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IIpeaucioBue

19-20 oxTsa6ps 2010 roma B roposie AcTpaxaHu, paclioloKEHHOM B JieibTe peku Bomrw,
Brnajaromieir B Kacnumiickoe Mope, mpomuia MeXIyHapoAHas Hay4yHas KOH(epeHuus
«3meHenust kiaumara U BojgHoro Oamanca Kacnwmiickoro peruonay, opraHu3oBaHHas B
cooTBeTcTBUU ¢ pekoMmeHpamusamMu 14-ii Ceccum KoopauHallMoHHOro KOMHTETa 110
TUAPOMETEOPOJIOTUH U MOHUTOPUHTY 3arpssHenus Kacnuiickoro mops (KACITIKOM).

Te3ucel H0KIa10B, MPEICTABICHHBIX Ha KOH(pEPEHIINH, ObUIN OIyOJIMKOBAHBI HAKAHYHE
ee npoBeJieHus, a 3ateM pasmenieHsl Ha caiite KACIIKOM BMmecTe ¢ nporpaMmMoi U IpyrumMu
MaTepuaiamMu  KoH(pepeHIHH http://www.caspcom.com/index.php?razd=conf&lang=1.
BonbIIMHCTBO YH4aCTHUKOB KOH(EPEHIIUH, ClIeAys MPOoch0e OPrKOMHUTETA, IPEICTABUIIN 110 €€
OKOHYAHUU MOJIHbIE TEKCThI CBOMX JOKJIAJ0B HAa PYCCKOM WMJIM aHTJIMICKOM SI3BIKE.

Matepuanbl Ha aHTJIMIICKOM SI3bIKE MYOJIMKYIOTCA 0€3 Hay4yHOU pelakliud, B TOM BUJIE,
B KAaKOM OHM ObUIM MpeACTaBlieHbl aBTOpaMu. JlOKimaabl Ha pYCCKOM S3bIKE OBLIN
OTpeAaKTUpOBaHbl. TiiarenbHasi MOArOTOBKa COOpHUKA TPYIOB KOH(EPEHIIUU K U3JaHHIO, K
COXAJICHHUIO, TOTpe0OBaja MHOTO BPEMEHH, 4YeM OOBSICHIETCS HECKOJBKO 3amo3janas
MyOIMKaIUs MaTepUAIOB.

[TonTopa roaa, mpouienmme co THS 3aKPBITHS KOH(PEPEHINH, ObLIIM MEPEIOMHBIMH B
JUHAMHKe BOoJIHOTo Oananca Kacnuiickoro Mops, 4To MOATBEPIUIO aKTyadbHOCTh MOTHSATOM
Ha HEW npoOiieMbl B ILEJIOM, OTAEIbHBIX €€ AaCHEeKTOB, PACCMOTPEHHBIX YYaCTHUKAMU
KOH(EpeHIMH, a TaKKe MyTel pelIeHus], OTPAXKEHHBIX B IPUHATON PE30IIOLIUU.

2010-2011 ronsl oka3aqucCh MajJOBOAHBIMH Ha p. Boire, 4Tto mpuBeno K pe3KomMy
cHmkenuto yposHs Kacrnuiickoro mops. Becnoii 2012 roga, korja matepuainbl KOHQEpeHIIuu
YBUJEIU CBET, CTAJIO SICHO, YTO MAaJOBOJHBIM OyJE€T M 3TOT roJl, T.€. YCKOPEHHOE IMaJIeHUue
ypoBHSL Mopsi mpoaospkutTcs. Crenyer oxuiath (M 3TO YKe OINYIIAeTcs), YTO JAaHHbBIE
M3MEHEHHUs BOJHOro OajlaHca HEraTUBHO OTPa3ATCs Ha MOPCKOM XO3HCTBE, MPEXKIE BCETO,
CYJIOXO/ICTBE U PbIOOJIOBCTBE.

B cBa3u co crnoxuBlieiics KpuTuueckoil curyauuedt pabouas rpynna KACIIKOM
INPUCTYNIWJIA K NOATOTOBKE  «broyuiereHer O cocTrosHMM ypoBHS Kacmuiickoro mops»,
COJIepXKAlMX OILIEHKY ero (hakTHYeCKMX M OXXUIAeMBbIX CE30HHBIX HM3MeHeHHuH. JlaHHble
OrosteTeHN OyAyT BBIMYCKAaThCs 2 pa3a B ToA (I1Oociie MPOXOKIACHHUSI MaKCUMyMa U MUHUMYyMa
CE30HHOI'0 Xo71a) u y0JINKOBAThCS Ha caire KACIIKOM
http://www.caspcom.com/index.php?razd=bullet&lang=1.

OpHako onepaTHBHBIE JaHHBIE - 3TO TOJBKO 4YacTh MHGpOpMalKU, HEOOXOAUMOM JuIs
OpUHATUS perieHuid. OHM JOMOJHSIOT co0OM HaydyHble 3HAHMS, MO3BOJISIOIINE OCMBICIHUTD
CUTyallUl0 U BbIOpaTh NpaBUWIbHYIO cTpaTteruto. I[loaTomy Martepuansl KoH(peEpeHIuH,
OTNIMYaloIIMecs TIIyOMHOM aHanmM3a M IIHPOTOM paccMOTpeHUs MpoOJieMbl H3MEHEHUM
KJIMMaTa W BOAHOro Oanmanca Kacnuiickoro permoHa, HECOMHEHHO, €IIe JO0Jro OyayT
M0JIE3HBI BCEM, YbHUX HHTEPECOB OHA KACaETCsl.

Cepreit MonaxoB

Hupexrop Kacnuiickoro MOpCKOro Hay4HO-UCCIEA0BATENBCKOTO LIEHTPA
Koopaunarop npoekro KACIIKOM


http://www.caspcom.com/index.php?razd=conf&lang=1
http://www.caspcom.com/index.php?razd=bullet&lang=1

Foreword

International scientific conference "Climate and Water Balance Changes in the Caspian
Region™ organized in accordance with the recommendations of the 14th Session of
Coordinating Committee on Hydrometeorology and Pollution Monitoring of the Caspian Sea
(CASPCOM) was held on 19-20 October 2010 in Astrakhan located in the delta of the Volga
river flowing into the Caspian Sea.

Abstracts of the Conference papers were published before opening of the Conference
and were displayed at CASPCOM website alongside with the Conference Programme and
related materials http://www.caspcom.com/index.php?razd=conf&lang=1. Most Conference
participants following the request of the Organization Committee submitted complete texts of
their papers in Russian or English after the Conference.

Papers submitted in English have not been revised and are presented as submitted by the
authors. Papers submitted in Russian have been revised. Thorough preparation of the
Conference proceedings took a long time, thus the publication of the materials was delayed.

A year and a half which have passed from the Conference date have turned to be critical
in the dynamics of the water balance of the Caspian Sea, which confirms the urgency of the
problem as a whole and its aspects covered by the Conference participants as well as the
solutions adopted in the Resolution.

2010-2011 were poor in water content for the Volga river, which caused a sharp
decrease of the Caspian Sea level. In the spring of 2012 when the Conference materials were
published it became obvious that the current year would also be poor in water, i.e. the sea
level will continue to fall. We should expect that these changes of the water balance (and they
are felt already) will produce a negative impact on the marine economy, and first of all on
navigation and fishing.

In connection with this critical situation CASPCOM Working Group started the
preparation of the "Bulletins on the state of the Caspian Sea level”, which contain the
assessment of its actual and expected seasonal changes. These bulletins will be issued twice a
year (after reaching maximum and minimum of the seasonal trend) and displayed at
CASPCOM website http://www.caspcom.com/index.php?razd=bullet&lang=1.

However real-time data are just part of the information required for decision-taking.
They add to the scientific knowledge which makes it possible to assess the situation and
choose the right strategy. That is why the Conference materials characterized by in-depth
analysis and comprehension of the problem of climate and water balance changes in the
Caspian region will be useful to all the stakeholders.

Sergey Monakhov

Director of Caspian Marine Scientific Research Center
Coordinator of CASPCOM Projects
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RIVER RUNOFF AS A MAJOR FACTOR
OF LONG-TERM CASPIAN LEVEL FLUCTUATIONS

Shiklomanov I.A Georgievsky V.Yu., Shalygin A.L.
State Hydrological Institute, Saint-Petersburg, Russia
Tel. +7(812) 323-35-17 Fax: +7(812) 323-10-28
ggi@hotmail.ru

Variations in the Caspian Sea volume (level) depend on the ratio of (difference
between) water inflow and outflow, which in turn is determined by a number of natural and
anthropogenic factors in its basin as well as by various hydrologic and hydrodynamic
processes occurring in the sea itself.

In order to obtain reliable data on the causes of sharp Caspian level fluctuations,
detailed studies of its water balance components were done at the State Hydrological
Institute. The water balance was calculated in two variants: first, with all the components
(including evaporation from water surface) calculated independently making use of the
technique developed at the State Oceanographic Institute (GOIN) and, second, with
evaporation determined as a residual term in the balance.

The balance calculated and corrected at the SHI has very insignificant discrepancies
with all the components calculated independently, which disproves the theories that tectonic
movements in the sea basin, changes in underground inflow etc. exert any significant
influence on the sea level change.

The obtained long-term data on the Caspian water balance components made it possible
to estimate statistical relationship between annual level changes and major determining
factors.

Figure 1 shows a graph representing the dependency of annual sea level increments on
the net river inflow (minus outflow to Kara-Bogaz-Gol).
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Fig. 1. Dependency of annual Caspian sea level increments on the net river inflow

Analysis of the above relationship gives grounds for drawing a conclusion that the
major reason behind sharp Caspian level fluctuations is a substantial variation in river inflow.
As follows from the Fig.1, the net annual inflow being 340-365 km®, level rise amounts to
more than 30 cm, while the inflow being about 200-220 km®, the level decreases by 20-30
cm. A series of such high or low water years leads to extreme level increments.
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The spread of points in Fig.1 can be explained by the fact that beside river inflow, level
increments also depend on the sea surface area, evaporation from water surface and
precipitation.

Influence of the surface area consists in the following: the level being high, probability
of positive increments is lower than of negative ones, and vice versa. For example, continuous
drop in the sea level (from the end of the XIX century till 1977) led to a shrunk in the sea
area. The sea surface having been larger, as it was, for example, in the beginning of 1900’s,
level rise in 1978-1998 would have been to times slower.

One should also notice that the most significant spread of points around the regression
line corresponds to the years when evaporation from water surface or precipitation differ
greatly from annual averages.

However, in spite of the mentioned above, one should emphasize again that data on sea
water balance and statistical analysis of its components give grounds for a definite conclusion
that the major factor determining all the significant Caspian level fluctuations (drop in the
1930’s and in 1971-77 and rise in 1978-96) is the net inflow of river water with its main
component - the Volga inflow. Correlation coefficient between annual level increments and
net inflow (minus outflow to Kara-Bogaz-Gol) amounted to — 0,90 in 1930-1996.

As the Volga inflow accounts for about 83% of the total river inflow into the Caspian
Sea, the discharge of the river plays crucial role in the Caspian hydrological regime, namely
level regime. Figure 2 represents the dynamics of the Caspian level and the differential
integral curve of the Volga runoff at Volgograd. One can see complete simultaneity of the
Caspian level and Volga runoff fluctuations.
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Fig. 2. Dynamics of the Caspian level (blue line) and the differential integral curve
of the VVolga runoff at VVolgograd (red line)

Over the last decades, noticeable changes in climate conditions have occurred in the
Volga basin, first of all air temperature increase. How have these changes impacted river
water regime and what can be expected in the future? The answer to these questions plays a
decisive role in solving a plenty of practical tasks.

In 2009-2010, State Hydrological Institute carried out integrated research into
assessment of the present day changes in the VVolga water regime and their causes as well as
into evaluation of possible changes in the coming decades.

In order to identify features of past climate-caused changes in the Volga water
resources, a detailed physical-statistical analysis of runoff data from 79 rivers, having most
long-term and continuous series of observations and not affected by anthropogenic activity,
was wade. It was found out that since the second half of 1970s, runoff formation conditions in
the Volga basin have changed, which has influenced directly its inflow into the Caspian.
Given below is brief characteristic of these changes.

10



Annual runoff. Over the last 30 years, annual runoff has increased in almost whole
basin area (Fig.3). For the river basins located north of 56°N, increase in water content
amounts to 2040 mm on average, while for the basins located to the south 5-15 mm. Most
rivers of the Volga basin have positive trends of annual runoff. As concerns annual runoff
variability, increased dispersion as against previous period has been observed over the last 30
years on the rivers of northern part of the basin, and decreased dispersion on southern ones.

One should, however, mention that the above results do not yet give any reasons to
discuss existence of any directed changes in long-term fluctuations in water resources of the
Volga basin rivers, because on most rivers they take place within the range of natural
variability.
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Spring runoff.  Spring runoff tends to increase in the Kama, Unzha and Vetluga river
basins and decrease in the rest of the watershed. Trends in flood runoff correspond to the
above mentioned changes, namely negative trend on most rivers and decreased spring runoff
dispersion observed over the last decades.

Summer-autumn runoff. Increased summer-autumn runoff has been observed in the
whole Volga basin, the most significant increase being in the southern forest, forest-steppe
and steppe zones of the basin where runoff has increased by 50-100% on average, and
positive trends have prevailed over the last decades. At the same time, variability of summer-
autumn runoff has increased. Most of the summer-autumn runoff series considered are non-
homogeneous in terms of Student’s criterion. Significant positive trends have also been
revealed for most of the rivers.

Winter runoff. Winter runoff has substantially increased (by 50-100%) over the last 30
years on all rivers of the Volga basin (Fig.4). On 67 rivers, interruption in homogeneity of
winter runoff series by the Student’s criterion has been revealed. 74 rivers demonstrate
substantial positive trends. Moreover, winter runoff dispersion has sharply increased over the
last decades; 52 rivers demonstrate substantial Fisher’s inhomogeneity.

Monthly runoff. 88-89% of the rivers considered demonstrate substantial positive
trends in long-term variations of January and February runoff, 63-64% of the rivers
demonstrate positive trends in March and December runoff variations. From June to
November substantial positive trends are observed at about 50% of gauges, and only in April
and May negative trends in runoff have been revealed at 27% of gauges. On the whole,
similar situation is observed with inhomogeneity of monthly mean runoff series. As for the
dispersion, it has increased substantially from January to March and from July to October
over the last decades. Along with general runoff decrease in April, a decrease in its peak-to-
peak value (amplitude) has been observed.

The statistical analysis of runoff series makes it possible to conclude that in most of the
Volga basin abrupt increase in low flow (mostly in winter) has caused interruption in
homogeneity (stationarity) of long-term observation series and increased their variability.
Therefore, they cannot be considered under the stationarity hypothesis.

In order to identify physical mechanisms, factors and causes of the observed changes in
water regime of the Volga basin, the SHI scientists used data of observations of air
temperature, precipitation, soil moisture, evaporation from water and land surfaces,
groundwater level and data from water balance stations.

A fundamental conclusion was made that the major factor, a “trigger mechanism” to
initiate changes in runoff formation conditions is the substantial increase (by 1.5-3.0°) in
surface air temperature in January-March. In these months, warming was accompanied by a
noticeable increase in thaw cases. For example, in VVolgograd reservoir area average number
of thaw cases in winter has increased by more than 50% after 1978.

Analysis of moisture cycle made with the use of data from Roshydromet network and
physical-mathematical model of heat and moisture transfer enabled one to explore basic
mechanisms of changes in water regime of the rivers more thoroughly. It was stated that
increased winter temperature reduce soil freezing depth and, consequently, decrease
accumulation of moisture in a freezing zone. At the same time, soil drainage properties and
the portion of moisture involved in groundwater flow increase. Reduced winter freezing and
increased number of thaw cases encourage rising of groundwater table, which in turn leads to
increased summer-autumn low flow and on the whole stable “basic” component of water
resources.
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Fig.4. Anomalies of the VVolga basin rivers winter runoff for years 1978-2007 (top)
in comparison with 1946-1977 (down).
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The above results show that over the last 30 years the Volga basin has experienced
substantial changes in runoff formation conditions, which directly influenced river inflow into
the Caspian Sea. This has been caused by climate change in the basin and, primarily, by
increase in air temperature. Moreover, the most intense climate change in the basin was
observed during quite a short period in the 1970°s when air temperature (especially in winter)
as well as summer and winter precipitation substantially increased.

Since the end of 1970’s until present high values of air temperature, precipitation and
inflow have persisted, having great inter-annual variability and practically no substantial
trends. One should also mention that in previous period 1946-1977 there were no substantial
trends in these characteristics either.
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Based on the above data one can suggest that since the end of 1970’s a new quasi
stationary water regime of rivers and inflow to the Caspian have formed in the Volga basin.
The results obtained provide a basis for formulation of possible approaches to evaluation of
future Volga inflow to the Caspian. One of them consists in adopting a hypothesis of
quasistationary hydroclimatic conditions which have formed in the basin since the end of
1970’s until present. In accordance with this, inflow series for the last 30 years are accepted
as analogue (in terms of statistics) for the nearest decades.

Along with this, it seems obvious that application of this approach requires a detailed
verification of possibility to extrapolate present day hydroclimatic conditions to the nearest
decades. In the present day conditions of changing climate, characteristics of future climate
calculated by contemporary Ocean-Atmosphere Global Circulation Models (OAGCM) should
be considered in addition to statistical analysis of hydrometeorological observation series.
Using these data, one will be able to assess by hydrological models projected parameters of
river regimes which could provide additional material for either supporting the hypothesis of
taking past climate conditions as analogue for the next decades, or developing some other
possible approaches.

Taking into account the above mentioned, a methodological approach has been
suggested to evaluate changes in the Volga basin regime and inflow to the Caspian Sea
projected until 2030 under conditions of climate change. The approach is based on the
following:

1) Results of modeling precipitation and air temperature obtained by various OAGCMs
are considered as possible scenarios of future climate conditions. “Best” OAGCMs are
selected which simulate present day variations of meteorological elements most accurately.
An ensemble approach is implemented by averaging parameters of future climates by the
“best” models. Such approach can also be used with all other models. Therefore, a set of
scenarios of future climates is formed.

2) Monthly anomalies of meteorological elements as against reference period of 1946-
1977, during which river regime in the VVolga basin was stationary, are calculated.

3) Runoff in the Volga basin and inflow to the Caspian are calculated for all climate
scenarios by a hydrological model with scenario climate conditions taken as input data.

4) Based on comparison of runoff characteristics for scenario conditions, reference and
the present day periods, conclusion is drawn on possible climate caused inflow variability and
the feasibility of accepting present day hydrometeorological conditions as analogue for the
nearest decades.

Air temperature and precipitation scenarios for the next 30 years (2011-2040) by 21
climate model (AOGCM) were examined for the Volga basin. The models were ranked in
accordance with adequacy of simulation of real dynamics of meteorological elements in the
Volga basin, and 5 relatively best models were selected for each of the two parameters
(temperature and precipitation). Only two models were ranked as best simulating both
temperature and precipitation. These are the Norwegian model (BCCR-BCMZ2.0) and the UK
model (UKMO-HadGEML1).

An ensemble approach was then implemented, which consists in averaging parameters
of future climate by 5 best models as well as by all 21 models. Earlier, an ensemble of 12
climate models under two greenhouse emission scenarios A2 and B1 was examined at the
SHI. Therefore, we adopted 6 scenarios for further calculations (two by the most adequate
models and four by ensemble models). According to all the scenarios considered, warming in
the Volga basin as against reference period 1946-1977 is expected to continue. As for the
seasonal trend, the most substantial warming should be expected in winter months. Following
warming, annual precipitation totals are expected to increase over the whole Volga basin,
although estimations of these changes differ greatly.

Calculations of “climatic runoff” of Volga and its inflow to the sea as well as its
anomalies as against reference period of 1946-1977 were done by 6 adopted climate scenarios
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with the use of the SHI water balance model. Most of the scenarios suggest increase in annual
Volga runoff within the range of 5-15%. At the same time, results of modeling indicate that
Volga regime and inflow anomalies calculated with respect to the reference period 1946-1977
fall within the range of changes observed over the last decades (Fig.5).
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Fig. 5. Actual Volga runoff anomalies (1978 — 2007) and anomalies estimated according to the
climatic scenarios as against reference period of 1946-1977

Therefore, based on the above results one can suggest that in the next 2-3 decades the
Volga inflow to the Caspian will not exceed average values of the high water period observed
since 1978. In other words, increased runoff of the river in the last decades was largely caused
by its inter-annual variability. At the same time, all the considered climate scenarios suggest
that the VVolga runoff is expected to be somewhat higher than that averaged over the reference
period 1946-1977.

How will such changes in the Volga water content influence the dynamics of the
Caspian level? Taking into account considerable inter-annual variability of all the Caspian
water balance components as well as obvious uncertainties in assessment of future climate
conditions, the most reasonable approach to evaluation of the Caspian level consists, in our
opinion, in its stochastic modeling, with water balance equation of sea used as a level
fluctuation model.

SHI is now developing an approach based on the use of series of inflow to the sea and
visible evaporation from its surface. The series are simulated by the Monte Carlo method.
The above approach allows one to consider existing spatial-temporal water balance
components fluctuations, laws of runoff formation and water management in the basin as well
as assess the response of the level to variations in the sea water balance components under
various future climate scenarios.

In order to evaluate the impact of possible climate change on the inflow to the sea,
assessments of the Volga inflow to the Caspian obtained at the SHI with the use of the above
mentioned scenarios were used. Assessments of variations in evaporation from water surface
under future climate scenarios were made making use of diffusion formula developed at the
State Oceanographic Institute. In order to calculate runoff from the sea to Kara-Bogaz-Gol,
interpolation dependency of runoff on the Caspian level with account of observations in the
Kara-Bogaz-Gol was obtained.

Analysis of the stochastic modeling results of the Caspian level variations for the
nearest decades made with the use of the above future climate scenarios shows that reduction
of the Caspian level should be expected with account taken of possible increase of water
consumption in the basin. By 2030, it will be most probably within the range of -27.6 + -28.2
m BS. Naturally, in individual years or periods the levels may deviate significantly from these
marks. At the same time, calculations show that in the next 20 years probability of the level
rising above —26.0 m is less than 1%.
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Abstract

A number of factors, including temperature, humidity, clouds, rainfall, wind, visibility, etc., are
studied in meteorology, but the climate of an area is studies by two parameters: air temperature and
rainfall. The reason for this is that other metrological elements are represented in these two
parameters. In the rainfalls of the southern coasts of the Caspian Sea, the role of Alborz Mountains is
very significant and these mountains have created a particular climate in these coasts. Of course the
rainfall in this area is not merely mountainous, because the maximum rainfall occurs in the western
coasts of the Caspian Sea, but the maximum height is in the middle part or the central Alborz. Most of
the rainfalls in this area can be caused by the advection resulted from temperature differences between
the air and the water. This research has been conducted based on the meteorological data and statistics
from 9 synoptic stations of the southern Caspian Sea coasts and seeks to recognize the humidity and
rainfall status and studies the rainfall and air humidity changes of the area in two 20-year-long periods
between the years 1967 to 1986 and 1987 to 2006. Thus, the study period is 40 years and includes 9
selected stations in the provinces of Mazandaran, Gilan, and Ardabil. Based on the obtained results
which are shown in Figure 1, even though in the second 20 years of statistics, decrease is observed in
rainfall in 4 stations and increase in 5 stations, the total rainfall in the stations has very slight decrease
(less than 1.3%). Also, the maximum rainfall during the recent 40 years occurs in Pilimera station with
a value of 2262mm and the maximum changes (about 29% increase) occur in MahmoudAbad station.
The average annual relative humidity occurs in Astara and Rasht with a value of over 80%. The
changeability coefficient of relative humidity is very insignificant all along the year and not less than
60% during any month of the year.

Introduction

Climates encompasses the statistics of temperature, humidity, atmospheric pressure,
wind, rainfall, atmospheric particle count and other meteorological elements in a given region
over long periods of time. Climate can be contrasted to weather, which is the present
condition of these same elements and their variations over periods up to two weeks. Yet, as
these climate studies impact progress from equilibrium to transient simulations, researchers
are increasingly requiring data that accurately represent climate variability continuously in
space and time (Cramer, Fischer 1996; Piper, Stewart 1996). Similarly, there has been a
growing demand for the representation of temporal variability in climate change scenarios
(Hulme, Brown, 1998). Although these data requirements are converging toward high-
resolution representation of climate in both space and time, there are few datasets that satisfy
this demand. Notable exceptions are the monthly time step Global Precipitation Climatology
Project (GPCP) dataset (Xie, Arkin, 1996; Xie et al., 1996), the monthly 1900-88, 2.5° lat x
2.5° long precipitation dataset of Dai et al. (1997, hereafter Dai), and the 0.5° lat x 0.5° long
daily time step dataset being developed by Piper and Stewart (1996, henceforth PS). Cilimate
change has various aspects. These include monitoring and detection of climate change (Jones
1994); evaluation of General Circulation Models (GCMs) (Hulme, 1994a; Airey et al., 1996)
and regional climate simulations (Christensen et al. 1997); ground truthing, calibration, or
merging with satellite climatologies (Huffman et al. 1995); understanding the role of climate
in biogeochemical cycling (Sellers et al., 1997; Cao and Woodward, 1998); and construction
of climate change scenarios (Carter et al., 1994).
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Fig.1. Average annual rainfall for the two 20-year-long periods at the southern stations of the Caspian
Sea

The climate of a location is affected by its latitude, terrain, and altitude, as well as
nearby water bodies and their currents. Climates can be classified according to the average
and the typical ranges of different variables, most commonly temperature and precipitation.
The most commonly used classification scheme was originally developed by Vladimir
Koppen. The Thornthwaite system in use since 1948, incorporates evapotranspiration in
addition to temperature and precipitation information and is used in studying animal species
diversity and potential impacts of climate changes. The Bergeron and Spatial Synoptic
Classification systems focus on the origin of air masses that define the climate of a region.
Therefore, in this study the data of 9 selected stations, include the synoptic and climatology
station were applied in two periods which contain 20 years data. The research attempt to
recognize the climate situation of the city of south Caspian Sea and to investigate the variation
of precipitation,temperature and humidity.

The area under study. The Caspian Sea
include different climates, and is adjacent in the
north with Aral sea and VVolga in the East with the
dry and semi arid plains of Kazakhstan and
Turkmenistan and in the south and west is
surrounded with the mountains of Alborz and wet
region of Caucasus. The Wide of coastal plains in
the West was much less and in most parts,
immediately after the coastline the height of
ground increases up to 900 meters. In the
chaboksar the distance between the counter of
900m from the coast is 3Km and in the Sari plain is
about 70Km. Because of adjacent to the coast and
the mountains of Alborz the region contains humid

cliamte. It is also mentioanble that adjacent to the | " Baku
sea and the Alborz mountains have effective roles {,4
in the climate of this area that created specific Lankaran

. : . : : o Tabri
climate in which rainfall of this region in the aspect | ® s :
of rate, time, amount and distribution is differnet ~@ Area study

Turkmenbasy

from other rainfall of different region in Iran. In the At ohacy 4Sﬁ ®°
south coast of the Caspian Sea because of Siberian = Amol® Babol

high pressuer systems and Cyclone frequency,
nearly duration of all the year there is rainfall and
the amount of rain is increase from east to west.
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Materials and methods

Table 1: The selected station of the study

NAME ZONECODE LATITUDE LONGITUDE ELEVATION
ARDEBIL 40708 3815N 48 17 E 1332.0M
BANDAR ANZALI 40718 3728 N 4928 E -26.2 M
RASHT 40719 3712N 4939 E 36.7M
LAHIJAN 3711 5000 -2
PILIMBRA 3735 4905 6
RAMSAR 40732 36 54 N 5S040 E -200 M
NOUSHAHR 40734 36 39N 5130E -209M
BABOLSAR 40736 3643 N 5239E -21.0M
MAHMOODABAD 3631 5300 118

According to the effect of precipitation, humidity and temperature in the specification of
the climate, we try to use the stations which have long period data information. The aim of the
study is to investigate the some element of humidity and temperature in south coast of the
Caspian Sea and their variation in two periods that each contains twenty years. Thus the total
periods of the research is 40 years that varies between 1976 to 1986 and 1987 to 2006 and
includes the stations which are shown in the fig 1. The table 1 shows all the information about
the stations, longitude, latitude and elevation of study area.

Rainfall

To estimate the changes in precipitation and two 20-year periods in the study area,
average annual precipitation in nine selected stations is used (see table 2 and 3). The tables
show that the average rainfall in most months of the year has been reduced. Negative number
in Table 2 reveals an increase in rainfall in months and the desired station. As it can be seen in
the table, most of the numbers were positive, indicating that the decrease in average
precipitation within the desired stations and only in July in the most stations it can be seen
that rainfall has increased that indicate the climate change in this season.

As shown in Table 3, in the first period Pilimera with the 2217 mm, Anzali with 1847
mm and Lahijan with 1408 mm per year include the highest rainfall among other stations (fig.
2). In the second period, the most rainfall is about Pilimera 1917 mm, Anzali 1695 mm and
Lahijan 1535 mm. It is also notable that in surveying of the rainfall the Pilimera and Anzali
station has drop to 300 mm and 151 mm, respectively in which on the other hand, the Lahijan
station has increased to 127 mm. Generally speaking it can be said that in second 20 years, in
4 stations there is reduction up to 519 mm and in 5 stations there is increase up to 493 mm.
Therefore it can be obtained that average annual rainfall in the southern coasts of the Caspian
Sea is faced the fluctuations.
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Fig. 2. Mean rainfall in the selected station in two intervals
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The average result of seasonal rainfall in selected stations are mentioned in table 4. As it
is shown, in most stations in three seasons of S1,53,S, the rainfall has decreased while in S, it
has increased.

Table 4: The average result of seasonal rainfall at selected stations (mm)

STATION PERIOD S1 S2 S3 S4 ANNUAL
Anzali P1 300.6 114.2 50.8 150.1 1847.2
P2 251.6 149.6 44 .4 119.7 1695.8
P1-P2 49.0 -35.4 6.4 304 151.4
Ardebil P1 36.4 5.6 40.5 26.6 327.6
P2 29.1 8.3 31.0 28.7 291.1
P1-P2 7.3 2.7 9.5 2.1 36.5
P1 144.3 53.5 24.4 78.9 903.2
Lahijan p2 152.5 61.6 26.4 75.9 949.1
P1-P2 -8.2 8.1 2.0 3.0 -46.0
P1 42.3 19.9 12.9 25.0 1408.6
ERITIEED P2 39.9 211 14.0 25.0 1535.2
P1-P2 2.3 -1.2 11 0.0 -126.6
Mahmoud P1 42.0 19.2 12.1 30.8 860.9
Abad P2 318 215 18.5 33.1 1110.6
a P1-P2 10.2 2.3 6.4 2.3 -249.7
P1 191.4 81.9 51.2 93.3 1253.6
Noushahr
p2 205.6 92.9 50.5 89.2 1314.5
P1-P2 -14.2 -11.0 0.7 4.1 -60.9
Plimira P1 41.8 22.7 17.6 21.2 2217.5
P2 375 25.6 14.6 24.7 1917.6
P1-P2 4.3 2.9 2.9 -3.4 299.8
Ramsar P1 182.4 85.0 49.0 84.8 1203.9
P2 188.8 87.5 51.9 76.4 1214.0
P1-P2 -6.4 25 2.9 8.4 -10.1
Rasht P1 198.9 78.8 52.8 133.2 1399.0
p2 179.3 98.6 55.0 123.0 1367.6
P1-P2 19.5 -19.8 2.1 10.3 31.4
Temperature

In the south of the Caspian Sea, mean temperature of warmest summer months in July
varies between 35 to 40 ° C and mean minimum of coldest winter months in December
changes between 1 to 4° C (table 5). The minimum annual temperature refers to Ardabil
station.

The average annual temperature in the first period was 9.6 © C , while in the second
period its value reached 15.56° C,in which finally 6 ° C get warmer. According to the table 6,
annual fluctuations determine the thermal regime of stations which are shown in fig 3. The
positive values represent that the weather get cooler and the nagative indicate that the weather
becoming warm. At most stations the warmer air can be seen.
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Fig. 3. The variation of monthly temperature at the selected stations (°C)

Relative humidity

According to the table 7 and 8 at the Ardabil station, the humidity is more than 60% and
in other stations it was about 80%. The negative numbers indicate increased moisture and
positive values represent the reduction in moisture. The results indicate that the southwest
Caspian show increasing in moisture and Southeast encountered reduction in moisture during
two time intervals (fig. 4). The coefficient of variability of relative humidity during the whole
year is in accordance with the above mentioned role. The maximum value is at Anzali with

85%.

O 1966-86
B 1976-06

Fig. 4. The comparison of the mean annual temperature fluctuations
in the selected stations in two intervals (periods)
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Conclusions

For the study of climatic elements of southern Caspian Sea in two intervals, the mean
annual rainfall, temperature and humidity were analyzed. It seems that due to the complexity
of climatic factors such as Alborz Mountains, height of location, especially adjacent to the sea
and local winds the climate of the southern Caspian Sea region experienced certain ambiguity
in which the eastern and western half of it has undergone some vice versa trend towards each
other. The rainfall in two 20 year periods has decreased. Total average rainfall from 1987 to
2006 is reduced in four stations with 519 mm and has increased in 5 stations up to 493 mm in
two intervals. Therefore; spatial changes in precipitation in the East and West has experienced
a different distribution. Also the temperature is increased 6°C and the humidity in the selected
stations have increased in the west and decreased in the east.
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Abstract

The Caspian Sea is the biggest enclosed body of water on Earth. One of its peculiarities is the
periodical fluctuation in sea level, at many temporal scales ranging from geological to very short. The
causes of these changes remains an active subject of debate among scientists. In this paper we
illustrate the variability of the Caspian Sea level using the in situ tide gauge network and satellite
altimetry. The satellite altimetry technique demonstrates a great potential in this type of application to
the Caspian Sea, since the sea level variability can be measured over the whole basin. However, the
quality and usability of these observations is dependent upon good calibration and validation of the
satellite sensors. To this purpose, a pilot sea level station at Absheron Port near Baku has been
operating since June 2008. Regular field campaigns based on GPS leveling along the altimetry tracks
have been also conducted. Preliminary results from these activities are presented and discussed.

Introduction

The Caspian sea is the largest inland sea of the world. It is consequently well covered
by the different altimeters currently in orbit, and it offers the possibility of continuous and
very high precision monitoring of the Caspian Sea Level (CSL), from 1993 (after the launch
of TOPEX/ Poseidon) until now. In fact the Caspian sea is an interesting target to evaluate the
potential of altimetry in lake studies. It presents high level time and space variability. It has
been monitored for more than 100 years by ground gauges, however, the reasons of CSL
variations is still in debate, and the impacts on coastal zone are considerable and not
sufficiently quantified.

Some different applications of satellite altimetry can be developed in the case of the
Caspian Sea. They are described in the following section. This essentially concerns three main
components:

e calculation of decadal Caspian Sea level variation and comparison with in-situ
measurements;

e estimation of water mass balance of each water body, based on coupled altimetry-
climatological data;

e study of ice regime in the northern part of the Caspian sea from combination of active
(altimetry) and passive (radiometry) microwave data.

1. Estimation of the Caspian Sea level from altimetry point of view and
comparison with in-situ data

Due to its large area (375000 km?) the Caspian sea is well covered by all satellite
altimetry currently in orbit (Figure 1). Five satellites can be used to compute the mean CSL
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variations. TOPEX/Poseidon launched on August
10, 1992, with an expected 5-year lifetime is still
operating. It is a joined United States (National
Aeronautics and Space Administration (NASA)) -
French (Centre National d’Etudes Spatiales (CNES))
mission. The satellite carries two radar altimeters
emitting on two frequencies (13.6 Ghz, Ku-Band,
and 5.3 GHz, C Band), a Microwave Radiometer
emitting on three frequencies (18GHz, 21 GHz, and
37 GHz)) dedicated to the measurement of sea
surface brightness temperature, needed to estimate
the tropospheric correction, one Laser Reflector
Array (LRA) and one radio positionning system
(DORIS) both used to determined the precise orbit
of the satellite. The orbit of TOPEX/Poseidon has
been chosen in order to cover the maximum of ice
free ocean without aliasing the tide, minimize the
drag effect, and minimise the manoeuvre essential to
maintain the orbit needed to reach the scientific
requirements. The orbit of TOPEX/Poseidon is at an
altitude of 1336 km, on a 10 days cycle repeat orbit, ~ Fig. 1. Coverage of each of the
with equatorial cross-track separation of 315 km, ?:Jercg;mToi)aetil“/tePozle;[ilcT;er:er(y eljlzf/t/))n
and inclination of 66°. The altimetry data and all : . \
geophysical and instrumental correction are GFh(.)t (black), and Envisat, ERS
distributed by two data center (AVISO and (white)

PO.DAAC) and are freely available to the scientific

community.

The Jason satellite was launched on December 7, 2001. It is the follow-on mission to
the TOPEX/Poseidon mission. During the first 9 months of Jason’s life
(Calibration/Validation phase), both satellites were on the same orbit at 2 minutes of time
interval. Since August 2002, TOPEX/Poseidon was put on an intermediate orbit in order to
densify the coverage of both satellites (with equatorial cross-track separation between Jason
and TOPEX/Poseidon of 160 km: see Figure 1). The orbit of the satellite is determined with 3
positioning system, DORIS, GPS and Satellite Laser Ranging (SLR). The main requirement
of Jason mission was to be at least as good as the Topex / Poseidon system.

The Envisat satellite has been launched on March 1, 2002 to monitor land, Ice caps and
oceans with the main objective of addressing environmental and climatological issues. It
carries many optic and radar instruments among them an altimeter, the RA-2. It is a nadir
pointing instrument operating in a continuous mode around the whole Earth. It provides 18
range measurements per second. The satellite operates with a 35 day repeat cycle with an
inclination of 98.5 degree, allowing an across track sampling of 80 km at the equator. It is
particularly well adapted for lake monitoring as it increases by a factor 4 the spatial coverage
of TOPEX/Poseidon and Jason satellites. The orbit is determined with the DORIS and SLR
tracking systems. RA-2 has 2 channels of measurements (13.575 GHz: Ku band, and 3.2
GHz: S band) in order to correct for the ionospheric bias.

The Geosat Follow-On (GFO) satellite has been launched on February 10, 1998 to
maintain continuous ocean observation of the GEOSAT satellite. It has been put on a repeat
cycle orbit of 17 days at an altitude of 800 km, and at 108° of elevation. Orbit is determined
with Doppler Beacon. The radar altimeter operate in a single frequency mode: the Ku band at
13.5 GHz. Data are made available by the NOAA, but on the land surface a lot of altimetry
data are missing. On the Caspian Sea and Kara Bogaz Gol (KBG), a full coverage is available.
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The spatial distribution of the data, thanks to the specific orbit at 17 days repeat cycle, allow
to complete the coverage of the 3 other altimetry system as one can see in Figure 1.

To compute the Caspian Sea level variations one thus can operate in a multi-satellite
mode. However the first step is to estimate the bias between the various satellites before
computing the lake level from a multi-mission data set. Biases observed in the Caspian Sea

and KBG are in the range of 10 to 20 cm.

The quality and usability of the altimeter-
derived observations is dependent upon good
calibration/validation of the satellite sensors with
in situ observations. Figure 2 shows the available
network of in situ stations around the Caspian Sea.

The first measurement of sea level was made
in Baku (Azerbaijan’s capital) in 1837, and this
was followed by many other site measurements
(Shiklomanov et al., 1995). Annual sea level
variations from four stations (Baku, Makhashkala,
port Shevchenko and Krasnovodsk) were averaged
to provide an “official” Caspian Sea Level (CSL)
as given in Figure 3. This official CSL has been
used in numerous articles to assess the Caspian Sea
water balance. The objective was to determine the
uncertainty in the water balance (mainly dye the
evaporation rate), with emphasis on explaining the
level variations and predicting future evolution of
the CSL (Kosarev and Yablonskaya 1994,
Mamedov 2001; Panin, Mamedov, 2005).

The Caspian Sea is characterised by cyclic
and high amplitude water level variations over
historical time scales. For
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Fig. 2. In situ measurement stations on
perimeters of the Caspian Sea
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Fig. 3. Caspian Sea level from in-situ data

level started to rise again, the following 17 ears saw an increase of ~2 meters (Figure 2).

Since 1993 with the help of radar altimetry, new water balance of the Caspian Sea can
be estimated. Indeed altimetry could provide new light on the water balance variability of this
big lake, connected to regional and global climate changes. First of all because since few
years, many in situ data are not available, secondly because this can help to assess the quality
of in-situ measurements when they exist. Comparisons of recent altimetry measurement and
in situ gauges measurements are shown on figure 5 for annual term from 1993 to 2001. This
figure demonstrates that the general trend of both time series are correlated (coefficient of
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correlation of:
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it remains some
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The CSL variations are based on merged T/P, Jason-1, Envisat and GFO provided by
ESA, NASA and CNES data centers. The altimeter range measurements used for CSL consist
of 1hz data. The water levels have been referred to Baltic Sea level reference frame. Figure 4
shows that due to climatological cycle (evaporation, precipitation) and hydrological (river
runoff, discharge to Kara Bogaz Gol) CSL variations present seasonal variations. Inter-annual
tendencies are also observed that should be interpreted in the light of decadal climate

variability and amplification
of irrigation in the Volga river
basin.

Figure 5 shows a
comparison of  TOPEX/
Poseidon altimetry (red) and
in situ stations (black).
Altimeter data agree well with
“ground truth” at basin scale,
but  still  some local
discrepancies exist (e.g. 70
mm in 1995). The errors in
altimetry are ~15 mm/yr.
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Fig. 5. Caspian Sea level variation from altimetry (grey
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2. Sea level pilot
station operating at Absheron Port (Baku)

Within the framework of the project ALTICORE (www.alticore.eu), funded by INTAS
program (www.intas.be) for a period of two years beginning 1 December 2006, a pilot sea
level station consisting of a bottom pressure has been recently (June 2008) installed at
Absheron Port in Baku, Azerbaijan (Vignudelli et al., 2008; Fig. 6). The sea level station has
been operating since June 2008. It consists of a bottom pressure water level gauge with
objective producing a qualified data set of in situ sea level measurements.

During the observational period, the sea level at Port Absheron exhibits a large high
frequency variability apparently more pronounced during summer time. There are also other
oscillations superimposed that need careful investigation. The spectrum analysis shows the
existence of a little tidal contribution to the sea level (Fig. 7). The large contribution is
observed in the 3-30 day band, possibly linked to the meteorological forcing.
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Fig. 6. Sea level pilot station operating at Absheron Port (Baku)
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the correlation coefficients R,,, R, and R, , correspondingly, between the time series
[P.(t) , P®)]; [P.(t), L()];and [P(t),L(t)]; with the daily and monthly averaging, were

calculated.
The obtained values of correlation coefficients are given in the table 1.

Table 1: Correlation coefficient

120

Averaging Rep Re. ReL
Daily -0.029 -0.447 0.568
Monthly -0.489 -0.883 0.756
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Fig.9. Dependence of the sea level Fig.10. Dependence of the pressure
L =L(t) (cm)ontimet. P = P(t) (dBar) ontime t.

The table indicates that the daily variations of the atmospheric pressure P, (t) and
pressure P(t) on the bottom of the sea are very weakly correlated (R, , =—0.029 ), while the
monthly fluctuations of pressures exhibit a noticeable correlation (R,, =-0.489). The
different behavior is due to the inertia of the water body to short-term (daily) fluctuations of
atmospheric pressure. The negative sign of the correlation coefficient indicates, that to the
lowering of the atmospheric pressure P, corresponds a rising of the sea level (and the
pressure P ) and vice versa. This behaviour can be also noted in Figures 9 and 10.

Since the sea level L(t) and the pressure P(t)on the bottom of sea are proportional
quantities, then correlation coefficient between them must be very high. However, in terms of
the daily average values of the quantities L(t) and P(t) (Fig. 8 and 9) it proved to be:
R, =0.568 . The fact that we find a not very high value of R, can be due to two reasons.
Firstly, the measurement of quantities L(t) and P(t) were conducted at the different points of
the sea, where the local morphologic characteristics and hydrological regime were different.
Secondly, the data about the level, L(t), taken from the tide gauge under the almost
permanently existing waves, contains conspicuous errors. In terms of the monthly average
values of the L(t) and P(t) the correlation proved to be: R, =0.756. The increase of R, is
connected with the smoothing procedure that decreases the contribution of the short-term
fluctuations, which contain the uncorrelated errors of L(t) and P(t).

Concluding remarks

Sea level in the Caspian Sea is a topic of growing concern to all five surrounding
countries (Azerbaijan, Republic of Iran, Kazakhstan, Russian Federation and Turkmenistan).
Satellite altimetry provides an invaluable tool to monitor temporal and spatial variability of
the Caspian sea level. In synergy with in situ data it can provide complementary information
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on sea level variability that coupled with observations of other components of the water
budget can give estimations of evaporation over the Caspian Sea. Finally, the Caspian Sea is
currently considered the best natural target for calibration/validation of satellite altimetry over
continental water bodies being a big lake with favourable location of satellite tracks and
Cross-over points
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OIIEHKA U3MEHEHUM KJIMMATA KACITAHCKOT'O MOPSI HA OCHOBE
HOBBIX UTH®OPMAILIMOHHBIX TEXHOJIOT U1

Boponuos A.A., Muxaiiios H.H.
BHUUTMU-MII, O6uunCK, Poccus
vorv@meteo.ru

AHHOTANUA

Coznannpiii Ha ocHoBe ['MC-texnomormit B pamkax EnmnHO#N cuctemsl mHDOpManuu 00
oOctanoBke B MupoBom okeane (ECHMO) snekrponnslil atnac Kacnuiickoro Mopst 1 mpuOpeXHBIX
TEPPUTOPUIl  MO3BOJWJI TOJYYUTh HAa OCHOBE MAKCHUMAJIBHO IOJHBIX HMCXOJHBIX JAHHBIX HOBBIC
OIIEHKH KJIMMAaTHYECKHX XapaKTePHCTUK, B TOM YHCJIE MO OCHOBHBIX THAPOMETEPOIOTHYECKUM
nmapaMeTpaM, a TaKKe IPOAHAIM3UPOBATh TPEHABl HM3MEHEHHUH BaXXHEHIIMX MapaMeTpoB Ha
NpUOPEKHBIX THAPOMETEOCTaHIMAX. MccinenoBaHus MoKa3any, YTO M3MEHYMBOCTD KJIMMAaTa IMpexe
BCEr0 TIPOSIBIIIETCS B TMOBBIIIEHUH TEMIIEPATyphl BOJBI, YMEHBUICHHH €€ COJEHOCTH, MOBBIIICHUH
ypoBHsI Mopsi. Hamnbosee cymecTBeHHble M3MeHeHHs Habmomatorcest B CeBepHoM Kacrmum, mpuaem
CKOPOCTb 3TUX U3MEHEHHUH B MOCIEAHNE AECATUIETUS TPOSBISIET TEHACHIUIO K TIOBBIIIECHUIO.
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Beenenune

[IpoGnema u3MeHEHUH KIMMaTa BOLLIA B YHUCIO BAXXHEUIIUX MEXIYHAPOIHBIX
KOMIUIEKCHBIX ~MEXJIUCUUIUIMHAPHBIX Mpo0JeM coBpeMeHHOcTU. V3MeHeHus kimMmara
MPOSBIISAIOTCA B YBEIUYEHHHM pPa3MaxoB KoJIeOaHHH MOTOAHBIX YCIOBHM, B H3MEHEHUU
MHTEHCUBHOCTU KJIMMAaTUYECKUX aHOMAIMM, YYallleHWH U YCWIEHHH OHKCTPEMAJIbHBIX
MPUPOAHBIX SIBJICHUM, 3aTParMBarOT BCE PETMOHBI TUIAHETHI, B T.4. Kacnuiickuid peruoH. J1o
IpeJoIpeaeisieT HEOOXOUMOCTh OCHOBATEIILHOTO W3YYEHUS M MOHHTOPWHTA W3MEHEHHU
KJIMMaTa Kak OJHOTO U3 KIIOYEBBIX JOJITOBPEMEHHBIX (DaKTOPOB HAIMOHAIBHOU U
MEXTyHAPOAHOM 0€301macHOCTH

B noseiimee Bpems chopmupoBanuch aBe TeHIeHIUMU. C OJHONW CTOPOHBI, C KaxXIbIM
rOZIOM YBEJIMYMBAIOTCS OOBEMBl JAHHBIX HATYpHBIX HAONIOAECHUH, YAJIUHSIOTCS pSAIbI
HaONIO/IGHUH 32 MPHUPOAHON Cpelol, YTO TMO3BOJSET MPOBOAUTH OOJee TOYHBIE U
KAUeCTBEHHbIE  OLEHKM  IPOCTPAHCTBEHHO-BPEMEHHOM  M3MEHUMBOCTH  IPUPOJHBIX
napameTpoB. C Apyroil CTOpOHBI, UAET MOCTOSIHHOE Pa3BUTHE COBPEMEHHBIX KOMITBIOTEPHBIX
TEXHOJOTUIl Ha oOcHoBe reorpapuueckux wuH@opmanuonHbix cucrem (I'MC), cucrem
yrpasienus 6azamu aanHabix (CYB]I), web-texHomoruii, 4to mo3BossieT aBTOMAaTH3UPOBAThH
pacueTHbIe IPOLEAYPHI U IPOLECCHl 0TOOPAKEHU S BBIXOIHOU MPOTYKIUH.

OcHoBHast yacTh

[Tocnenanee aecsTuineTHe OTMEUEHO aKTUBHBIM BHEIPEHHEM MH(OPMALMOHHBIX CUCTEM
(MC) mpaktuyecku BO Bce 00JacTH YEIIOBEYCCKOW IEATEIILHOCTH. B OCHOBE pa3paboToOK
TaKUX CHUCTEM JICKUT KOHIICTIIMs MHTerpupoBanHON uH(popMmarnmonHoi texuonoruu (Fedra,
Jamieson, 1993), Bkirouaromias MPUHIMITBI: KOMITO3UI[HOHHOCTH, €IHHCTBA peaH3alliu
MOCPEACTBOM HCHOIB30BaHUsl YHU(DUIIMPOBAHHBIX CTAaHIAPTOB MH(POPMAIIMOHHBIX PECYPCOB,
TEXHOJIOTUYECKUX U IMPOrPAMMHBIX CPEACTB; OTKPHITOCTH JUIsl Pa3IMUHBIX MOAM(PHUKALUN U
pacUIMpeH TEXHOJIOTUH.

[Ipu cozmanuun MC obGecneunBaeTcsi 00beIMHEHHE Ha (DYHKIIMOHAILHOM YpOBHE 0a3
JAHHBIX, MAaTEMaTHYECKUX MOJEJIEeH M METOJOB pAaCyeTOB, CTAHJIAPTOB M PYKOBOJCTB,
CUCTEMHBIX U IPUKJIATHBIX MPOrpaMM.

Apxurekrypa UC — 3TO B3auMOCBSI3aHHAsl COBOKYIIHOCTb CTPYKTYPHBIX 3JIEMEHTOB
TpeX YypoBHeH: 0a30BOro, (YyHKIMOHAJIBLHO-TEXHOJOTMYECKOr0 M BHeEIIHero. ba3oBblit
YPOBEHb CUCTEMBI IIPEJICTABISAET HAOOP KOMIIOHEHT, OCHOBAHHBIX HA CTaHJapTaX ee CO3aHus
u  (GYHKIMOHUPOBAHMSI [UIsl OOECTEYeHHs] B3aUMOJEWUCTBUSA OTIEIbHBIX COCTaBHBIX
3JIEMEHTOB, a TaKXe Ul MHTerpauuu ucnoiaszyeMmbix B UC uHpopmannonHsix pecypcon. K
OCHOBHBIM KOMITOHEHTaM OTHOCSTCSI:

— Hay4YHO-METOAMYECKas KOMIIOHEHTA, ONpPENENSIomas pekKUM M TEMaTHYECKYHO
HaNpaBJICHHOCTh Pa0OThI CUCTEMBI;

— HH(OPMALMOHHO-TMHTBUCTUYECKAs! KOMIIOHEHTA - €IMHAsl COBOKYITHOCTh TEPMHUHOB,
MOHATUM W CpPeACTB YHU(UKALMU JaHHBIX B CUCTeME (KOJAbl M KOAM(DPHUKATOPHI, S3bIKU
OMUCaHUA U T.11.);

— MPOrpaMMHO-TEXHOJIOTUYECKasi KOMIIOHEHTA, COCTOSIIAs U3 KOHKPETHBIX CHUCTEM
ynpasienust naHHbiME (CYBJl) u reorpadmueckux wuHpopmarmoHusix cucrem (I'YC),
S3BIKOB  Pa3pabOTKH MNPUIOKEHUH U T.M., C MPUMEHEHHEM KOTOPBIX pealu3yloTcs W
COBEPILICHCTBYIOTCS HH(OpMAIIMOHHBIE TeXHONIoruu B camoii UC;

— alnmnapaTHO-BBIYUCIUTEIbHAS KOMIIOHEHTa, IPEACTaBIAomas Cco00H KOMIUIEKC
TEXHUYECKUX CpEeACTB (KOMIBIOTEPHI, MepudepuilHble yCTPOWCTBA, CpEACTBa CBS3M U
YIQJIEHHOTO JOCTYIa), COrJIACOBAaHHBIN MEXAY YYaCTHUKAMH pa3pabOTKU CUCTEMBI;

— OpraHU3allMOHHO-TIPaBOBas KOMIIOHEHTA, OTpa)karollasi KaJpoBbIH acmeKT (TPYIIbI
pa3paboTUYUKOB CHCTEMBI, COMPOBOXACHUS U HCIOJB30BaHUSA), U OMNPEAEINAomas HOPMbI
B3aUMOJCHCTBUS MEXKIy rpymnaMu U paznuunbivu UC.

QYHKIIMOHAIBHO-TEXHOJIOTUYECKUN YPOBEHb B ApPXUTEKTYpE CHCTEMBI 3aHUMAIOT
(GyHKIMOHATBHBIE  TOJCHCTEMBI,  peaIM3ylolle  HH()OPMAIMOHHYIO  JAEATEIbHOCTh
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ompeneneHHoro Buaa. IlomcucreMbl MOTyT pas3ieisaTbes Ha (YHKUMOHAIbHBIE OJIOKH —
3JIEMEHTHI IOJICUCTEMBI, BBINOJHSIOIINE BIIOJHE KOHKpEeTHYHO 3ajnady. Iloacucremsl u ux
OJIOKM CO3Mal0TCS TyTeM pa3paldOTKH COOTBETCTBYIOUIMX MPHIIOKEHUH (IpOrpamMMHO-
TEXHOJIOTUYECKUX CPEJICTB OCYIIECTBICHUS (DYHKIMI CUCTEMBI) HA OCHOBE KOMIIOHEHT, YeM
JIOCTUTAETCS €JUHCTBO CPEJICTB PEATU3ALUN CUCTEMBI.

C 1999 r. B pamkax @eaepaibHON 1eJI€BOM MporpaMmbl «MHUPOBOM OKEaH» CO3/1aeTCsl
Enunas rocymapcrBenHas cucrema uH(popmanuun o MupoBom okeane (ECMMO), riaBHas
LeJIb KOTOPOH — TMOBBICUTh 3(PPEKTUBHOCTh HH()OPMAIMOHHOIO 00ECHeueHUs MOPCKOH
nesirenbHocTr (Enunas cucrema nndopmanuu 06 odctaHoBKe B MupoBom okeane, 2003). B
neasom ECHUMO npencraBiser coOOW  pacnpeiesieHHYI0 CHCTeMy HHGOPMAIMOHHBIX
pecypcoB M TEXHOJIOTHH, OpraHU3allMOHHBIX CTPYKTYp  (eaepanbHbIX  OpPraHoB
UCIIOJIHUTEJIBHON BJIACTH M OOIECTBEHHBIX OOBEAMHEHUH, ClIeUaTu3UPYIOIIHUXCs B 001acTH
POM3BOJICTBA, cOOpa, HAKOIUICHUS, OOpaOOTKM, XpaHEHHs, 3aIIUTHl U PACHPOCTPAHECHUS
uHpopmanuu 06 o0ctaHOBKE B MUPOBOM OKeaHe, (PYHKIMOHUPYIOIIUX B €MHOM IIPAaBOBOM
U uHOOpPMAMOHHOM  TpOCTpaHCTBE UIsi  A(P(EKTUBHOTO  OOECIEYCHUsST MOPCKOU
nesaTeabHOCTH. OCHOBHBIMU CTPYKTYpHBIMU 3j1eMeHTamu TexHosorun ECHUMO sBustoTcs
MOJCHCTEMAa  PACHpPEICNICHHBIX  MH()OPMAIMOHHBIX  pecypcoB W (DYHKIIMOHAJIBHBIC
HPUIOKEHUS.

B Hacrosimee Bpems ECHUMO — »3T0 CHOXHBIM KOMIUIEKC pa3BUBAIOIIUXCS
IPOTrPaMMHO-TEXHOJIOTHYECKUX CPE/ICTB, TO3BOJISIFOIUI paboTaTh C 3JEKTPOHHBIMU KapTaMU
U KOMIUICKCHBIMH 0a3zaMH JaHHBIX, a TaKKe pEelIaTh pPa3JIM4HbIC MPHUKIAIHBIC 3a/a4H,
CBsI3aHHBIE C IPUPOJHOM CPeAOi UCCIeAyeMOro PErMOHa WIIM aKBATOPUH, C UCIIOJIb30BaHUEM
MaTeMaTUYecKux Mopeneil u meronoB. OnHO U3 OCHOBHBIX HampaBieHuid B ECUMO -
pa3paboTka HMH(MOPMALMOHHBIX TEXHOJOTUH IOJYYEHHUs] pa3HOro pPOAA BIIEKTPOHHBIX
cupaBouHbIx nocoduit (ICII), B T.4. 1 mo Mopckoii npupoaHoii cpeae (Bopouuos, 2007).

[TepBbie peanuzanuu DCII — cTatndyeckue, B KOTOPbIX OBUIM 3arpy>KeHbl MaTepUaJIbI,
paccurMTaHHBIE 3apaHee M 3aHECEHHbIE B crenuann3upoBaHHyro 0a3y naHHbIX (CBJ/l) B Buze
KOMILIEKTa Tabmu1l, rpa)uKoB, TEKCTa, METalaHHBIX (CIIPAaBOYHBIX JaHHBIX) U TEMaTHYECKOU
KapTorpaduueckoil ”HpopMauu. ITH MaTepHallbl OJIb30BATENb MOT TOJBKO IPOCMOTPETH U
YTO-TO COXpaHUTh y cebs. Cneayromuii mar B pazButuu DCII — nmonHodyHKIIMOHAIbHbIE
CIPaBOYHbBIE MTOCOOMS, AMHAMMUYECKH paboTarolie KOMIUIEKCHl MpuiokeHnid. EctecTBeHHo,
3t DCII coxpaHstoT B cebe u 3neMeHThl ctatndeckux ICII, ocoOeHHO B YacTH METaJaHHBIX.

Ocoboe mecto B psany OCII 3aHuMaeTr AMHAMHUYECKH (DOpPMHUpPYyEMOE PpPEKUMHO-
CIPaBOYHOE MOCOOME MO MOPCKOW MPUPOAHOM cpele B BHUE 3JEKTpOHHOro atiaca (DA)
«Kmumat mopeit Poccun u kimodeBbIX paiioHoB MupoBoro okeana» (Boponios, 2007).
®opmupoBanue DA Gasupyercs Ha oHON U3 Beaymux TexHosoruit ECUMO - texHonmoruu
MOATOTOBKA DA, KOTOpas B HACTOAIIEE BpeMsl BKIIOYAeT B ceOs MHGOPMAIMOHHYIO 0a3y
(MCXOIHbBIE, pacyeTHble, MOJIEJIbHbIE W CIPAaBOYHbIC JaHHBIE), PACUETHO-MOJEIbHBIN
KOMIUIEKC MPOrpaMM MOJYYEHHUS] PEKUMHBIX XapaKTEPUCTUK U MPOrpaMMbl (hOpMHUPOBAHUS
BBIXOJIHOM mpoaykuuu. OcHoBa DA — 3TO nporpaMMHo-TexHosornueckas cpeaa (CYB/) mis
XpaHeHus, ynpasieHuss u oOpaGoTku naHHeIx U [MC mia dopMupoBaHus BBIXOAHOMN
OPOAYKIMM B BHUAE KapTorpauyeckoro, TEKCTOBOrO, TaOIMYHOTO U TrpaduyecKoro
MaTeprasoB.

Cama TeXHOJIOTHsI COCTOUT M3 JIBYX KPYIIHBIX OJIOKOB: CEpBEpHON M KIIMEHTCKOHN YacTH.
JlomoTHUTETFHO HA CEPBEPHON CTOPOHE MOXKHO BBIJICTTUTH JIOCTATOYHO HE3aBHUCHUMBIN OJIOK
COOCTBEHHO XpaHEHMs JJAHHBIX — CUCTEMY pacIpe/ie/IeHHbIX 0a3 TaHHBIX.

OCHOBHYIO Harpy3Ky IO BBITIOJIHEHUIO 3a]1a4 (POPMHUPOBAHUS BBIXOJHON MPOAYKLIUU B
HACTOJIbHOM BapHaHTE HECET, KOHEYHO, KJIIMEHTCKas 4acTb. 1 3T0 BIOJIHE cripaBeUINBO, TaK
KaKk B psjie CIIydaeB Mbl MOXEM aOCTparupoBaThCsl OT CEPBEPHOM YacTH, OT JAHHBIX U
BBINOJIHUTh HEKHI BUJ paOOT HE3aBHCHUMO, MOJIB3YSICh TOJIBKO HACTOJIBLHBIMU IPOTPAMMHBIMU
CpeICTBaMHU.
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B nenom, BblyckaeMmblii B HACTOsIEE BpeMs AJIEKTPOHHBIM atiac «Kimmar mopeit
Poccun u  KmoueBbIX paiioHOB MMpOBOro oOkeaHa», JOCTYNHBIM IIOJIB30BAaTENsIM Ha
opunmanienom  mopraie  ECHMMO  (http://data.oceaninfo.info/atlas/index_atlas.html),
IpPEJCTaBIseT COOOM  PEXUMHO-CIPAaBOYHOE IOCOOME, COnAepiKallee CBEOCHHUS O
KJIMMaTHYECKUX XapaKTEPUCTUKAX MOPCKOM Cpenbl, KOTOpbIE IOJY4YEHBl 3a IOCIEIHUI
TPUALIATUICTHAN IEPHOL,.

CocraB napaMeTpoB, OCBelllaeMbIX B DA: a) TemiiepaTypa BObl, COJICHOCTb, IJIOTHOCTb,
CoZlepKaHue KUCIIOPO/a, CKOPOCTh 3BYKa IO JIAaHHBIM HaOJIIOJCHUH Ha OKeaHOrpaduuecKux
cTaHiusx; 0) TemmepaTypa BO3/1yXa, CKOPOCTb BETpa, BBICOTa BETPOBOI'O BOJHEHHUS II0
CYAOBBIM METEOJAaHHBIM; B) TeMIlepaTypa BOJIbl, TEMIIEpPAaTypa BO3/yXa, COJIEHOCTb, YPOBEHb
MOpsl, CKOPOCTb BETPA, BHICOTA BOJIH 110 JAHHBIM MPUOpEXHBIX U ocTpoBHBIX ['MC. YpoBeHb
00001eHus: MHOrojeTHUH Mecsl. HamonHeHue: »1IeKTPOHHBIE KapThl paclpenesieHus
MapaMeTPOB 110 AKBATOPUH; TAOJIHUIIBI CTATUCTHK; TPa(QUKH, TEKCTOBAS YacCTh.

Coznansbiii Ha ocHOBe ['IC-texnonoruit B ECUMO 3neKkTpoHHBIN atiac o MOPCKOM
IIPUPOTHOMN cpene Kacnuiickoro MOps u PUOPEKHBIX TEPPUTOPUI
(http://data.oceaninfo.info/atlas/Kasp/index.html) mo3Bonmi monydnTh Ha OCHOBE MCXOIHBIX
JAHHBIX MaKCUMaJIbHOM MOJIHOTHI HOBBIE OIIEHKM KIMMATHYECKUX XapaKTEPUCTHK, BKIIIOYas
XapaKTepUCTUKU H3MEHUYMBOCTH KJIMMara [0 OCHOBHBIX THMAPOMETEPOJOTHYECKUM
napaMerpaM, a TaKKe OLEHKM TPEHJAO0B BaXHEHWIIMX [apaMEeTPOB Ha MPUOPEKHBIX
TMJIPOMETCTAaHIMAX. XapaKTepHOH OCOOEHHOCTbIO M3MEHYMBOCTH KJIMMaTra B IIOCIIEIHHE
NECSITUJIETUS]  SIBJIIETCSl IOBBILIEHUE TEMIEpaTypbl BOJbI, IOBBIIIEHUE YPOBHS MOpS,
yMeHblIeHus: cosieHocTd. Haunbonee 3HauMMbl 3TH M3MEHEHUs NposBistoTcs B CeBepHOM
Kacnuy, mpuyeM cKopocTb M3MEHEHHUS HMMEET TEHICHLMIO K IOBBIIIEHHIO B IOCIEIHHE
JECSTUIIETHS.

OpHoll U3 BaKHEHWIIMX XapaKTEPUCTUK THapoJiorndeckoro pexxuma Kacnus sBisercs
ypoBeHb Mops. Ilox nelictBueM Lenoro psaa acCTPOHOMHYECKHMX, T'MIPOAMHAMHYECKHX H
TUIPOMETEOPOJIOTUYECKUX (DAaKTOPOB Pa3IMYHBIX BPEMEHHBIX MacliTabOB OH MOABEPKEH
3HAYUTENbHBIM  MEPUOJUYECKHM M  HENEepUOJUYECKUM  (CIydallHbIM)  KOJIEOaHMSM.
HaubGonpmmii pazmax B MenkoBogHoMm CeBepHoM Kacnuu MMEIOT CroOHHO-HaroHHbIE
Kosie0aHus, MOCJIEACTBUS KOTOPbIX MOT'YT HOCUTh KaTacTpopuueckuil xapakrep. K menee
3HAYUTENIbHBIM 10 pa3Maxy KoJIeOaHMSIM OTHOCATCS CE30HHBIE U MHOTOJIETHHUE H3MEHEHMS
YPOBEHHOU MMOBEPXHOCTU MOPSI.

JUis OLEHKM MHOTOJIETHEM M3MEHYMBOCTU YpPOBHS Ha 0a3e TexHoyoruid DA ObLIn
IIPOBEJIEHBI pacyeThl TPEHAA MHOTOJETHETO XO0Ja CPEIHErOZOBBIX BBICOT YPOBHS MOpsS Ha
ceTH MNpuOpexHbIX TuapoMereoposiornyeckux craniui (I'MC). Hcnonb3ys TEXHOJIOTHIO
¢dopmupoBanus DA, ObUIM MPOBEAEHBI PabOTHI MO KOHTPOIIO MCXOJHBIX JaHHBIX Ha Y4eT
W3MEHEHUsS «HYJS TOCTa», MO3TAIMHOE OCpeIHEeHHME NaHHbIX HaOmoaeHuin Ha ['MC/I'MII,
pacueT pazIuYHbIX CTATUCTHUUYECKUX XApaKTEPUCTHK M IOJYyYEHHE BBIXOJHOW MPOAYKLHU B
TabiimyHOM U TpaduyeckoM BUAax. llpm 3TOM pacueTsl TPEHIIOB MPOU3BOIMINUCH IO
metoauke (Boponios, 1990) Ha 0cCHOBE BpeMEHHBIX PSIJIOB CPETHETOIOBBIX 3HAYCHUN YPOBHS
MOp#, TOJTyYE€HHBIX, B CBOIO OYepellb, 110 JaHHBIM CpouHbIX Habmoaenuit Ha 'MC 3a 1977-
2008 rr. Pe3ynprarsl pacueToB IPUMEHUTENBHO K CTaHIMK 0. TroJIeHni pruBeIeHbl Ha puc. |
(cpenHee, KBapTHIIN, IKCTPEMYMBI) U 2 (TpeH[).
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YROBEHL MOPA
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+ MIN o X 025 + CpepHee  X_0.75 + MAX

Puc.1. Muoronetuuit xon yposas mopst Ha T MC o.Tronenuit
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Puc. 2. Tpenun ypoBusa Mopst Ha 'MC o.Tronennii

[Tpumep MHOTOJETHETO X0/1a YPOBHSA MOpPS Ha CTaHIMM Maxauykayia MpHUBEICH Ha PHUC.
3. 3a muoronetHu#t nepuoa (1977-2007 rr.) MOJIOKUTENBHBIA TPEH YPOBHS MOPSI COCTaBHII
200 caHTUMETPOB.
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Puc. 3. Cpennee 3HaueHue u TpeHp ypoBus mopst Ha 'MC Maxaukana

3akJ/roueHue

Takum o00pazomM, Ha OCHOBE MPUMEHEHHs HOBBIX TEXHOJOTUH DA mOSBUIACH
BO3MOXXHOCTh IIPOBEJICHUS IOJHOLEHHOIO aHajlu3a KIMMaTHUYeCKON W3MEHYMBOCTH IO
aKTyaJbHbIM MaTepUajIaM.

Heo0xo1muMo OTMETHUTD, YTO 3JEKTPOHHBINA aTiiac HAaXOAUTCSA B OCTOSTHHOM Pa3BUTHUHU.
B Hactosimiee Bpems pa3pabaTbiBaeTCs HOBas BEpCHs ariaca, MPEeACTaBISIONIAs €ro Kak
KOMIUIEKCHBIN, TMHAMUYECKH OOHOBJISIEMBIN, T€OMH(DOPMAIMOHHBIN pecypc 00 00CTaHOBKE B
Mopsix Poccum, KOTOpbIi 0OBenMHSAET TEMAaTHYEeCKUE IPOCTPAHCTBEHHbIE JaHHBIE,
MOCTYIAIONIME OT pa3HbIX BEAOMCTB W OpraHW3aluid, TOJ €AUHOW BeO-000JI0UYKOH,
HAaCTPOEHHOW Ul MHTEPAKTHUBHOIO B3aMMOJEHCTBUS IOJIB30BATENs C MPOCTPAHCTBEHHBIMU
naHHbIMU.  [IpUHIMNHMATBHO  HOBBIA  TMOAXOJA, peanu3yembli B DA Onaromaps
TEJIEKOMMYHUKALIMOHHBIM TEXHOJIOTHUSAM, AA€T BO3MOXKHOCTH JIEMOHCTPALMU OINEPATHBHBIX
JAHHBIX, MUHUMAJIbHBIA BPEMEHHOW Jilar OOHOBJIEHUS KOTOPBIX MOYKET COCTaBJIATH 3 yaca
(HampuMep, omepaTHBHbIE JaHHbIC HAOMIONEHUH, MOCTyHamoolue KaK €O CTallMOHAPHBIX
IIOCTOB, TaK U € Apel(yOUIX CTaHIHM).

OcHoBuble ¢yHkuuu [UMC-Atnaca — mnojyyeHMe CHpPaBOYHOM, OIEpaTHBHOM,
aHAJIMTUYECKOW WM MPOrHOCTUYECKOW HMH(OpMAMM MO O0OBEKTaM MOPCKOW cpeabl WM
MOPCKON JESITEIbHOCTH B PEAJIBHOM PEXUME BPEMEHHM B COYETAaHUU C BO3MOKHOCTHIO
No0aBIsATH Ha KapTy COOCTBEHHbIE JaHHblE — B KOHEYHOM HTOre MpeaycMaTpUBaIOT
nojrydeHrne MHQPpOpMaIuH 1o 000N MOPCKON aKBaTOpUU M/MIIHM MPUOPEKHON TEPPUTOPHH B
BHJIC TpUAJbl: 00001IeHNne (KIUMAT) - TeKyIlee COCTOsIHUE (aHaiM3) - TPOTHO3 (0XKHIaeMoe
COCTOSIHHE).
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METO/J UCCJIEJOBAHUS U TIPOT'HO3UPOBAHUSI CTOHHO-HAT'OHHBIX
SIBJIEHUUM B KABAXCTAHCKOM YACTHU KACITUMCKOI'O MOPSI C YYETOM
N3MEHSAIOINXCSA BOJHOBAJTAHCOBBIX XAPAKTEPUCTHUK

Haranps UBkuHa
Pecnybnukanckoe rocynapctBernnoe npennpusarue «Kasrunpomer», Anmarsl, Kazaxcran
Ten.: +7 7272 542263, daxc: +7 7272 676464
n_ivkina@mail.ru

AHHOTANHUA

JlaHo omumcaHme XapakTepa OIACHBIX BETPOBBIX CTOHHO-HATOHHBIX SBIIEHHH B Ka3aXCTaHCKOM
cexrope Kacnmiickoro Mopst ¥ MeTo/1a X MPOrHO3upoBaHus. [IpeacTaBieHa aBToMaTUYECKasi CHCTEMa
MPOTHO3UPOBAHUS, OCHOBOH KOTOpPOW SBISETCS TUAPOAMHAMEUecKuid Monyib moxenu MIKE 21,
paspaboranHoii B JlaTCKOM THAPAaBIMYECKOM MHCTUTYTE M aJalTUPOBAHHON Ka3aXCTaHCKUMH
CIICIUATUCTAMH K MEJIKOBOAHBIM YCIOBUAM Kacnmuiickoro Mopsi.

Beenenne

N3ydyeHne BETPOBBIX HarOHOB U CTOHOB, BO3HMKAIOIIMX IIOJ JECHCTBUEM KacaTEIbHbBIX
HaNpsHKCHUH BeTpa Ha BOJHYIO TOBEPXHOCTh, MMEET OOJIbIIOE 3HAYCHWE ISl MO3HAHUS
3aKOHOMEPHOCTEN TUHAMMKH BOJ, & TaK)K€ NIl PEIICHUs NPAKTUYECKUX 3a/1a4, CBA3AHHBIX C
yIpaBJIeHUEM MTPHOPEIKHON 3HOM.

Jns mwenbda HenpunuBHoro Kacnuiickoro Mopsi OCHOBHBIM BHJIOM KOJIeOaHUI ypOBHS
BOJIBI SIBJISIFOTCS CTOHHO-HArOHHBIE SIBJICHUS aHEMOOApUYeCKOTO MPOUCXOKICHUS, IPH
KOTOPBIX 32 KOPOTKHH MepHo (HECKOJIBKO YacOB) YPOBEHb MOXKET U3MEHHUThCs Ha 1,5-2,5 m.
Oco0OeHHO onacHBIMU SIBISIIOTCS HAroHbl B OTMENBIX pailoHaX MOps € HU3MEHHBIM
noOepexxbeM, Ha KOTOPOM OHH BBI3BIBAIOT HAaBOJIHEHUS (puc. 1).

Puc. 1. HaBomHenne Ha ceBepo-BocTOYHOM Oepery Kacmuiickoro Mopsi B pe3ylibTare OIacHOTroO
HaroHa
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OcHoBHasi 4acTh

CraTucThka CrOHHO-HAarOHHBIX ABJIEHUH B ceBepo-BocTouHOM Kacnuu (mo nanasiM MIT
[TerHO#) MOKA3BIBAET, YTO B CPEAHEM B MECSII IPOUCXOANUT 3-5 HArOHOB U 5-6 CTOHOB BO/IBI
pa3nuM4HON MHTEHCHBHOCTH. Hambombiias yacToTa M BhICOTa HAarOHOB B 3TOM 4YacTH MOPS
OTMEYAIOTCS OOBIYHO BECHOW W oceHblo. [logbem ypoBHS Mops A0 | M BO3HHMKaeT Mpu
ckopoctu Betpa 10-15 M/c m mpomomxkutensHocTH oT 10-12 wacoB mo 1-2 cytok, a mpu
CWJIBHBIX BETpax CO CKOpocThio 15 - 25 m/c BricoTa Harona moxer gocturath 1,0 - 1.5 M u
6oree.

Pacnipenenenne HaroHoB BHYTPH roja MMEET CBOK 3aKOHOMEPHOCTH, CBS3aHHYIO C
NeproJaMi BOSHUKHOBEHHSI IITOPMOBBIX BeTpoB. CpeHssl BRICOTAa HATOHOB B MHOT'OJIETHEM
paspese usmensercss ot 50 no 70 cMm. Hanbonee BbICOKHE peaKoil MOBTOPSEMOCTH HAaroHbI
XapaKTepHbl B OCHOBHOM JIJIs1 BECHBI U OCEHH, HO TaK)K€ MOTYT HAOJIIOAAaThCs B HAUaJIe 3UMBI.
OOmiast MpOAOIKUTENFHOCT HAaroHOB M3MeHsieTcs oT | cyrok nmo 2 - 3 Henmenb. Bpews
noabeMa ypOBHS JO HAWBBICIIEH OTMETKM — OT HECKOJbKMX 4YacoB a0 10 nHel, a ero
NPOJIOJDKUTEIBHOCTh CBsizaHa ¢ (opmoi ruaporpada yposus (MBkuna, 2003; Illusapesa,
2006).

He menbryro omacHOCTh i MOOEpEXbs MPEICTABIAIOT CrOHBI BOAbL. [lpu cronax
nagenue ypoBHs Mops B CeBepHom Kacnuum moxer npocturath 2,5 M. DTO HNPHUBOIUT K
HapyIICHUIO PAa0OTHl BOA03a00pOB, OOMEJICHHWIO MOPTOBBIX AKBATOPUA M CYHOXOTHBIX
MOpPCKHMX KaHajOB, COKpAIEHHUIO IUIOMIaJed HEPEeCTWIMIN W IUIOMIaJiell Haryina IEHHBIX
MIPOMBICIIOBBIX PBIO, B TIEPBYIO OYEpPEb — OCETPOBBIX, H3MEHEHHIO JTAHIAPTHONW CTPYKTYPHI
MPUOPEXKHBIX TEPPUTOPUIA, OMYCTHIHUBAHUIO MPUOPEKHBIX pailoHOB. B oTkpwITOI Oonee
OTJIaJICHHON OT Oepera 4acTh MOps MPU 3HAUUTEIBHBIX CTOHAX YXYAIIAIOTCS YCIOBHS IS
MPOX0/ia CYAOB, ¥ OHU UAYT C HEJOTPY3KOM.

Crnenyer OTMETUTh, UTO CTOHHO-HArOHHBIE KOJICOAHMS HAKJIAJAbIBAIOTCS HA CE30HHBIC U
MHOTOJIETHUE KOJIeOaHHsI YPOBHS, OOYCIIOBJICHHBIE TJaBHBIM 00pa3oM H3MEHEHUS BOJHOTO
Kacnusi. B pesynbprate MUHUMAaNbHBIE OTMETKH YPOBHSI MOPS MPU CrOHAX HaOJIOMAIOTCS B
MEePUOIbl HU3KOTO CTOSTHUSI YPOBHSI MOPSI U PETPECCHH, a MAaKCUMAalbHbIE OTMETKH YPOBHS
MOPsI TIPU HaroHaxX — B TIEPHOJIbI BEICOKOTO CTOSIHUSI YPOBHSI MOPS UJTK TpaHCTpeccuu (puc. 2).
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Puc. 2. HanoxeHre croHHO-HaroHHBIX KOJICOAHWH HAa MHOTOJIETHHE ((POHOBEIE)
n3MeHeHus ypoBHs Kacruiickoro Mopst
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Anann3 maHHpIX HaOMrogeHudl Ha o. [lemrHol, mokaszaa, 4TO HauOOJBIINE BBICOTHI
HaroHHBIX BOJH B JaHHOM paiioHe ObutM 3adukcupoBanbl B mae 1990 r. (1,45 m), nexabpe
1991 r. (1,29 m), B utone 1996 r. (1,19 M), nexabpe 1998 r. (1,0 m), arpene 1999 r. u 2000 r.
(1,29 Mm 1 1,72 M COOTBETCTBEHHO).

3a mocneaHue 5-7 JeT B Ka3aXCTAHCKOM CEKTOPE TakKe OBLIM OTMEYEHBI KPYITHbIC
HaroHsl cienyromei narencupHoctr (MBkuna, 2008):

- 27-29 ampens 2001 r. mpu BTOPKEHUHU 3aMaJHBIX BETPOB CO CKOpOcThio 20 M/c ObLI
chopmupoBan HaroH Beicotoi 0,8 M (oTMeTKa ypoBHS MOps - MuHYC 26,4 M BC);

- 3-14 mapra 2002 r. roro-3amnajgHbie BETPbl BBI3BAIU MOIBEM YPOBHS MOPS 10 OTMETKU
munyc 26,36 m BC (BeicoTa Harona — 0,94 m);

- 29 ampens - 3 mas 2003 r. Habmronancs Harod BeicoToi 0,8 M (Munyc 26,5 m BC);

- 5-6 anpens 2004 r. — 0,96 m (oTMeTka ypoBHs Mopsi - Munyc 26,04 M BC);

- 28 anpens -1 mas 2004 . B paiione nocra XKambaii 3aperucTprupoBaH OMACHBIA HATOH.
B pesynprare BO3IEHCTBHS NPOJOJDKUTEIBHOIO IOr0-BOCTOYHOIO BETpPa YPOBEHb MOps
nozHsics Ha 0,98 M u noctur otMeTku Munyc 25,72 M. CoryiacHO JOHECEHUIO AThIpayCKOro
LII'M, Tonbko 6marogaps ToMy, 4to mocénok YKambaii co cTopoHbl Mopsi 0OHECEH 1aMO0ii ¢
OTMETKOH BbIllie MUHYC 24,0 M, 3aTOIJIEHUS ¥ pa3pyLICHUI B TaHHOM pailoHe HE OTMEYEHO.

- 23-24 okta0ps 2004 r. B paiioHe OT JeNbTHI p. Ypall 10 Mbica ByphIHIIUK MPOU30IIEN
LITOPMOBOM HaroH MOPCKON BOJbl, KOTOPbII HPEBBICHII 0CO00 OMACHYI0 OTMETKY (MHUHYC
25,9 m).

- 23-24 wrons 2005 r. Ha BocTtouHOM 1ooepexbe CeBepHoro Kacmus B paiioHe OT yCThst
p. OMObl 110 3anmuBa Komcomornery B pe3yibTare YCHJIEHHs 3alaHOro BETpa MPOM30LIEN
0c000 OMAacHbIIl HATOH MOPCKOM BOJIBI C IOBBIILIEHUEM YPOBHs MOpst Oosiee ueM Ha 2,0 M.

- 5-18 oktsa0ps 2005 1. 10ro-BOCTOYHBIE BETPHI BBI3BAIHM MOABEM YPOBHS MOpsS 0
OTMETKH MUHYC 26,64 M BC (BbicOTa HaroHHo BosIHbI cocTaBuia 0,76 m).

- 5-10 anpens 2006 r. npu NPOAOKUTENTEHOM BO3/I€HCTBUH CHIIBHOTO FOT0-BOCTOYHOTO
BeTpa Ha ceBepHoM mnoOepexbe CeBepHoro Kacnus 10 anpenst chopmupoBasics OmacHbI
HaroH MOPCKOM BOJBI C MOBBIIMIEHUEM YPOBHS MOPS 10 CPAaBHEHUIO C IPEIIECTBYIOLIUM Ha
80 cm, uto OBUTO 3adukcupoBaHo Ha mocty JKambail. [Ipon3onI0 MOATOIIIEHUE KUIIBIX
JIOMOB ¥ X039MCTBEHHBIX IIOCTPOEK.

- 18-22 anpens 2007 r. B paiioHe o. [lenrHo# nmpon3onien HaroH ¢ MOABEMOM YPOBHS
JI0 OTMETKH MHUHYC 26,5 M, 4TO BBI3BAJIO TOATOIUIEHHE AOMOB B nocenke Ilemnoi.

- 17-18 ampens 2008 r. mpou3zomien NOIbEM YPOBHS MOpPS BBIIIE OMACHOH OTMETKH.
OnacHoe noseiieHue ypoBHs Mops Ha 100 cM 10 oTMeTkM MHUHYC 25,85 M, BBI3BaHHOE
BO3/ICIiCTBMEM CHJIbHOTO BeTpa (Oosiee 10 m/c) ycTOHMYMBOrO BOCTOYHOI'O HampaBieHUS,
ObU10 3a(UKCUPOBAHO Y CEBEPHOro nmodepexps 18 anpens Ha nocty XKambai.

B 2009 r. BesBneH 21 cioyyail co CTOHHO-HAarOHHBIMM CUTYallUsSIMH, U3 HUX 6 ciaydaeB
noxbEMa ypoBHsSI MOps 10/ BO3AECMCTBUEM BETpa A0 U BbIIIE KPUTHUUECKON OTMETKH MHHYC
26,60 M ObuM OTMeueHBl y BocTouHOro nooepexnsi CesepHoro Kacmusi B paifoHe mocra
Kanamkac.

B 2010 r. B CeBepHom Kacnuu mnpu BeTpOBBIX CrOHHO-HaroHHbBIX KOJICOAHUSX
YPOBEHBb MOBBIIIAJICS IO OTMETKH MHUHYC 26,38 M M MOHMKAJCSA 10 OTMETKH MHUHYC 27,83 M.
B Becennmii mnepmon, Ha (oHE BBICOKOTO CTOSIHUA (DOHOBOIO YPOBHS MOps U
MPOJIOJDKUTEIIEHOM — BO3JIEHCTBUM CHJIBHOTO — IOro-3amagHoro Berpa (Gomee 10 wm/c),
3apuKcUpOBaH Cilydail C ONMAcHBIM BETPOBBIM HAaroHOM MOPCKOH BOJIBI Ha BCE BOCTOUHOE
nobepexxbe. 24 Masg B paiioHe moctra Kamamkac ypoBeHb MOpsI MOBBICHIJICS /10 ONACHOMN
OTMETKH — MUHYC 26,38 M. OnacHast HaroHHasi CUTyalus coxpassiacs 10 29 mas. C 15 no 22
HIOHS B pailoHE BOCTOYHOTO TMOOEpPEkKbs, MO JaHHBIM HaOmofeHui Ha mocty Kamamkac,
IIPOM30LLIO ONAacCHOE CTOHHOE IOHMYKEHUE YPOBHA Ha 1 M.

Kak cnemyer W3 NpUBENCHHBIX INPUMEPOB, CTOHHO-HArOHHBIC SIBJICHUS SIBIISFOTCS
npobaemMoii, 6e3 pemeHus: KOTOpOH HEBO3MOXKHO pa3padaThiBaTh IUIAHBI 1O CTPATETHH B
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HETPEeABUICHHBIX OOCTOSTENBCTBAX B CIIydasx 3aroruieHus. HeoOXomIuMo OTMETHTH, YTO B
COBPEMEHHBIX YCJIOBHUSAX IPHU BBICOKOM CTOSIHUM ypoBHsA Kacmmiickoro mops (110 JaHHBIM
Pocruapomera B 2009 r. o coctaBui Munyc 27,15 M) Harousl gaxe 6osiee 40 CM BBI3BIBAIOT
3aTOIJICHUE NPUOPEKHBIX TEPPUTOPUI, HAHOCA CEpPhE3HBIH ylepOd XO3AHCTBYIOIIMM
oobekTaM. [l03TOMY COBEpIIEHHO OYEBHIHO, YTO XApPAKTEPUCTHKH HATOHHBIX SBICHUN
HE00XO/MMO YYUTBIBATh IIPU OCBOCHMM U HCIOJb30BAaHUS NPUOPEKHOM 30HBI, a TAKKe IpPU
IUIAHUPOBAHUM U IIPOBEJECHUU NPUPOJOOXPAHHBIX MEPONPUATUM, CBSI3aHHBIX C KOHKPETHBIM
MOPCKUM 0accerHOM.

Wzyuenune TpanchopMal MOPCKUX CTOHHO-HAaroHHBIX BOJH B MPHOPEXKHOH 30HE U
JVMHAMUKNA HakaTa Ha Oeper M OTpPaK€HHUs IPEJCTaBISAeT KaK TEOPETHYECKHH, TaK u
MPUKIIAQJIHON MHTEepec. BHUMaHue K MPaKTHYECKOW CTOPOHE 3TUX 3a7ad OOYCIIOBIIEHO TEM,
4YTO 3aToIuIeHHWe Oepera HAaroHHbBIMM BOJAMH 4YacTO BbI3bIBAET KaTacTpoduueckue
nocneacTsus. [1o3Tomy npu NpOEKTHPOBAHUM U 3AIMUTE THIPOTEXHUUECKUX U TPAKIAHCKUX
COOPYKCHMM Ha OJHO M3 LEHTPaJIbHBIX MECT BBIJBUTAKOTCS IPOTHO3BI YPOBHS MODS,
[IOJIyYUEHHbIE C IIOMOULIbIO YHCIEHHOTO MOJEIUPOBAaHUSA, KOTOpPOE C pa3BUTHUEM
BBIUUCIIUTENILHOW TEXHOJIOIMH U YUCIIEHHBIX METOJIOB CTAHOBUTCS Bce 00Jiee COBEPILICHHBIM.

B mnacrosmiee Bpemss HaubOosee mnoaxopsiield (QU3MKO-MaTeMaTUYECKOW MOJENbI0
U3YYEHHs IIpOoLecca HAaKaTa M OTPAXEHMs BOJH SBIAIOTCA THMAPOAMHAMMUYECKUE YPaBHEHMS
Menkoi Bojibl. CUCTEMa MMEHHO TaKHUX ypaBHEHHUH pelaeTcsl THIPOJMHAMUYECKUM MOIYJIEM
moaenn MIKE 21, paspaborannoii B JlaTckoMm ruapasiauueckoM umHcTutyTe (Abbott,1991;
Jensen, 1991) wu apmantupoBaHHOM K MenKoBOAHBIM ycioBusiMm CeBeprnoro Kacmus
cnenuanucrtamu  Kasrugpomera. Orta  Mozaenb  SABISETCS  CTPYKTYPHBIM — DJIEMEHTOM
TEXHOJIOTUYECKON JIMHUM ONEPATUBHOW CUCTEMBbI IPOTHO3UPOBAHUS IITOPMOBBIX HAarOHOB C
3a0siaroBpeMeHHOCThI0 10 120 uyacoB. Cuctema MO3BOJSET IOJy4yaTh IO KaHaldaM CBS3U
METEOpoJIOTHUECKy0 MHpopMmanuto u3 EBpomeiickoro LleHTpa cpeqHecpOYHBIX MPOTHO30B
noros! (BennkoOpuTanus), ruIpoIOrHYecKylo — ¢ Ka3aXCTaHCKUX cTaHIMi Ha Kacnuiickom
Mope, 00pabaTbiBaTh €€ U B KpaTyallllMe CPOKHU COCTaBJISATh BCE HEOOXOIUMBIE MPOTHO3HI.
Vcnonb30BaHue METEOPOJOTHUECKUX MPOTHO30B IO3BOJISIET 0O0ECHEeUnTh YHpexKJaroliee
MOJIETMPOBAHUE BO3MOXKHBIX MOCIEICTBUNA OT IITOPMOBBIX HATOHOB.

JlaHHas cucTema yCHEIHO BHeApeHa B onepatuBHyro npakTuky PI'TI «Kasrumpomer»,
I7Ie ©XKEJHEBHO NPOBOAUTCA pacyeT YpoBHS Boabl Kacnuiickoro Mopsi Ha OCHOBE
uHpopMaluu o BeTpe 1 atMochepHoM aBieHuu, noaydaemom u3 ELICIIIL.

[IporHo3sl ypoBHsSI BOJBI cocTaBisitoTca Juisl mectu nyHKToB CeBepHoro Kacnus u
yerelpex — Cpeanero Kacnusi, BbIOpaHHBIX TakUM 00pa3oM, 4YTOOBI YYHUTBHIBAIHMCH
Mop(domeTpuyecKkue ycioBUsa U clienu(puKa CHHONTUYECKUX MPOIECCOB, pPa3BUBAIOIINXCS B
3TOM PETHOHE U HaJIM4YMe eXEeIHEBHOW rupoMeTeoposiorndeckoil nHpopmanuu. HauanbHblii
YpOBEHb MOpS OIpeAeNseTCs M0 TaHHBIM HaOJII0JIEHUI Ha CETH, MOCTYHAIOUINM 10 KaHallaM
cBs13u. Ecnu paccuntaHHBIN YpOBEHb MOPS JOCTHTAaeT OTMETOK, OJIM3KMX K BO3HHUKHOBEHUIO
KPUTHYECKHX, OMACHBIX U 0CO00 OMAacCHBIX HArOHOB M CTOHOB, BBIITYCKAETCSl MPOTHO3 YPOBHS
MOps U LITOPMOBOE IPEAYNPEKIECHNE O CTCOHHO-HArOHHBIX SABJICHUIX. Dopma npencTaBieHus
MPOTHO3a: TEKCT, TpauK XOJa YpOBHS Ha KaXIbld 4ac ¢ 3abJaroBpeMeHHOCThIO 120 wu,
MPEIYNpexIeHUE O BOBMOXKHBIX MOCIEACTBHX (3aTOIUIEHUE, pa3pylleHue 1aM0, yXyAlIeHne
YCIIOBUH TUIaBaHUS).

JUig ynydiieHus KayecTBa pacyeTa YpPOBHS BOJbI C NMPUMEHEHMEM MOJEIN HaroHOB,
YUUTBHIBAIOTCS €XKETO/IHbIE KOJIeOaHUs YPOBHS BOJBI U ce30HHas cnenuduka. s 3toil uenu B
MOJIENIb BKJIIOUEHBI CPEHHE BEJIMYMHBI OCHOBHBIX 3JIEMEHTOB BOJHOIO OanaHca (peyHOro
MPUTOKA U BUAMMOIO UCHIAPEHNUS) U MHPOPMAIIHS O JIEJOBBIX YCIOBUSIX.

Jlnist BBOJIa B MOZIEITh IIPUTOKA PEK OB pACCUUTAH CPEIHUNA MPUTOK BOJBI 3 MOCIIECAHNE
JECATh JIET M ONpPENEICHBl MOJEIbHBIE KOOPAMHATHI ISTH, TaK HAa3bIBAEMBIX, UCTOYHHUKOB.
Tak kxak pexu Tepek u Camyp HaxOIATCA PSIIOM, TO UX MPUTOK OOBETUHEH B OMH UCTOYHHUK.
be3ycnoBHO, uTO A1 mosydyeHUs: Oojiee TOYHOM OLEHKH IMPUTOKA, HEOOXOAWMBI JAaHHBIE
(baKTHUECKOro MPHUTOKA M €ro MPOrHo3a 3a0JIarOBPEeMEHHOCTHIO 10 5 CYTOK Ha €XeTHEBHOMN
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ocHoBe. OnHaKO Ha MOMEHT COCTaBJIEHHMS IPOrHO3a IONY4YUTh TaKHE JaHHbIE IS
Kacnuiickoro Mopst He IpeACTaBIsIeTCs] BO3MOXKHBIM.

[TosToOMy OBIIM TPOBEICHBI MCCIECIOBAHUS W YCTAHOBJICHBI PsIbI MHOTOJIETHETO
pPEYHOr0 IPUTOKA OCHOBHBIX pek B Kacmuiickoe Mope, MpHU BBIIOJHEHUU YCIOBUS, YTOOBI
BPEMEHHOE pa3pelIeHUEe XPOHOJIOTHYECKUX psI0B OBUIO HE MEHee OJHOr0 MecsIa.
CoBeplIEHHO OYE€BUIHO, YTO BBOJ B MOJEIb TOJBKO XAPAKTEPUCTUK PEYHOIO IMPHUTOKA
IPUBENET K WCKAKEHUIO BOAHOIO ypoBHSA. IlosTomy crienyromed 3anadeil mo yaydlnieHHIO
Ka4yecTBa IIPOrHO30B CTall BBOJ B MOJEIb PACCUUTAHHBIX BEJIUYMH “BUAMMOIO” HCIAPEHUS
(ocanku 3a BbluEeTOM HcnapeHus) ¢ nosepxHoctu Kacmnwmiickoro mops. Ilockonbky Monenb
IITOPMOBOI'O HaroHa He IpeJHa3HaueHa JAJIs MOJCIMPOBAHUS AJIEMEHTOB BOJHOro OanaHca,
BPEMEHHBIE PAJbl HUCIAPEHMsI pacCUMTaHbl [0 MOJEIU BOJHOro OanaHca, pazpaboTaHHOMN
Po6bunom Bapmnoy (OauHOypckuit yHuBepcuter BenmukoOputanun) B pamkax Kacmnwmiickoi
sKkostoruueckoii mporpammsl (Mercen, 2002). B kadectse (oroBoro yposus Kacrmiickoro
MOpSI UCIOJIb30BAJICSI COBPEMEHHBINH YPOBEHb, PaBHbIM MUHYC 27 M, KOTOPbII B JaibHENIIEM
MOYXeET OBITh MOAU(DUITUPOBAH.

Eme oaHoll BakHOW XapaKTEpUCTHUKOH, KOTOPYIO HEOOXOAUMO YUYUTHIBATH JUIS
yJIydllIeHUs] KayecTBa pacyeToB, SIBJAIOTCA JenoBble ycioBus. Kak m3BectHo, Kacnuiickoe
MOpE OTHOCHUTCS K MOpPSIM C CE30HHBIM JIEJIOBBIM IIOKPOBOM U OTJIMYAeTCsl OOJbLION
HEOJIHOPOJHOCTBIO PAa3BUTHS JIEAOBBIX IIPOLECCOB U3-3a PAa3IMYHBIX KIMMaTHYECKUX
yCIOBUH B pa3HbIX dacTsaX Mops. B 3aBucuMoctu oT ocoOeHHOCTeH — aTMOc(epHBIX
IIPOLIECCOB, Pa3BUBAIOLIMXCS HAJl MOPEM, CTEIEHUM aHOMAJIUNW TEPMUYECKUX YCIOBUU B
npea3umbe U 3uMoii, Ha Kacnuiickom mMope ¢opmupyercsi cBoeoOpa3Has s KaXJI0ro roja
nenoBas oOctaHoBka. Jlenosbiii nepuoa B KacniuiickoM Mope 0XBaThIBa€T TPU €CTECTBEHHO-
CUHONTHYECKUX CE30HA: OCEHb (IIPEI3UMBbE), C OKTAOPS MO JeKadpb; 3UMY - C SHBaps M0 MapT
U BECHy — C KOHL@ MapTa mo Mail. AHaJIu3 JMUTEpaTypHbIX MCTOYHUKOB U HATYPHBIX
HaOmroneHuii mokasan,uto CeBepo-BocTouHblil Kacnmit sBasercs paiionom co 100 %
BEPOATHOCTHIO 00PAa30BaHUsI JIbAA B TEYEHUE XOJIOJHOTO MEPUO/Ia.

CoBeplIeHHO OYEBHUJHO, YTO COCTOSHHE JIEJIOBOIO MOKPOBa HEOOXOJMMO YYHMTHIBATH
IpU MOJIEIMPOBAaHUM ypoBeHHOM noBepxHocTU. Moaens MIKE 21 mo3BossieT 31O cnenars,
IIPU YCIIOBUM HAJIWYMSI MOJEIBHBIX KapT JIEIOBOIO IMOKPBITUS AJI PA3JIMYHBIX NEPUOJIOB
nenoo0pa3oBaHus U pa3pylIeHUs JIEI0BOT0 MOKPOBA.

[Tpu cozmaHMM TakMX KapT HEOOXOAMMO OBUIO NMPOAaHAIM3UPOBATh BCE HMMEIOLIHECS
MaTepuaibl HaOJIIOIEHUN U ONpPENeNUTh XapaKTepHbIE J1aThl U3MEHEHUS JIEJOBOIO MOKpPOBA.
Jl1 3T0i 11eNIn UCTIONIB30BATTUCH BCE NMEIOIMECS KOCMUYECKHE CHUMKH 33 Pa3JIU4HbIE TOABI,
a TaKKe MaTepuaylbl HaONIOJEHWH MO Ka3axCTaHCKUM cTaHnusM. Ha ocHoBe aHanmza
KOCMUYECKHX CHUMKOB M JaHHbIX HabOmoneHuit cpeactBamu MIKE 21 Opun co3ganbl
MOJICNIbHBIE KapThl JIEAOBBIX Mojedl MacmTaba 10 Ha 10 kM U Ooyiee TOYHBIE KapThI
Cesepnoro Kacnust macmraba 2 Ha 2 KM JuId onpeJiesieHHbIX nepuoaoB. Ha puc. 3 npusenex
puMep MOJENbHBIX KapT jenoBoro noiys CesepHoro Kacnusa macmtada 10x10 u 2x2 kM Ha
nepuon ¢ 1 mo 28 deBpans 1 cpenHel 3uMbl. B onepaTuBHOM peXUMe B T€UEHHE 3UMHETO
Ce30Ha BBOJMMAs B MOJI€JIb KapTa MPH HEOOXOJAUMOCTH MOXKET KOPPEKTUPOBATHCS C YUETOM
¢dakTHueckoil nH(pOpMAMU O JIEOBOW OOCTAaHOBKE. YUeT JIeOBBIX YCIOBHUH M OCHOBHBIX
AIIEMEHTOB BOJHOrO OayjiaHca MpU pacyeTe YpOBHS BOJbBI MO3BOJSET YIYYIIUTh KadeCTBO
pacyeToB U JOOUTHCS XOPOIIEro COBIAACHUS U3MEPEHHBIX U PACCUNTAHHBIX YPOBHEH BOJIBI.
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Puc. 3. Monenbubie kapThl egoBoro nons Ceseproro Kacrms macmrada 10x10 u 2x2 kM
Ha niepuoz ¢ 1 mo 28 deBpains amst cpegHen 3UuMbl

Kak moka3anu pe3ynbTaTbl OLEHKHM TOYHOCTH M 3(PPEKTUBHOCTH KPATKOCPOUYHBIX H
CPeIHECPOYHBIX TPOTHO30B ypOBHA Bojabl Kacmmiickoro Mopsi, OIpaBIbIBA€MOCTb
aBTOMATHU3MPOBAHHOTO METO/Ia ITPOTHO3a Ha 3 CYTOK B cpelHeM cocTaBiisieT 87 %, Ha 5 CyTOK
— 80 %, u, cinemoBaTeNbHO, UCITOJIB30BAHUE METO/IA SBJISICTCS IIETIECO00Pa3HBIM.
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Abstract

Patterns of algal blooming, described by variations in the concentration of chlorophyll-like
pigments (Chl), are considered to be effective indicators of ecological dynamics in coastal and marine
environments. A time series of Chl statistical maps, derived from data collected by the Sea-viewing
Wide Field-of-View Sensor (SeaWiFS), from September 1997 to July 2009, were used to explore the
space and time heterogeneity of algal blooming in the Caspian Sea. The imagery details the diverse
characteristics of the northern region, dominated by the impact of Volga river runoff, and of the
southern region, where intense events occur along the coast and on prominent shelf breaks. Between
these, a central transitional region presents more variable environmental conditions. The observed
seasonal pattern is essentially bimodal, with a late-summer, early-fall period of extended blooming,
and a winter-spring period of less intense events. The northern region has a dominant role in
determining this general pattern, while the middle and the southern regions do present the same pattern
, but with some summer variations. The inter-annual variability is not very pronounced, with annual
Chl anomalies showing limited oscillations around zero over most of the basin. In the north, large
anomalies are related to the Volga river plume variability, while in the south negative the anomalies of
the first years are followed by prevailing positive anomalies, after the exceptional 2001 summer event.
A rather peculiar, unusual patchiness, composed of large, circular, intense spots of high concentration,
appears to be typical of the coldest months.

Introduction

The space and time heterogeneity of phytoplankton growth is a critical element to
understand basic marine ecosystem dynamics. In fact, it is the photosynthetic activity of
phytoplankton that converts the energy entering marine ecosystems as sunlight into bio-
chemical energy — which then propagates through the food web, as a function of inter-
relationships among organisms and environmental factors. The assessment of phytoplankton
growth patterns, describing this energy transfer, for basin scales and multi-annual periods, can
only be achieved by means of optical remote sensing (Barale et al., 2008). Statistical maps
and anomalies of a suitable algal biomass and production indicator, such as chlorophyll-like
pigment concentration (Chl), derived from satellite data, was used to explore the recent cycles
and trends of algal blooming in the Caspian Sea. Following analogous earlier studies (see e.g.
Kopelevich et al., 2008, and references therein), the patterns observed in the climatological
pigment fields were interpreted as qualitative indicators of basic ecosystem dynamics.

Numerous tributaries, notably the Volga (accounting for about 80% of the inflow), Ural,
and Zhem, from the north, the Gorgan and Atrek, from the east, and the Kura, from the west,
have a profound impact on the Caspian Sea optical water properties (both a direct one, via the
introduction of water constituents such as suspended inorganic matter and dissolved organic
matter, as well as an indirect one on planktonic agents, due to the nutrient load carried by the
runoff). The impact is paramount in the shallow northern part (averaging only ~5 m of depth),
while the substantially deeper central part (788 m) and southern part (1025 m) present optical
characteristics common to both seas and lakes. Indeed, although it is not a freshwater lake (its
average salinity is 12.7-12.8 psu, about one third the salinity of seawater, with maximum of
13.2 psu on the eastern coast and minimum of 0.1-0.2 psu near the northern river mouths),
the Caspian Sea is often listed as the world’s largest endorheic lake, by both area and volume,
from which there is no outflow of water, either at the surface as rivers, or underground by
flow or diffusion through rock or permeable mate. Moreover, since there is no natural outflow
from the basin other than evaporation (except the Manych Canal), and since water input from
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precipitation and continental runoff far exceeds output by evaporation, the Caspian Sea can be
classified as a dilution basin (except for the large, shallow embayment of the Garabogazkdl
Gulf, which acts as a concentration basin, in which water output by evaporation exceeds input
from precipitation and continental runoff). These features render the Caspian Sea a basin with
peculiar water constituents characteristics, where surface optical properties can reveal much
about basic ecosystem dynamics.

Data

An extended time series of Chl statistical maps and anomalies was derived from the
historical Sea-viewing Wide Field-of-View Sensor (SeaWiFS) data set. The SeaWiFS
mission, which started in September 1997, has generated an extensive collection of world-
wide optical remote sensing data (McClain et al., 2004). Twelve consecutive annual cycles,
from September 1997 to July 2009, were considered to follow Chl dynamics in the Caspian
Sea. Climatological data based on this time series were obtained directly from the US
National Aeronautics and Space Administration (NASA), which distributes SeaWiFS data for
research purposes. The original imagery was processed to correct top-of-the-atmosphere
radiances from atmospheric noise, derive normalized water-leaving radiances, and compute
from these Chl and other parameters®.

As a dilution basin, strongly impacted by river runoff (chiefly from the Volga river, in
the northern basin), the Caspian Sea is characterized by high concentrations of coloured water
constituents, which may alter significantly the Chl signal derived from the SeaWiFS
radiances. Hence, the data being presented here should be considered with caution, owing to
the abundance of optically active materials other than phytoplankton and related pigments
(i.e. dissolved organic matter and suspended inorganic particles), with partially overlapping
spectral signatures, in the regions covered by the images. In general, this may prevent the
computation of reliable Chl absolute values, but here it was not considered a major obstacle
for the interpretation of the historical time series in terms of recurrent or anomalous algal
blooms, and related environmental boundary conditions, when the limitations above are taken
in due account.

Each SeaWiFS daily image was treated using the SeaDAS algorithm set (Baith et al.,
2001) and re-mapped on a common equal-area grid, with a grid cell, or “bin”, of 9 km x 9 km.
For the creation of monthly and yearly composite data products, all of the valid pixels of a
given time period and grid cell were compiled in the same bin, and their weighted mean
generated. The weight was based on the number of valid pixels used in the binning process
(Campbell et al., 1995). Because the number of valid pixels increases with larger and longer
binning intervals, the compositing process generates complete, cloud-free images. As will be
seen in the following, though, the variability due to highly dynamical events in a given area is
averaged out too, and the composite images retain only those patterns that persist over
significant areas and periods of time.

The Chl monthly and yearly climatologies are defined as averages of all composite
images in each time period, over the entire SeaWiFS lifetime (i.e. from September 1997 to
July 2009, at the time when the present work was carried out). Chl anomalies, again at the
monthly and yearly scales, are defined as the difference between each monthly mean and the
corresponding climatological month, and between each yearly mean and the climatological
year, respectively.

! SeaWiFS Ocean Reprocessing 5.1 completed on July 5, 2005. For details see the www site:
http://oceancolor.gsfc.nasa.gov/REPROCESSING/SeaWiFS/R5.1/
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Fig. 1. Caspian Sea Chl climatological annual mean from SeaWiFS data (1997-2009).
Background: simulated true colour image derived from MODIS data (1 June 2002)

Results

The 1997-2009 Chl climatological annual mean proposes once again the classical
subdivision of the Caspian Sea between a northern and a southern region, separated by a
middle, transitional section with intermediary conditions (Figure 1). However, distinct sub-
basins also appear within each region. In the north, the western section systematically shows
features parallel to the Volga delta shoreline, where river runoff provides extreme
concentrations of water constituents, while the eastern section presents a (cyclonic) cell with
lower concentrations in the interior. The central region appears to be similar to, and in fact
continuous with, (the interior of) the southern region, with the Absheron peninsula
constituting the only element of discontinuity between the two. In the very south, again the
western section is rather different from the eastern one, where intense high-concentrations
events occur along the coast, as well as on and around the prominent shelf breaks.
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Fig. 2. Caspian Sea Chl climatological monthly means from SeaWiFS data (1997-2009)

The climatological monthly means add a number of intriguing details to this general
picture. The northern region does not vary much from season to season, except for the very
near-coastal areas (where the coastline seems to be reshaped by river runoff variations) and
for the areas where ice is present in winter. In the middle region, weak spring blooming and
then strong fall blooming occur in the interior of the basin. In summer, the near-coastal
features extending from the north-east towards the interior suggest a complex evolution of the
cyclonic surface circulation. The southern region presents large-scale features in summer
(which however are mostly due to the blooming episodes of summer 2001). A rather peculiar,
unusual patchiness, composed of large, circular, intense spots with very high (Chl) values,
appears to be typical of the coldest months. This could be interpreted as the result of local
alterations of the optical properties, due to the presence of hydrocarbons at offshore sites.
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Fig. 3. Caspian Sea Chl average basin value, from the SeaWiFS-derived (1997-2009) climatological
monthly means. Note that the scale on the right refers to the southern region only (red dots)

A more schematic way of looking at the phytoplankton seasonal cycle in the Caspian
Sea is proposed in Figure 3, where the Chl average basin value, derived from the
climatological monthly means, is plotted against time. The basin-wide assessment shows
values oscillating around a minimum (Chl~3.0 mg m™) from November to June; higher values
(4.0<Chl<5.0 mg m™®) between July and October; and a maximum in August (Chl = 5.0 mg
m™). Although this trend recalls the one inferred from the above analysis of the climatological
monthly mean images, it appears to be statistically dominated by the high late-summer values
of the northern (and southern) region, and by the basin-wide fall blooming.

Considering only the northern part of the basin, the Chl average value presents about the
same pattern, although greater by a factor 2. By contrast, considering only the southern part, a
slightly different seasonality emerges, with a decrease (Chl<2.0 mg m™) in late spring and
early summer, from April to June, followed by a maximum in August (Chl>3.5 mg m™) and a
secondary maximum (Chl~2.5 mg m™) in November. In the central part, the late spring
decrease continues well into summer, so that Chl starts to increase only in August, reaching a
maximum (Chl~3.0 mg m™®) between September and October.

Conclusions

The basin-wide seasonal pattern, described by variations in the Chl concentration,
appears to be essentially bimodal. A late-summer, early-fall period of extended blooming is
opposed to a winter-spring period of lesser Chl values. The northern region has a dominant
role in determining this general pattern, while the middle and the southern region present
slight summer variations of the same trend. The inter-annual variability is not very
pronounced (Figure 4), with annual Chl anomalies showing limited oscillations around zero
over most of the basin (but growing slightly over the 12 years considered). In the north, large
anomalies are related essentially to the Volga river plume variability. In the south, negative
anomalies characterize the first years, while positive anomalies prevail after the exceptional
2001 summer event (Figure 5).
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AHHOTAIINA

AHanmm3upyercs JUHAMHKA TIOYBEHHO-PACTHTEIBHOTO TOKpOBAa Ha JIyraX pasindHOTO
TUTICOMETPUYECKOTO YPOBHSI, KaK TPUMeEp M3MEHEHUH OMOTHYECKMX KOMILIEKCOB BOJDKCKOW IEIBTHI,
BBI3BaHHBIX U3MECHEHHUSMHU KJIMMaTa U 00beMa BOJIHOTO CTOKa p. Bosru.

BBenenne

MoOHHMTOPUHT OMOTHYECKHUX KOMILIEKCOB JeIbThl Bonru mnpoBoautcs, HaunHas ¢ 1979
roja, ¢ UEeNbI0 OTCIEKUBAHUS M3MEHEHH MX COCTOSIHHSI TIOJl BO3JCUCTBHUEM MPUPOIHBIX U
AQHTPOIIOTEHHBIX  (HaKTOPOB, pa3pabOTKU pEKOMEHIAIMH 10 OXpaHe TMPHUPOJbI H
paIoHaIbHOMY MPUPOIOTIOIH30BAHUIO.

HaCTOﬂHIaH pa60Ta IIOCBJIIICHA OILICHKC BJIIUSHUA I/ISMGHGHI/Iﬁ KJIMMaTta Ha I[I/IHaMI/IKy
MOYBEHHO-PACTUTENLHOTO MOKpOoBa. OTIMUYUTENBHON OCOOEHHOCTBHIO paccMaTpHUBaEMOTo
HepI/IO)Ia ABJIACTCA COUCTAHUC BGKOBOI\/JI TCHACHIINU ITOBBIIICHUA TeMnepaTprI BO3I[yX3 C
00s1ee KOPOTKUMH 10 BPEMEHH ITUKJIaMH YBIKHEHUS TEPPUTOPHH.

[To MHEHHIO HEKOTOPBIX HCCJEAOBaTENe JIOCTATOYHO OIPEACIICHHAs] TEHICHITUS
MOBBIIICHUST TPU3EMHON TEMIEepaTyphl BO3JyXa MPOCISKHUBAIOIIASICS HA MPOTSHKEHUU
nocienaux 400 net (Kmure, 2007). Ilpu 5ToM Bo BTOpO# mosioBuHE XX CTOJETHS TII00ATBHOE
MOTETICHNE YCKOPUIIOCH 32 CYET aHTPOIIOTEHHOTO BO3ACHCTBUS — MAPHUKOBOTO 3 deKTa.

B cBoto ouepenr 0cOOEHHOCTHIO NIeTbTH BoarH, Kak 00beKTa UCCIeIOBAHUH, SIBISETCS
TO, YTO B YBJIAXKHEHUU €€ TEPPUTOPUU MPUHUMAIOT yYaCTHE HE TOIBKO aTMOC(hEepHBIE OCAIKHU,
HO U pe‘-IHI)Ie BOJBbI. POJ'II) IIOCJICIHUX B YBJ'Ia)KHeHI/II/I 3aBUCUT KaK OT KOJ'Ie6aHI/II71 ypOBHSI BOIbI
B PEKe, TaK U OT TUTICOMETPHUYECKUX OTMETOK MPUPYCIOBBIX YUYaCTKOB.

Jlannbie HAOI0AeHUI

Ha6monaromuecs B mocnennue 30 meT B AcCTpaxaHCKOW 00JacTH 3HAYMTEIIbHBIC
MOJIOKUTETFHBIE OTKJIOHEHUSI TEMIEPATyphl BO3AyXa M OCAIKOB OT MHOTOJETHHX 3HAYCHUIN
CBSI3aHBl C AHOMAJBHBIM pa3BUTHEM 3amaAHON (QopMbl aTMOChEpHON UUPKYISLIUHU, MPU
KOTOpPOU BIAXHBIE M TEIUIbIE BO3YIIHBIE MAacChl ¢ ATIIAHTUKH TOCTYMarOT Ha HinkHIOO
Boary. 3a nepuon HabGmonenuii 1922-2006 rr. mpoU30MIII0 3aMETHOE YBEIMYECHHUE TOJTOBBIX
ocankoB mo Actpaxanu ot 180 mm (1946-1955 rr.) no 230 mm (1983-1992 rr.) m 250 mm
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(1997-2006 rr.), npudeM mocnenHss nuppa OoJblIe KIMMATHYECKOW HOPMBI Ha 47 MM
(Bosuecenckas, 2007).
CpenneronoBasi Temneparypa 3a nocienaue 30 et Bo3pocna Ha 0,6°C. IIpudyem 3T0T
POCT IPOM30IIIE]T B OCHOBHOM 3a CUET 3UMHHX Temreparyp (Tadi. 1).
Taoauna 1
KnumaTtudeckue nokasaresu 1Mo JaHHBIM THIPOMETEOPOIOrHUeCKON CTaHIIMU T'. ACTpaxaHu

Cpennusist cymma  Cpenssist cymMma T'unporepmu- CpenneromoBast  CpemHeromosas
0CaJIKOB 3a TeMIepaTyp YECKHH CyMMa OCaJIKOB, TeMIeparypa
Toawr (500 ()i 3a MePUOJ KO3 PHUITHEHT MM
ct>10°C, mm ct>10°C, Mmm mo I'.T.
CeNnsiHUHOBY
1946-1955 89,5 3626 0,25 179 9,5
1956-1972 99,5 3584 0,28 189 9,7
1973-1982 118,6 3606 0,33 208 9,9
1983-1992 1439 3736 0,39 235 10,2
1993-2006 155,3 3698 0,42 250 10,5

B pesynbraTe aHanu3a MHOTOJETHMX KoJyieOaHMH cToka Bonrm ycraHoBieHo, 4TO C
cepenuubl 70-X TIT. MPAKTUYECKH BO BCEM TUIPOMETPUYECKUM CTBOpAM HaOIIOJAOTCS
OJIHOHANpPABJICHHbIE M 3HAYMMbIE M3MEHEHHS BO BHYTPUI'OJIOBOM pACIpPEAEIEHUU CTOKa,
KOTOpBIE paHee He oTMedanuch. OHU CBSI3aHBI C YBEJIMYEHHUEM BOJAHOCTH B MEXKECHHBIE
Mecslpl (JIETHUE U 3MMHUE), CHUKEHMEM CTOKa BECEHHEro IMOJIOBObS M YBEIUYECHHEM
ronoBoro croka Bonru. 3a nepuon 1978-2006 rr. yBennueHHe MEKEHHOI'O CTOKA B LIEJIOM
nocturaet 20-40 % ot Hopmsl (Konapamms u ap., 2006).

Cpennuii  MHoOroneTHud crok Boarm cocraBmsier mnpumepHo 250 kv’ 3a
MHCTPYMEHTAJIbHBIN niepruosa HaOmoaeHuit ¢ 1881 r. MakcuMasnbHas €ro BeJIMYMHA COCTAaBUIIA
390 km® (1926 r.), munumanbHas - 161 KM (1937 r.). 3a yCIIOBHO €CTECTBEHHBIH NEPUOJ]
1946-1959 rr. obbeM cTOKa cocTaBWJI B cpeaHeMm 3a rox 260 kv’ B MIEpPBBIN MEepUoL
3aperynupoBaHHoro croka (1960-1973 rr.) on ymensimics no 228 KM>, a B CIIETYIOIIUMA
nepuop (1974-1987 rr.) rogoBoii cTOK BO3poOC, a ero 00beM BO BTOPOM KBapTaje emie Oolee
ymenbiuics. Hauunas ¢ 90-x romoB (1988-2007 rr.) o60Bbem cToka Bo3poc 10 265 kM (Tabm.
2). BeicoTa mo0BO/Ibs MOCTIE 3apEryIMPOBAHUS CTOKA PE3KO YMEHBIINIACh, HO B IMOCIIEAHNE
nepuobl 3HaYUTENbHO Bo3pocia (110 333 cm B 1988-2007 rr. no peiike BOJJOMEPHOTO MOCTA T.
AcTpaxaHm).

Tadauua 2
XapakTepUCTUKA TUAPOJIOTUYECKUX YCI0BUH p. Boiru
O0BeM cToKa B O0BeM cTOKa B CTBOPE Homnst MaxkcuMmanbHEBIE YPOBHH
I CTBOpE Boarorpazackoit 'OC, BECEHHET0 BOJIbI IO peiike
OZtbl Bourorpazackoit kM 3a 2-0if KBapTan M0JI0BOIbs, %0 BOJIOMEPHOI0 IIOCTA

I'2C, kv’ / rox AcTtpaxaHs, (cm)
1946-1959 260 141 54 240
1960-1973 228 102 45 251
1974-1987 248 96 39 252
1988-2007 265 116 44 333

W3MmeHeHus KiIMMara W yBEJIWYEHHE BOJHOTO CTOKAa TMPUBENIO K JUHAMHYECKUM
U3MEHEHUSIM TIOYBEHHO-PACTUTENIBHOIO TOKpoBa B JAeinbre Boaru. OTH  U3MEHEHHs
3a(pUKCUPOBaHBl C MOMOIIbIO MOHUTOPHHIA, KOTOPBIM MpPOBOAATCA B JAenbTe p. Boiarm Ha

51



cranmonapaoMm npoduiie ¢ 1979 r. (F'ony6, bapmun, 1994; I'ony6, bapmun, 1997; Nonun,
2003, bapmun u ap. 2006; bapmun, Monun, 2007).

CpaBHUTEIBHBIN aHAIM3 HOHHOTO COCTaBa BOJHBIX BBHITSDKEK M3 TIOYBEHHBIX 00pa3IloB
3a HaOmonaeMblii mepuoj mokasan, uro B 80-e roasl mpousonuio peskoe (Ha 30%)
YMEHBIIICHUE COCPIKAHUS BOJIOPACTBOPUMBIX coiel, ocoOeHHO TokcuuHbIX HOoHOB Cl 1 Na.
B nocnenyromuii nepuoa MuHepaidu3alus W3MEHsUIaCh B Y3KUX Hpelenax, MpH 3TOM 3TH
W3MEHEHHUS B OCHOBHOM OBLIN BBI3BaHBI KOJICOAHUSIMH YPOBHS BOJIBI B MTOJIOBOARE (TA0I. 3).

Tabauuna 3
CojeprkaHre HOHOB BOJJOPACTBOPUMBIX COJIei B ciioe mouBbl 0-15 cM B pa3inuuHbIX
HWHTEpBajaX BBICOT Mpoduiist Hal MexeHbto, Mr-3kB Ha 100 T moussl (126 To4ek)

Toabl HCO, Cl S0?%, Ca* Mg** Na* T Cymma
1979 0,20 4,82 7,49 4,75 3,35 4,41 5,41 25,02
1980 0,22 5,06 7,36 5,13 3,07 4,44 5,55 25,28
1981 0,26 3,60 5,51 3,46 3,14 2,77 4,06 18,74
1990 0,29 1,38 6,75 3,31 2,85 2,26 2,13 16,84
1991 0,32 1,27 6,26 3,45 2,26 2,14 1,90 15,70
1995 0,16 1,46 4,85 3,16 1,95 1,36 1,83 12,94
1996 0,15 0,70 7,10 4,80 2,50 0,65 1,19 15,90
2002 0,39 0,61 4,04 2,41 0,96 1,67 1,01 10,08
2006 0,37 1,58 6,78 3,88 2,28 2,57 2,23 17,46
1.3-1.8 m (54 nuiomagku)
1979 0,26 8,53 14,20 7,30 7,02 8,68 9,96 46,00
1980 0,31 7,90 13,88 7,12 6,43 8,54 9,31 44,18
1981 0,32 6,00 11,84 5,94 6,08 6,14 7,24 36,32
1990 0,35 2,55 11,70 5,29 4,70 4,61 3,90 29,20
1991 0,27 2,30 10,82 6,16 4,10 3,13 3,29 26,78
1995 0,24 3,72 11,02 5,22 5,26 4,50 4,93 29,96
1996 0,14 2,60 17,75 7,70 8,70 4,09 4,64 40,98
2002 0,40 3,99 12,15 7,68 3,28 5,59 4,90 33,12
2006 0,44 4,9 14,78 7,98 5,75 6,28 6,35 40,13
1.9-2.4 m (34 nuromaaKu)
1979 0,33 2,90 11,90 6,36 5,06 3,73 4,07 30,28
1980 0,36 5,48 12,06 6,29 5,23 6,39 6,71 35,82
1981 0,34 2,59 9,81 5,87 4,12 2,75 3,45 25,48
1990 0,23 3,05 11,20 6,04 4,68 3,76 4,11 28,96
1991 0,29 2,99 11,10 6,43 4,24 3,70 3,98 28,75
1995 0,23 3,58 10,82 5,30 541 3,92 4,73 29,26
1996 0,15 2,90 15,60 7,30 8,00 3,35 4,59 37,30
2002 0,32 3,08 9,54 5,51 2,54 4,89 3,95 25,91
2006 0,41 1,80 11,54 6,30 3,60 3,90 2,93 27,53
2.5 m u 6oJiee (11 miomaaok)
1979 0,39 6,49 7,98 5,75 3,64 5,47 7,01 29,42
1980 0,50 5,10 7,98 4,38 3,38 5,82 5,92 27,16
1981 0,42 5,24 6,44 4,26 3,52 4,32 5,76 24,20
1990 0,35 4,24 7,81 4,60 3,11 4,69 4,95 24,80
1991 0,30 6,96 10,25 5,57 5,00 6,94 7,95 35,02
1995 0,24 4,91 7,63 3,80 4,23 4,75 5,72 25,56
1996 0,16 3,30 10,60 5,13 531 3,62 4,43 28,12
2002 0,47 2,00 7,18 3,95 2,15 3,55 2,74 19,30
2006 0,38 2,4 6,61 3,45 2,11 3,74 3,11 18,70
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B nenom ¢ 1979 mo 2006 rr. mo pe3ynabTaraM aHanu3a 126 MOYBEHHBIX OOpPa3LIOB
ornomenne Cl/SO; ymenpmmmocs B 2 pasa, ¢ 0,6 1o 0,3. Ecau cyauTs 10 CyMMapHOMY
3¢ (heKTy TOKCHYHBIX HMOHOB B OJKBHBAJICHTaX XJOP-HOHA, TO CPEOHSIS TOKCHYHOCTH
MMOYBEHHOTO pacTBopa Ha npoduie ¢ 1979 k 2006 r. ymenbmuiacek B 2 paza. OCOOEHHO 3TOT
nporuecc ObUI BBIPAYKEH Ha IUIOIIAKAX PaclOI0KEHHBIX Ha Jiyrax HU3Koro (1,2 M u Huxe Haj
MEXEHBIO) U BBICOKOTO YPOBHEH (2,5 M 1 OoJiee), rie TOKCHYHOCTh CHU3WIAach B 2,4 pasa.

B Tteuenue paccmarpuBaemoro nepuoaa (1979-2006 rr.) Ha nyrax HHU3KOTO YpPOBHS
o011ee KOJIMYECTBO COJIEH MOCTOSIHHO CHUKUIIOCH, TOJIBKO B 2006 T. Mpou301LI10 HEOObIIOEe
HOBBIIIIEHUE, 00YCIOBICHHOE HU3KUM T0JIOBOLEM (76 KM3), 13-3a KOTOPOI'0 MHOTHE Y4aCTKH
JIyTOB HU3KOTO YPOBHS OBLIU 3aTOIICHBI HA HETIPOIOJKUTENIbHBIN MEPHOJ U TOKCUYHBIE COJTU
He ObUTM BBIMBITBHL. B 2006 r. TOKCHYHOCTHh MOYBEHHOI'O PacTBOpPa YBEIMYMIIACh B 2 pasza 1o
cpaBHeHuto ¢ 2002 T., HO MO CPAaBHEHMIO C HAYajoM HAOJIIOJEHUN OHA yMEHBbIIWIAch B 2,5
pasa.

Ha nyrax cpeagnero ypoBHs (B wuHTepBaiax Bbicor 1,3-1,8 M u 1,9-24 wm)
MUHEpaIN3alUs BBITSDKKM TO TOBBINIATIACh, TO YMEHbINANACh, HO MPU 3TOM M OTHOIICHUE
Cl/SO; ¥ TOKCHYHOCTH TOYBEHHOIO pAcCTBOpa B KOHIIE HAOJIIOJCHUN CHHU3HJIMCH 10
CpaBHEHHUIO C HauajoM HaOmoeHuii B 1,4 pasa.

Ha BeicoTax 2,5 M u OGonee (Jiyra BBICOKOTO YpPOBHS), HECMOTpS Ha (DIyKTyaluu
MOHHOTO COCTaBa, YETKO MPOCICKHUBACTCS TEHACHIMSA YMEHBIICHUS MUHEpaIU3aluud |
TOKCUYHOCTH IIOYBEHHOT'O pAacTBOpa, CHUKEHMSI KOHIEHTPAllMd HMOHOB XJIOpa W HATpUS.
TOKCUYHOCTH

Ecnu Ha nmyrax HHM3KOTO YpOBHS yMEHBIIEHUE OOILEro KOJIMYECTBA COJEH MOXKHO
MIPHUITHCATH MPOMBIBHOMY 3(D(EKTy MOJIOBOIMI, TO YMEHBIICHUE COJICH Ha Jyrax BBICOKOTO
YPOBHSL MBI OOBSCHSEM YBEIWYCHHEM KOJIMYECTBA OCAAKOB, KOTOpoe (uKcupyercs B
nocneanee BpeMs (Tak B 2006 r. B BEreTallMOHHbIN EPUO] KOJIMYECTBO OCAKOB MPEBBICHIIO
HOopMYy B 10 pa3).

[ToBbiieHNE yBIAXXHEHUS JENbThl BOJATM TMOBIUAIO M Ha MPOTYKTUBHOCTH
¢dutonieno30B. B cpaBHenun c¢ 1982 r. oOmias Hag3emHass macca pactenuwii B 2006 T.
YBEJIUYWIIACh Ha BCEX BBICOTHBIX OTMETKax (Tabs. 4). OcoOeHHO OOJIbIIOE YBEITUYCHHUE
MPOAYKTUBHOCTH (B 2,5 pa3a) OTMEYEHO Ha JIyrax HU3KOTO YpPOBHS. DTH Y4YacTKU CTalu
3aTanjauBaThCs Ha Oosiee IIUTENIbHbIE MEePUO/Ibl, U Ha HUX MPOMU30ILIO0 00Illee YMEHbIIEHUE
COJIep’KaHUsl COJei, a 3TO BBHI3BAJO MEpEeMEIIeHHe pacTeHUil TIMKOQUTOB Ha paHee
3aCOJICHHBIE 3KOTOIIBI.

Tadauua 4
Benuunna cpenneit o0mieil Ha3eMHOM Macchl TPaBOCTOS, /M
WuTepBaiisl BBICOT 1982 r. 1991 r. 1996 r. 2001 r. 2006 r.
1,2 M 1 HIKE 720,9 1014,5 964,2 1491,9 1779,4
1,3-1,8m 351,3 368,7 236,3 1147,2 688,4
1,8-2,4m 255,5 3439 223,2 757,2 885,0
2,5 M U BbIIlIE 232,6 480,0 272,4 625,2 472,4

C noBblIIEHNEM BBICOTHI y4acTKa OrMomacca Ha/l3eMHOW YacTH PAacTEHUN CHUKAETCH,
M BMECTE C TEM CHIDKAIOTCS TEMIIbI ee mpupocta 3a nepuoa ¢ 1982 mo 2006 rr. Cnenyet
OTMETHTb, YTO HapallMBaHHE OMOMAacChl MPOU3OILIO Ha BCEX YYacTKax, MPH 3TOM Ha Jyrax
HU3KOT'O YPOBHSI B OCHOBHOM 3a CYET YJIYYILIEHUS YCIOBUI UX 3aTOIUICHUS U MOJATOIICHUS, a
HA JIyrax BBICOKOTO YPOBHSI — 3a CUET YBEJINYEHHSI CYMMBI OCAJIKOB.

N3 17 BuUmoB pacTeHHWii, KOTOpPBIE BBIACISUINCH TPU pa30OpKe YKOCOB, B
paccMaTpuBaeMblil epuo Bo3pociaa Ouomacca 11 BUIOB, a 6 BHJIOB OHa CHH3WIACH (TaOI.
5).
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Tabauna S
Cpennuii Bec HaJ36MHOM MacChl PaCTCHUH, /™ (126 Touek)

Ne HazBanwne pacrenuit 1982 r. 1991 r. 1996 r. 2001 r. 2006 r.
1 Typha angustifolia 3,1 36,7 39,6 41,4 23,4
2 Bolboschoenus maritimus 2,7 16,6 9,4 15,8 9,7
3 Eleocharis palustris 3,4 6,6 3,5 14,0 8,2
4 Petrosimonia oppositififolia 0,7 6,1 0,6 3,1 11
5 Litrum virgatum 0,2 14 0,5 2,7 0,8
6 Aeluropus pungens 10,1 5,7 5,2 9,3 6,0
7 Phalaroides arundinacea 10,0 2,9 1,8 7.5 25,1
8 Crypsis schoenoides 55 1,3 0,3 0,2 0,3
9 Elytrigia repens 3,6 0,2 1,6 3,1 15,3
10 Inula Britannica 2,2 0,1 0,3 0,1 0,2
11 Althaca officinalis 1,7 1,2 2,9 3,4 0,2
12 Suaeda confuse 0,1 0,4 2,2 0,3 0,1
13 Rubia tatarica 1,8 15 0,5 0,4 48
14 Pragmites australis 14 11 3,7 15,6 68,6
15 Hierochloe repens 54 3,8 3,4 6,5 4,6
16 Glycyrriza glabra 0,6 2,9 41 20,0 49,5
17 Atriplex prostrata 15 2,6 2,2 0,6 0,1
18 O61as Macca 394,3 510,1 368,1 945,0 947,7

OcCoOCHHO OIyTUMOE YBEIMYCHHWE MACChl MPOM30ILIO Yy KPYIHBIX PaCTCHUN,
OTPHUIIATEIbHO PEarupyrolux Ha BbIIAC U CEHOKOIICHHE, Takux kak Typha angustifolia,
Pragmites australis, Glycyrriza glabra, B 8, 49 u 83 pa3sa coorBercTBeHHO. [locie pe3koro
yMeHblIlleHus npezacraBienHoctu Phalaroides arundinacea u Elytrigia repens B 1991-1996
IT. TPOU3OIILJIO CHayajla BOCCTaHOBJIEHHE Ouomacchl 3TUX BUIOB B 2001 1. 10 3HA4YEeHHIT
1982 rona, a B nanbHEHIIEM MOCIE0BAJIO yBeIMUeHHe ux 6uomaccel B 2,5 paza B 2006 r.,
YTO YAYYIIHIO KaYeCTBO CEHOKOCOB B JICIBTE.

BriBoabI

V3veHeHunss kiaMMata B TOCIEAHUE JCCATWICTHS TPHBEIHM K  YBEJIUYCHHUIO
CPEIHEr0I0BBIX TEMIIEPATYpP, POCTY FOJJOBOI0 KOJUYECTBA OCAIKOB B ACTpaxaHCKO# o0macTu
¥ YBEIUYCHUIO BOJHOCTU p. Boaru. DTo NpuUBEN0O K CYKIICCCHOHHBIM H3MCHCHUSM B
MMOYBEHHO-PACTUTEIIFHOM ITOKPOBE BOJIKCKOM JeabThl. Ha jyrax HM3KOro ypoBHSI IPOU3OIILIO
YMEHBIIICHUE TOKCHYHOCTH MOYBEHHOTO PacTBOpa W CMeHa 0oJiee TOKCHYHOTO XJIOPHIHOTO
3acoJieHHsI Ha Cyab(haTHOE, YTO MPHUBEIO K POPMHUPOBAHUIO MOHOJIOMHHAHTHBIX COOOIIECTB ¢
Typha angustifolia u pocty Ham3emHol mMaccel oT 5 10 8 pa3. Ha myrax cpemHero ypoBHs
MIPOM30IILI0 YMEHBIIIEHHE MUHEPATU3alUi U TOKCHYHOCTH MTOYBEHHOT'O PacTBOPA, YTO TAKKe
MPUBEJIO K YBEJIMUYCHHIO OMOMACCHI TJIaBHBIM 00pa3oM B MHOTOBOJHBIC Toxabl. Ha myrax
BBICOKOTO YPOBHS 3a()UKCUPOBAHO yBEIHUCHHE OMOMACCHI B CBS3U C YBETHUYEHUEM OCAIKOB B
MIEPUO]T BETCTAIIHH.
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AHHOTALIUSA

[Ipennoxena croxacTUdeckas MOJAENH yImepOOB, OCHOBaHHAs Ha NMPUMEHEHWH  JTUHAMHKO-
CTOXaCTMYECKOM MOJENHM MHOTOJIETHHUX KoyieOaHWH YpOBHS Mops. YmepO paccMaTpuBaeTcs Kak
(YHKIHSI OT CTOXaCTHYECKOTO Mpoliecca n3MeHeHnH ypoBHs Kacrust.

BrImomHEHBI pacdyeThl MaTEMAaTUYECKOTO OXKUIaHUS YIIepOOB OT M3MEHEHHH YPOBHS MOPS IS
CEJIBCKOT0 X0351CTBa U He(DTEera30Boi MPOMBIIIICHHOCTH A3epOaiikaHa.

[TonmyueHHbIE XapaKTEPUCTHKH yIIEpOOB MOIYT OBITh HCIOJIB30BAaHbI, HANpUMEpP, MpU
IJIAHUPOBAHUU Oepero3aliTHEIX ~MEpONPHUSTHI, CTPaXOBAaHUHM XO3SIMCTBEHHBIX OOBEKTOB,
PacroJI0KEHHBIX B IPUOPEKHO-IIETHPOBOM 30HE MOPSI.

[IpennoxeHHbIN METO| OLIEHKU YIIEPOOB Kak (DYHKIIMH CIYYalHBIX KOJICOAHUN YPOBHS MOXKET
OBITHh TakKe MPUMEHEH JUIsl OIEHKH JKOHOMHYECKWX TOCIEICTBUH WM3MEHeHus pexknmma Kacmws
BCJIEICTBUE BIIMSTHUSA KJIMMaTa, OTCEYEHUS MEIKOBOINI, M3MEHEHH BOJHOTO OajaHca U T.II.

Beenenue

MHorosneTHue u3MeHeHus: ypoBHs Kacnuiickoro mMopsi IpUBOJAT K 3aTOIUIEHUIO MIIU
OCYIICHHIO MPHOPEXKHBIX TEPPUTOPUiA, TMepepadoTke OeperoB, HapyllalOT HOPMaJbHOE
(YHKIMOHUPOBAHUE PA3IUYHBIX XO3IUCTBEHHBIX OOBEKTOB B MPHUOPEKHON 30HE, YXY/IIAIOT
HKOJIOTMYECKUN DPEXUM NPUOPEKHOM TEPPUTOPUU M aKBATOPUHM, HETaTUBHO BIMSIOT Ha
YCIIOBHSA KU3HU JIF0JIel. 3HaunTeNbHble n3MeHeHus ypoBHs Kacniusa — cHikenne B 1930-1940
. u noagbem B 1978-1996 r1r. — compoBoxkaanuch OOJNBIIUMH HSKOHOMHUYECKUMHU U
sKkosoruueckumu ymepoamu (Iomuisia 1 ap., 1998).

OYHKIIMOHUPOBAHUE XO3AWCTBEHHBIX OOBEKTOB B NPUOpPEKHO-IIENb(OBONH 30HE
Kacnus u B Oyayuiem conpspkeHO ¢ pUCKOM HEOIaronpusTHOTO BO3AECUCTBUS YPOBHS MOpS,
HarpuMep, PUCKOM 3aTOIICHHUS M OATOIUICHUS XO3SIHCTBEHHBIX 00BEKTOB, PACIOI0KEHHBIX
Ha MpHUOPEXKHBIX TEPPUTOPUSX MPH TOABEME YPOBHS, PUCKOM OOMENEHHUS MOPTOBBIX
aKBATOPHUM U MOPCKMX KAHAJIOB IIPU CHUKEHUH YPOBHS MOPSI.

OcoOblli WHTEpPEC TMPEACTABISET OIEHKAa BO3MOXHBIX VIIEpOOB B MPUOPEKHO-
menb(oBoit 30He Kacnust st ycinoBuii MeHsfoIerocs: kiumara. Takasi olleHKa MOXeT ObITh
WCIIOJIb30BaHa Ul ONPENEICHUs COCTaBa MEPOIIPHUATHI, HAITPABJIICHHBIX HA MIPENOTBPALLICHUE
WIA CHWKEHUs yuiepOoB. IlpuHuUMas BO BHUMaHHE CTOXAaCTUYECKHMH XapakTep KoseOaHui

55


mailto:anatolyfrolov@yandex.ru

YPOBHSI MOps, JIETKO BHUAETh, YTO HKOHOMHMYECKHE U JKOJOTHMYECKHE YIIEepObl OT
3HAQUUTENIbHBIX M3MEHEHHMI YPOBHS MOpPS TakK€ HMEKT CTOXAaCTUYECKHHM Xapakrep.
JleCTBUTENBHO, YIIepObl MPEACTABISAIOT cO00M (HYHKIMIO CITy9aifHOW BEJIMYMHBI — OTMETKH
YpOBHSL MOps, B 00IIeM ciydyae MpeAcTaBisioneii co0oil KOMIIO3UIUIO MHOTOJETHUX U
KOPOTKONEPHUOIHBIX u3MeHeHul ypoBHs (PpoiioB u ap., 2000). B xauecTBe cTaTUCTUUECKOM
MOJIeH YIIepOOB paccMaTpuBaeTCsl PYHKIMS pacipeiesieHus: BepoATHOCTE! yiepOoB.

Onucanue Moaesm yuepooB

Haubonee mpocThIM cilydaeM BOSHMKHOBEHHs yliep0a MOYKHO CUMTATh Cllydail moTepu
YaCcTH NPUOPEKHBIX 3€MeIIb CENbCKOX03IHCTBEHHOIO Ha3HAUEHUs, HallpUMep, NacTOuIL, Ipu
3aTOIJICHUH MOpeM TmoOepexbs. [Ipm oTcTymieHnn Mopsi mnactOuima MoOryT ObITh
HCIOJIb30BaHbl NIPAKTUYECKU cpa3zy. B naHHOM ciyyae ymiepObl MMEIOT MECTO TOJBKO HpPHU
IIOIbEME YPOBHS MOpsl U 3aTOIUIEHUU TeppuTopuu (puc.la). B npyrux ciydasx, Hanmpumep,
CBSI3aHHBIX ¢ pabOTOIl MOPCKOIro MOPTA, 3aBUCUMOCTh YIIepOa OT MOJIOKEHUS! YPOBHS MOps
MOXET UMETh 00JIee CIIOKHBIN xapakTep (puc.l 0).
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Puc.1. [IpumMepbl IeTEpPMUHUPOBAHHBIX 3aBUCHMOCTEH 3KOHOMHYECKOro yiiepda Q OoT OTMETKH
ypoBHsi Kacrmiickoro mMopst h. a — st CebCKOX035CTBEHHBIX 00bEKTOB (TaIHs, nacrouma), b —
JUIsl MOPCKOTI'O 1TOpTa

IMpu ypoue Hmwxke h; mnst  GyHKIMOHHpOBaHHS TOpTa TpeOyeTcs MPOBEACHUE
JHOYTITyOUTENbHBIX pabOT B TOPTOBOM AaKBAaTOPWH, HpPH IMOIbEME YpOBHs Bbimie hp -
HEOOX0JMMO COOTBETCTBYIOIICE HIepEYCTPONCTBO MPUYATHHBIX COOPYKCHHUIA.
DKOHOMHYECKHE YIIEPObI B JAaHHOM MTPUMEPE HMEIOT MECTO KaK MPH CHIKEHUH YPOBHS MODS
HIDKE OTMETKH N1, Tak ¥ IPU ero MOBBIIICHUH BhIllle 0TMeTKH Ny (prc. 1D).

Paccmorpenme ymiepba kKak (GYHKIHHM CIydalHOW BEIUYMHBI — TOJOKEHHS YPOBHS
MOpsI 03HAYAET, YTO MO U3BECTHOMY 33aKOHY paCIpEIe/IiCHHUs YPOBHSI MOXKET ObITh HaiijieHa
cooTBeTCTBYIOIIast (QyHKIMs pacnpenencHust BepostHocTer ymiepba (Nicholls et al.,1999,
Stakhin et al.,1991). B HekoTopbix ciydasx 3Ta (QYHKIUS HAXOAUTCS AHATUTUYCCKH.
[Ipenmonaraercsi, 4To W3BeCTHBI Takke BepositHoct F(h), T.e. mM3BecTHa croxacTmyeckas
MOJIeTb KoJieOaHWH ypOBHS MOps, B KauecTBE KOTOPOW OyJeM HCIOJIb30BaTh MOJENb, B
COOTBETCTBMM C KOTOpPOH pacmpeneneHue ypoBHs Kacmms OnOM3KO K TayccoBy
pacnpenenenuto (Ppoinos, 2003).

[Tycts 3aBucuMocTs yiepoa Q ot ypoBus h umeer Bup (puc.1b),

a(h+m),h<m,a<0,m>0
O(h)=3b(h—n)’,h>nb>0,n>0, (1)
0,—m=h<n

rae m=hy, n=h,, a>0 u b<0 — HeKOTOpbIE KOHCTAHTHI.
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Toraa NIOTHOCTH pacHpeieNieHrs BEPOSTHOCTH yiiepOa onpeaensiercss GopMyIioi

0 2
. . _(_m+§)2 - \/;4-11

——| i exp| ———— — | +exp 5
£(0) = o\2r |a| 20 20 @)

) 1 m n
E{QUI(G—\/E) + erf(o_—\/z)}Q =0

IJIe 0 - CTAaHJIapPTHOE OTKJIOHEHHE YPOBHS, erf — u3BecTHass QyHKIMS OMIOOK.

[Mpumenum nony4eHHbie GpopMysibl Iyt npumepa, koraa a=-1, m=0.5, b=1, n=1. B atom
ciy4ae yiiepObl OT MOHWKEHHS U MOJbEMa YPOBHS HAaYMHAIOTCA ¢ OTMETOK h=—0.5 M u
h=1.0 ™M, cooTBercTBeHHO. 37echb W B JalbHeiIIeM ypoBeHb Kacmuiickoro mops
orcuuThiBaeTcst oT otMeTkH -28.0 M BC. TlnotHocTh pacnpenencuus BepostHoctd P(Q) u
byHkuus pacnpeneneHus BepositHocTel yiepoa F(Q) npuBeneHs Ha puc.2.

F(L) h

p(&) i

i

a
|
M~
0.4 I I

Puc.2. ITnotaoctu pacnpenencaus P(Q) (2) u dyukimu pacnpenenenus Bepostaocteit yuepoa F(Q)
nutst 3aBucumoctr Q(h) Buaa (1a). @ynkuus p(Q) umeer paspsis B Hyse; p(0)= F(0) =0.533.

HHTEpecHO OTMETHUTh, YTO yHiepO MpeACTaBIsIeT COOOH CMEIIaHHYIO CITyYaifHyro
BEJIMYMHY, TPUHUMAIONIYIO KaK TUCKPETHOE, TaK M HEMPEPHIBHBIC 3HAYCHUSL.

B srom mpumepe ymepOsl opMaIbHO BO3PACTAIOT HEOTPAHHMYCHHO HAa OECKOHEYHOM
WHTEpBaje Kojebanwii ypoBHs. OHAKO MPaKTHUYECKH OoJjiee BaXKEH Ciydald, Korja ymepo
COCpE/IOTOYEH B KOHEYHOM MHTEPBAJIe OTMETOK.

[MpenarnonaoxuM, 4To pas3IMIHBIM HHTepBaaM oTMeToK ypoBHs [hi, his1], hisi>h; (i=1,2,
..., N, tme N — 4ucio MHTEpBaJIOB) COOTBETCTBYIOT Pa3IMYHbIE MOHOTOHHO BO3PACTaIOIINE
byuximu yiepoa Qj(h). st orMeTok h, HaxoasIIuXxcs mpaBee MpPaBbIX TPAHHUIl HHTEPBAJIOB,
¢ynxmum Qi(h)=C; , rne Ci — mocrosiHHbIe BenuuuHbl. Benmnuuubel koHcTaHT C; 03HAYaKOT
MaKCHMaJIbHBIN pazMmep yiiepOa Jiisi COOTBETCTBYIOIIEH I-0if 30HBI PHCKa, HAIPUMED, TOTHOE
YHUYTOXXEHUE MOPEM X03HCTBEHHOTO 00BEKTa, PACIOI0KEHHOTO B ATOH 30HE.

PaccmoTpum ciydaid, Korga BBIASISIIOTCA ABE MPHOpEKHO-MIETH()OBBIE 30HBI PHUCKA;
000011IeHNE Pe3yTbTATOB HA OOJIBIIIEE YHCIIO 30H PUCKA HE BBI3BIBACT TPYAHOCTEH.

[Tycts 1-0if m 2-o0if 30HaM pucka cooTBeTcTBYIOT (yHkimu yiiepda Qi(h) m Qa(h),
omnpeneneHHbie Ha uHTepBaiax [hi,hy) u [hy,hs). Eciu ymepOsl B 30HaX HE3aBUCHUMBI IPYT OT
apyra, To s wuHTepBana [hi,hz) Maremarmueckoe oxumanume ymepda paBHO
<Q(h)>=< Q,(h) >+ <Q,(h)>, tne <Qi(h)> u <Qy(h)> - maremaruueckue OXuIaHUSI
yiep6oB [uis 1-it u 2-1 30HBI pUCKa COOTBETCTBEHHO.
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HOHO)KI/IM, AJIL ONpCACIICHHOCTH,

0,h<h;,h. >0
Q.(h)y=<3ah+d, helh, h,], 3
Ci’h > hi+l
rae a, :L, b, =-h, L, 1I=1,2.
i+1 _hi hi+1 _hi

IMycts, nanpumep, C;=2 u C,=4 muu.USD, h;=0.5 M, h,=2 m (puc.3). Torma
3aBHCHMOCTH YIIEpPOOB OT YPOBHSI IPUHUMAIOT BUJI, H300paKCHHBIN Ha puc.3a.

d 4]
Qlh) =Qior)= =l
T
e <=
ir — ‘:Qz{ﬂ'}:*
| | |
O p 4 ] o p 4
h o
Puc. 3. a - Ilpumep 3aBucumoctu ymepba OT YpOBHS MoOpsS i OOBEAMHEHUS IBYX

HETIEPECEKAIOIIMXCS 30H PUCKa; b — 3aBHCHMOCTH MaTeMaTHUECKUX OKHAaHUH yiiepba OT cTaHmapra
ypoBHs Mopst: <Qi(0)> u <Qy(0)> — mis 1-i u 2-i 30H pucka, <Qz(0)> — M1 00bEANHEHHS ITHUX
30H.

3aBHUCHUMOCTh MAaTEMAaTUYECKOTO OXHJaHUs yuiepOa OT ypOBHS MOpS ISl KaXIOW U3
30H omnpenensercs 1o popMyie

<Q,(h)>= IQI- () p(h)dh (4)

rae p(h) - rayccoBa IJIOTHOCTB pactpeelieHus ypoBHs, Qj— BbIpaKEHHUsI, OIpeaeisieMble
3aBucumoctsamu (3), i=1,2. Beimonusis uHTerpupoBanue (4), moaydaem gopmyiny (5)
h’ i

i _ il

. : - d |
j% e 2 —¢ 2 +T{erf(—) ef(a}} C{l—erf(—f)} (5)

rae erf — pynkuus ommbok, i=1,2 — HoMepa 30H pucka. JIerko yOeauThCs, 4TO MPU O—»c0
BenmmunHa <Qi>—>Ci/2. JIns oObeaMHEHUS 30H MaTeMaTHYeCKOe OXHJaHUe yiepOa paBHO
CyMMe MaTeMaTHYeCKUX OXKUIAAHUN JUIS KaKI0U U3 30H.

<Qi >=

MareMaTHuecKue OXHuIaHus yiepOooB Kak GyHKIUH cTaHIapTa YpoBHS Mops A 1-ii
U 2-il 30H pucka W HMX OOBeAMHEHHs mNpuBeaeHbl Ha puc.3 b. TlomyueHHbIe BeNUYUHBI
yiepOoB MOTYT OBITh HCIOJB30BAHbI, HANpUMeEp, NMPH IJIAHUPOBAHUHM Oepero3amuTHBIX
MEpONPUATHA Al COMNOCTABJIEHHUSI PACXOJOB Ha OeperosamuTy M yuiepOooB mpu ee
OTCYTCTBHH.
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Ounenka cpeaHux Yymep0oB sl CeIbCKOI0 XO03filicTBAa W He(Tera3oBoil
NMPOMBINIEHHOCTH Pecny0immkn Azepoaiikan

PaccmoTpuMm cHauana npumep pacdera MaTeMaTHYeCKOro OXXKHMIaHMs yuiepda oT
MIOBBIIIICHHUS] YPOBHS MOPSI JJIsi CETBCKOTO X03siicTBa AzepOaiimxkana. Ha puc. 2 mpuBeneHa
3aBUCUMOCTH ylepOa OT 3aTOIUIEHUS CeIbCKOXO3AHCTBEHHBIX 3eMeinb Kacnuiickum mopem,
IIOCTPOEHHAs C UCIOJIb30BaHUEM JJaHHBIX, NpuBeAcHHbIX B (ITocneactsus..., 1997).

a 4]
Qh) =)=
F§ ,’I 500
1000 - yimm e n e
2
3
L "l | ! 4 1
. L h : =

Puc. 4. Yuiepd oT 3aTOoIuieHHs CeIbCKOXO3sAHCTBeHHBIX yroaui (PecmyOnuka AszepOaitmxan). a —
3aBHCHUMOCTH yiep0a oT ypoBHS Mops: 1 ¥ 2 — KyCOUHO-TUHEHHBIC alMpPOKCUMAIUU, 3 — TI0 JaHHBIM
(TTocnenctBus...,1997), hg~ 0.7 M u h; ~ 1.3 —ormeTtku ypoBus Kacniusa; b — 3aBucumoctu 1 u 2
M.0. yiiep0a OT CTaHJapTa ¢ KoJieOaHUuH ypOBHsI MOPS, COOTBETCTBYIOIIHE anmpokcumarusaM 1 u 2 Ha
puc. 2a. Ymep6 usmepsiercs B muH. USD.

Kycouno-nuneliHas anmpokcumanus 1, mnpuBeAeHHas Ha puc. 4 a, OTBedaeT
OPEINONI0KEHUI0O O TOM, YTO CEJIbCKOXO3SMCTBEHHBIE YroJbsi PAcIOJIOKEHBl Ha
NOJTyOECKOHEYHOM HWHTEpBaie OTMETOK [hg, o). TlomoxeHuio 3TuX yroawii B 30HE pHUCKa,
omnpeensieMoM uHTepBaioM [ho, hi] cooTBeTcTBYeT anmpokcumarus 2.

MaremaTiueckoe OXuAaHWEe yriepOa HaXOIUTCS B MPEIANOI0KEHHH TayCCOBOCTH
npoiiecca KojebaHuil ypoBHs MOPA.

Kak M0xHO BHIETH U3 pUC. 20, 3Ta BETMYMHA CYIIECTBEHHO 3aBUCUT OT TOTO, IMEET JIN
MECTO pOCT yuiepba Ha momyunHTepBaiie [Ng, o) win ke ymepd cocpeoTOueH B JHMAIa30He
orMeTok [hg, hq].

[Tpu crangapte ypoBHS 0= 1 M (T.e. MPUMEPHO PaBHOM COBPEMEHHOMY 3HAYEHUIO),
<Qi(1)>=248 u <Qy(1)>=166 w™man. USD. Takoii ymep0d [TOMKEH CUUTATHCA
«HOpPMAJIGHBIM», B HM3BECTHOW Mepe «3alIaHMPOBAHHBIMY», €CTECTBEHHO, NMPH COXPaHEHHH
YCIIOBUI 3€MJIETIONB30BAHMS, OTCYTCTBHSI CTPOUTEIHCTBA OEPETO3aUTHBIX COOPYKEHUH, TpH
CTallMOHAPHOM CTOXACTHYECKOM TIpoIiecce KojeOaHuil ypOBHS MOPS U T.J.

3aBucumocts ymepba Q(h) B HedTsHOW M ra30BOM NPOMBINUICHHOCTH PecmyOmuku
AzepOaifjpkaH OT TIOJOKEHHUS YPOBHS MOPST ¥ 3aBHCHMOCTH MaTEMaTHYECKOTO OXKHIaHHS
ymepba <Q(o)> ot cranmapra KojeOaHWH YpOBHS TPHBEICHBI Ha pUC. 3a H 0,
COOTBETCTBEHHO.
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Puc. 5. Ymep6 (mnpa. USD) B HedTsHOW u Tra3oBOil NPOMBIIIICHHOCTH A3epOaiimxkaHa OT
MOBBIIICHHS YPOBHS Kacnuiickoro Mopsi. 8 — 3aBUCUMOCTH yiepOa OT ypoBHS Mopsi: 1 — o JaHHBIM
u3 (IlocnexctBus ..., 1997), 2 —annpokcumaiys; b — 3aBUCHMOCTH MaTeMaTHYECKOTO OXHIAHUSI
yiep0a oT cTaHAapTa KojaeOaHuid YpOBHS MOPSI.

Ha wunrepBane 3HaueHuil cranmapra ypoBHs (0, 2 M) MaTeMaTUYeCKOE OXKHJIaHUE
yiiepba B JaHHOM cCllyyae CHJIBHO 3aBUCHT OT CTaHAapTa ypoBHs. [l cTanzapTa ypoBHS,
paBHOrO 1 M, MaTeMaTH4ecKoe OXKuAaHue yniepoa npumeprno paHo 700 maa. USD.

OneHka MareMaTH4ecKoro OXXKMIaHWs yiiepOa € yd4yeTOM H3BECTHOI'O HayajabHOI'O
YPOBHSI MOPSI MOKET OBITh TIOJTy4EeHA C UCIIOJIB30BAHNEM YCIOBHOU (DYHKIIMH pacrpeaeeHus
BEPOSITHOCTEN YPOBHSI.

st mro6oro MmoMeHTa BpeMeHH t > 0 maremaTHueckoe okuaaHue ymepOa sBIiseTCs
(GyHKIMEH YCIOBHBIX MAaTeMaTHYeCKOrO OKUIAHWS YPOBHA W CTaHIApTa YpOBHS,
<Q(t)>=a[<h(t)>, o(t)]. IIpu t — co Bemmuuna <Q(t)>— <Q>, T.e. K yuepOy B yCIOBHIX
CTallMOHApHOTO pekrMa. BooOrie roBopsi, 3aBUCHUMOCTb YIIEPOOB OT BPEMEHH MOXET ObITh
HEMOHOTOHHOM B 3aBUCUMOCTH OT X0/J1a YCIIOBHOI'O MaTeMaTUYECKOI'0 OKUIaHUS YPOBHS.

33 80:10011 81

Pa3pabarbiBaeMasi MeTo/IMKa OLEHKU YIIEpOOB Kak (YHKIMH CIydyalHBIX KojieOaHui
YPOBHS MOKET ObITh MPUMEHEHA ISl OIEHKU SKOHOMUYECKUX U HKOJIOTHUYECKUX MOCIEICTBUIN
M3MEHeHus1 pexuMma koniebanuii Kacrus (oTcedeHusi MENKOBOJUM, W3MEHEHHUS BOJHOTO
Oanmanca u T.n.). Hanpumep, BIusHUE yBENTWYEHHS IUCIEPCUH YPOBHS MOpS B PE3yNbTaTe
orceuenus 3anuBa Kapa-bora3z-I'oi MokeT ObITH OIIEHEHO B JCHEKHBIX SAMHUIIAX.

OneHka yCIOBHOTO MaTeMaTHYeCKOro OXHMJaHus yiiepOa, ToilydeHHas IO
MPEAJIOKEHHON METOJMKE, MOXKET OBITh MCIOJIb30BaHA MPU CTPAXOBAHWU XO3SHCTBEHHBIX
OOBEKTOB, PACIONOKEHHBIX B MPUOPEKHO-IMIENb(POBON 30HE MOpS OT HEOIAroNpHUSTHBIX
BO3JIEUCTBUI YPOBHS MODSI.

Hccneoosanus 6viiu evinonnenvl npu noooepaicke Poccutickoeo gponoa
@ynoamenmanvrwix uccredosanuii (2panm 08-05-01064)
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AHHOTAMA

[Tpu pa3paboTke TOATOCPOUHOTO MPOTHO3a KIUMaTHYeckux m3mMenennii B CeBepo-Kacnuiickom
PEruoHe UCIIO0JIb30BaHbl U3BECTHLIC HA CCFOILHSIHIHI/Iﬁ ACHb OCHOBHBIC 3aKOHOMEPHOCTH 3aBUCUMOCTHU
KITUMaTa 3eMJIA OT IHMKIJIOB COJMHEYHOW aKTHMBHOCTH M (PIYKTyaI[il CKOPOCTH BparmeHUs 3eMIIH O]
BIIUSIHUEM TPaBUTALIMOHHOTO B3ammojeicTBus 3emun ¢ Jlynoi, ConHIleM U IJIaHETAMHU COJTHEYHOMN
CHUCTEMBI.

BBenenue

B pa6ote H.C. Cunopenkora (2003) npuBOAATCS TECHBIE CBSI3U (QIIYKTYaI[Hi BpaIeHUs
3emMiu ¢ KONEOAHUSIMH KIUMATHYECKUX XapaKTepUCTHK. B mepuoapl 3amenieHus CKOPOCTH
BpallleHus1 3eMJIM TOBTOPSIEMOCTh MEPUIMOHANIbHOU GopMmbl aTMochepHoit nupkysuuu (C) B
nepBoM cektope CeBepHoro momymiapus (ot 50° 3.1 go 80° B.A.) yBenuuuBaercs, a
3oHainbHOM (W u E) ymenbiaercs.

[Tpu >TOM yMeHbIIAaeTCsl Macca JbJa B MOMSPHBIX 00JACTSAX U TEMIT pOCTa TI00ambHOM
TEMIEpAaTypbl BO37yxa, oOOIIee KOJWYECTBO O0O0JIaYHOCTH U ocaakoB. OJIHOBPEMEHHO
YBEJIUYUBAETCS CPEAHSSI CKOPOCTh BETPa B MPU3EMHOM CIIO€ U UCHAPEHHE C MOBEPXHOCTH
CyIIIA U MODSL.

B 1973 r. nHavasica mepuoJl yCKOPEHHOIO BpallleHHs 3€MIJIM, KOTOPbIM B HAacCTOsIIEe
BpEMsI CMEHSIETCS TIEPUOJIOM 3aMEJICHHOTO BpAIllEHUs 3€MJTH, YTO MPUBEIET K HA4aJly HOBOM
KJIMMAaTU4YeCKOH 3M0XH, KOTopast MpoAsuTcst okoiio 35 net (1o 2040-2045 rr.).

BinsiHue UMKIMYHOCTH TPOILIECCOB COJIHEYHOM AaKTHUBHOCTM Ha KIMMAT 3eMIIH
YCTaHOBJIEHO OoJiee IBYX BEKOB Ha3aj U ceiddyac HU KeM He ocnapuBaeTcs. OCHOBHBIC IIUKIIBI
COJIHEUHOM aKTUBHOCTHU CJICTYIOIINE:

e 11-tu nernue nukisl ([1IBabGe-Bonwda) onpenensirorcs konnyectBoM misiteH Ha ComHIIE.
3a LMK B3SIT MNPOMEXYTOK BPEMEHU MEXAY IByMsI MHUHUMYMaMH COJTHEYHBIX IISITEH.
[IponomxurensHocTs 1Mkia ot 7,3 mo 17,1 roma, B cpegnem 11,2 roma (orcroma
Ha3BaHue «l1-tm nerHue»). Haumnas ¢ 1755 1. KaXAblii IIUKJI UMEET MOPSAKOBBII
HOMED;

o 22-nerame 1wkl (Xoina). Ilpu mepexome ot omgHoro 11-Tu neTHero IUKIa K
JPYroMy MEHSETCA TOJSAPHOCTh TOJIOBHOTO M XBOCTOBOTO COJIHEUHBIX TISITEH B
KaxaoM mnonymapur CoJHIA, YTO MO3BOJWIO XOWIY BBIACIUTH 22-JTE€THUM LMK,
COCTOSIIMH M3 YETHOT'O M HEUeTHOIO 1 1-TH JIETHUX IIMKIIOB;
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o 80-netHue («BekoBble») LUKIBl ycraHoBua A.JI. Tanckuit. B 1939 r. I'neiicOepr
paccuuTan MPOJOJDKUTEIBHOCTh BEKOBBIX LUKIOB B 78 ser. CyllecTBOBaHHE 3ITHX
uukI0B noaTeepani M.H. ['HeBbIleB;

e 190-netnue nwmkibl («uHOUKTHIMOH»). B 1948 1. JLJI. IIpenredyeHckuii
YCTAaHOBWJI IHMKJ COJTHEYHOW akTHUBHOCTH B 190 Jser, KoOTOpwIi ObUI Ha3BaH
WHJIMKTHOHOM - Bo3Bpamatoummcs, J[.A. BoHOB paccuuTan mnpoI0KUTETEHOCTh
WHIUKTHOHA B 176 et (8 mukioB mo 22 rozaa).

Pa3nuunst B MarHMTHBIX CBOWCTBaX YETHBIX M HEUYETHBIX 11-TM JETHUX LHKIIOB
ONPEACIISIIOT Pa3inyurs UX BO3JEHCTBUA Ha KiuMatr 3emud. B ssuBape 2009 r. Hayancs HOBBIM
24-p1ii  ogMHHAAUATUICTHUA 1uKiI. Ilukn dveTHeii. Ero BiausgHue Ha KIMMaTHYCCKHC
XapaKTEPUCTHKU MPOSIBATCS B CIEAYIONIEM:
® B MEPUOJbI MaKCHMyMOB COJIHEUHOW AaKTHBHOCTH IMKJIA aTMOC(EpPHOE [aBJICHHE B

ApPKTUYECKOH 30HE OyIET MOHMKATHCS, & B YMEPEHHBIX IIUPOTAX MOBBIIIATHCS;

®¢ B MakCHMYyMBbI COJTHEYHOW aKTUBHOCTH OY/AET yCHUIMBATHCS 30HAIBHBINA TUI HUPKYIALUN
aTMoCQephl;

® CHJIBHO Pa3BUTHIC YHHIIOJSIPHBIC MAarHUTHBIC MMOJS OYAyT YCHWJIMBATH MEPHINOHATBHBIN
TUT aTMOC(EPHON HUPKYIISAIUH B YeTHBIN 1 1 -eTHUN TIMKIT;

e 000CTpeHHE MEPUIMOHATLHON IUPKYIIALUY B CPETHUX MIUPOTAX YCHIIUT TeMIepaTypHbIe
KOHTPACThI 3a CUET BTOPXKEHHUS apKTUYECKOro Bo3ayxa a0 mupoTsl 30-50° c.i. u
MPUBEJIET K 001IeMy TOHMKEHUIO TEMITEpaTyphl BO3IyXa.

CnenyeT OTMETHTH, YTO C y4€TOM CYMMAapHOW IUIOIIA[M COJHEYHbIX msATeH B 11 -
JIETHEM IIUKJIE [IOMUMO OCHOBHOT'O BBIJICJISIIOT €III€ TPU MaKCUMyMa aKTUBHOCTH:

e 3a -2 roga 1o OCHOBHOIO;

e uepe3 1-2 roja mnocie OCHOBHOTO;

e uepes S JIeT MOciie OCHOBHOTO.

OcHoBHast YacTh
W3meHeHus kimMmaTa moj BIUsSHUEM (UIYKTyalllil COJHEYHOW aKTHBHOCTH B Ka)KJIOM
pErvoHe TMpPOSIBISIIOTCSL  MO-pa3HOMY B COOTBETCTBUM C  €ro  reorpaduyeckuMu
ocoOeHHocTsIMH. V3MeHeHMsl kinMmaTa Ha noOepexxbe u akBatopuu CeepHoro Kacmus
UMEIOT OJIHOHANpaBICHHBIH Xapakrep. Tak, TemmepaTypHbli pexum 1o aaHHeiM MC
Actpaxans, Tronenuit, Kynansl, ['antomkuno, Ateipay, [lemnoii, @opr-1lleBuenko 3a 1938-
2003 rr. U3MEHSICS CHHXPOHHO U CUH(Da3HO.
Wwmest nanHble HaOMOAeHUN 3a TeMmepaTypoil Bozayxa no MC Actpaxanb ¢ 1836 r.,
MO>KHO BBISIBUTH OCOOCHHOCTH TEMIIEpaTypHOrO pexXuma B nepuoa ¢ 8-ro mo 23-i
OJIMHHAALATUIETHUM IIUKJI COJHEYHON aKTHBHOCTH M PaclpOCTpaHUTh MX Ha Bech CeBepo-
Kacnuiicknii permos.
Boinenen unnuktuon (1833-2008 rr.). OH cocTouT U3 ABYX BEKOBbIX HUKIOB (1833-
1923  u 1924-2007 rr.) 1 u3 BocbMu 22-netHuX. [IponomxurensHocts nukia 176 ner (uro
cootBeTcTBYeT pacueraM J[.A. bonoBa). Kaxxblii BEeKOBOM LIMKI COCTOUT U3 BOChbMU 11-Tm
JIETHUX U 4eTbIpex 22-x neTtHux. [IpopoimkurensHocTs neporo — 91 rox, Broporo — 85 ner.
OCOOEHHOCTH ~ TEMIIEpaTypHOTO0  pEeXHMa  LUKIOB  COJIHEYHOH  aKTHUBHOCTH
clIeyIolue:
® cpenHsAs TemIepaTypa BO3JyXa YETHOro 11-1eTHero nukia XojaoJHee HEYETHOTO (B mape
COCTaBJISIFONITUX 22-JIeTHUM UK Xoima) B cpeaneM Ha 0,5°C;

® CpeaHss TeMmIeparypa XOJOJHOIO ce30Ha roja (HosOpb-MapT) YETHOTO IMKJIA XOJIOJHEe
HEYETHOTO, B cpenHeM Ha 0,9°C;

e CpemHsAS TeMreparypa Bo3ayxa mapTa detHoro nukia Ha 0,8°C, despans na 1,7°C, a
nekadps Ha 1,1 °C XoJ0/1Hee COOTBETCTBYIOIINX TEMIIEPATyp HEUETHOTO ITUKIIA;

e cpedHss TeMIepaTypa Bo3ayxa ¢a3bl Ccliafa COJIHEYHOM aKTUBHOCTH YeTHOro 11-nmeTHero
LUKJIAa XOJIOAHEEe HeUueTHOro B cpeanem Ha 1,0°C;
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e HauOolee HH3KYI0 TEMIIEpaTypy Ha TPOTSHKCHHH BEKOBOTO IIMKIA COJHEYHOM
AKTUBHOCTH MMEET MEpBBIM M TpeTud 1l-1eTHue UUKIbL, C MATOro mo BochbMou 11-
JIETHUM LUKJI TEMIIEpaTypa BO3/1yXa OBBILIAETCS;

e CpelnHsAs Temmeparypa Bo3[dyXa 22-JIETHUX LHUKIOB, COCTABJISIOIIMX BEKOBBIA LMK,
MOBBILIAIOTCS OT IMEPBOr0 K YETBEPTOMY IUKIY, MPU 3TOM HAWOONbIIUNA POCT
TEMIEPATYPbI BO3/1yXa HA0JII01a€TCs B IIEPBOM M UETBEPTOM IIMKJIaX.

B memom, Ha TPOTSHKEHHH «BEKOBOTO» IMKJIA COJHEYHOW akTMBHOCTH (80-90 1ner)
TEMIIEPaTypHBIA PEKUM pPa3BUBACTCS CIEAYIOIEM 00pa3oM: TeMmIepaTypa Ha MPOTSHKEHUU
MEepBOro M TpeThero 11-JeTHUX IUKIOB HUXKE HOPMBI, a C MATOr0 MO BOCBMOW 11-neTHui
LUK — BbIlIe HOpMBI. [[OBTOPSIEMOCTH XOJIOAHBIX 3UM BBIIIE B YETHBIX |1-71€THUX LUKIIAX, a
MOBTOPSIEMOCTh TEIUIBIX 3UM — B HEUETHBIX 11-meTHux muknax. CylmecTBEeHHO pa3indaeTcs
TEMIIEpaTypHBI PEeXUM Ha pa3HbIX (azax pa3Butus |1-merHero nwmkina. Ha dasy cmama
COJIHEYHOUM aKTUBHOCTHU MPUXOIUTCS 0KOJIO 70% 3KCTpeMaIbHO XOJOAHBIX U TEIUIBIX FOJIOB.

HoBbiit 24-i1 yeTHBIM ONMHHAANATUICTHUN ITMKJ COJHEUHOW AKTUBHOCTH HAdalicid B
saBape 2009 roga u npommurces 10,8+0,7 ner (mporunos). XapakTepHoe sl 4eTHbIX 11-TH
JETHUX IMKIIOB TOHW)XEHHE aTMOC(EpPHOTO JABJICHUS B TOJSAPHBIX OOJIACTSX MPHBEIET K
CMEUICHUIO LEHTpa apKTUYECKOIO0 AaHTUIUKIOHA K CEBEPO-BOCTOKY. ATIIAHTHYECKHUE
UKJIOHBI, (DOPMHUPYIOIIKECS BO BIAKHOM MOPCKOM BO3IyXe€, OyIyT NMPOXOIHUTH CEBEpPHEE
0OBIYHOTO, YTO MPUBEAET K YMEHBIIICHUIO KOTMYECTBA 0caKOB B Oacceiinax Bonru u Kamsl u
YMEHBILIEHHUIO I'0I0BOr0 cTOKA peku Boisrm B Kacnimiickom Mope.

B Cesepo-KacnuiickoM pernoHe yCHUIUTCS aHTULUUKIOHUYECKAs LUPKYJSIUSA TMOJ
BIHMstHAEM TpeOHeit A3opckoro u Cubupckoro aHTUIHMKIOHOB. [loroga craHer 3acynuimBee.
KonunuecTBO 0CagKkoB yMEHBIIUTCSA, OCOOEHHO B OCEHHEE-3MMHMI TMEepUOJI U BECHOHM.
KonTruHeHTanpHast apKTH4ecKas BO3AYIIHAs macca, B KOTOpod ¢opmupyercss CuOupckuii
AQHTULMKIIOH, B PE3YJIbTATE MHTEHCUBHOI'O PAJIMALIMOHHOIO BBIXOJIAKUBAHUS B 3UMHUI CE30H
roJia ONpeieauT pe3Koe NOHUKEHUE TEMITEPaTypbl BO3ayXa.

Ycunenne MepuaAOHANIBHON (OPMBI IUPKYIALUUA aTMOC(EpPhl B IEPUOABI MAKCHUMYMOB
COJIHEYHOM aKTHUBHOCTU NPUBEIET K elle OoJblIeMy MOHMKEHUIO TEMIEepaTyphl BO3ayXa B
OCEHHHH 3MMHEHW CE30H 3a CYET BTOP)KEHHS apKTUYECKOrO0 BO31yXa II0 HOPMaJIbHON
MIOJISIPHOM M yJIbTpa MOJSPHOMN OCSAM.

Cpennsis rogosas TeMIieparypa Bo3ayxa B 24-oM LMKJIE COCTaBUT OKojo 9°C, 4To Ha
0,6° Hmxe MHorosieTHed HopMbl M Ha 1,8°C Huke, yeM B 23-om umkie (1996-2008 rr.).
[TonwxeHne cpeaHed ToJOBOM TeMIeEpaTypbl HPOU30MAET 3a CYET PE3KOr0 CHHKEHUS
TEMIIEPATYPhI XOJOJHOTO ce30Ha roja (HosOper-mapt) go -3,0-3,5°C, gro 0,7-1,2°C Hmxe
HOpMbI U Ha 3,0-3,5°C Huxe, ueM B 1996-2008 rr.

TakuMm o6pa3zam, 10 OKOHYaHMSI JECSATHIX I'OJIOB TEKYIIETO CTOJETHH MO ACTpaxaHCKOM
obnactu u akBaropuu CeepHoro Kacmmus criemyer 0XuIaTh 3aCyIUIMBYIO, C XOJOJHBIMHU
3UMaMH M CUJILHBIMH BOCTOYHBIMH BeTpamu, moroay. O0Iiee CHIKEHUE KOJIMYECTBA OCAIKOB
no Bonro-Kamckomy Oacceliny NmpuBeIeT K yMEHBIIEHHIO 00BEMOB TOJIOBOTO CTOKAa PEKH
Boaru, k HU3KUM BECEHHHM TMOJHOBOIBSM, YMEHBIICHUIO TJIYOWMHBI HA OTIEIbHBI
CYJIOXO/HBIX YYaCTKaX pPeK J10 KPUTUYECKUX 3HAUEHUN B JIETHIOIO M OCEHHIOIO MEXEHb,
cHKeHUlo ypoBHs Kacmuiickoro mopsi. YBEIWYUTCS NPOJOJKUTENBHOCTh JIEIOCTaBa B
nenste Bonrn m Ha CeBepHom Kacrimu. 1IpogoimkuTenbHOCTh 3MMBI BMECTO MPHUBBIYHBIX 32
nocneaane 20 ner 80-100 mueii yBenmuutcs no 100-120, a B otaenbHble Toabl 10 120-140
JTHE.

Hamu nmopcuutana moBTOPSEMOCTh OYEHb CYpOBBIX U CYpPOBBIX 3UM 3a mnepuon 1924-
2006 rr. beuto 3apeructpupoBaHo 8 odeHb CcypoBbIX 3uM (10%), 9 cypoBwix (11%),
OCTaJIbHBIE 3UMBI B COBOKYMHOCTH cocTaBmiIn 79% ot obiiero uncna 3uM. Takum o0paszom,
MOBTOPSIEMOCTh OYEHBb CYPOBBIX 3UM COCTaBHJIA 3a BeCh repuoj Habmoaenuit 1 pas B 10 mer,
cypoBbIX 3uM — | pa3 B 5 net (byxapunus, 1994).

B nocnegnue pecsatunerus B HU30BbsIX Bonru u Ha CeBepHom Kacnum mpoucxoauia
CYLIECTBEHHasl IMEpecTpoiKa KJIMMaTudeckux mnpoueccoB. Ckasajack OHa M Ha
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MOBTOPSIEMOCTH CYPOBBIX 3uM. OYeHb CypoBasi 3MMa MOCIEeIHUN pa3 HaOII0Aanach B 3MMHUIN
cezon 1968/1969rr. B mocnenyronue 37 JeT OYeHb CYpPOBBIX, M /AK€ CYPOBBIX 3UM B
HU30BbAX Bonru u Ha CeBepHoM Kacriuu He Habmroganock (Tadu. ).
Taoauna 1
CyMMa cpeIHECYTOYHBIX OTPULIATEIBLHBIX TEMIIEPATYp BO3/1yXa 3a 3UMY 110 JaHHBIM
HaOmoaenuit Ha MC Actpaxasdb ¢ 1984 o 2010 1.

Tonwt HOSIOpH nexadpn SIHBAPb (erpaan MapT cymma
c01.11 1o 21.03
1984-1985 o6 2244 1720 178,7 s 725,2
CI8.11 70 25.03
1985-1986 Py 89,8 711 1533 5 378,3
1511 70 29.03
1986-1987 pag 81,2 2533 1187,3 %020 661,0
cll.11 Jo 11.03
1087-1988 283 86,4 2064 2238 . 550,7
c03.11 702002
1988- 1989 e 60,3 76,6 i : 1944
1989-1990 ‘e 495 1205 98,3 o 1003 2791
c10.12 70 11.03
1990-1991 . 06 -108,6 162,9 s 3895
0211 70 17.03
1991-1992 ok 1117 92,6 86,6 12 3116
26,11 70 16.03
1992-1993 o 1221 1139 1397 e 4315
c08.11 70 15.03
1993-1994 2002 1166 1136 1497 a 6425
c06.11 70 17.03
1994-1995 o 1478 292 14,4 6 2489
1411 70 29.03
1995-1996 H 1214 2283 1134,0 iy 516,7
1996-1997 . -100,8 -205,2 11330 o893 4398
c06.11 70 26,03
1997-1998 R 1408 1985 2016 o 5683
1998-1999 © ot 88,4 70,2 31,1 39 2531
1999-2000 “ovg 174 278 12,0 . 1527
2000-2001 YPS 41,6 88,8 68,6 28 2236
2001-2002 ¢ 00! 1176 61,7 13,0 : 11960
2002-2003 11,6 2893 745 1555 29,1 560
0212 70 22.02
2003-2004 . o 58,7 e . 98,4
2004-2005 el 77 35,9 1165 . 1786
2005-2006 . TS -346,7 1291 . 486,7
c19.11 -1,4
2006-2007 309 371 7,9 84,7 N 166,0
<711 1410
2007-2008 e 11003 2749 e . 54,9
c14.12
2008-2009 . gy 13 60,0 135 2174
2009-2010 ¢ 15.12 0 19.02 -407,7
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Urto Kacaercs JEASHOrO TMOKPOBAa, TO MAKCUMAJIBHOW TOJILIWHBI POBHBIA JIEN
ecTecTBeHHOro Hapactanus Ha CeBepHoMm Kacmuu mocturaer B siHBape-peBpasie U Jaxe B
OYEHb CYpOBBIC 3UMBI, KaK MPaBUIIO, HE MpeBbIaeT 60 cM B ceBepo-3araHON 4acTH MOps, U
90 cM B ceBepO-BOCTOUYHOM (TaldI. 2.).

Taoaumna 2

AOcCoIIIoTHEIE MAaKCHUMYMbI TOJIIWHBI JIbAA B ACJIBTC Boiru n Ha CeBepHOM Kacroun

Jexadpb SuBapsb Deppaib Maprt
J14%: 1)
Ha0.01eHuii 1-s 2-51 3-51 1-s 2-51 3-51 1-s 2-51 3-51 1-5 2-51
JeK.  JeK.  JeK. JgeK.  JeK.  JeK. JeK.  JeK.  JieK.  JeK.  JeK.
AcTtpaxaHb 32 42 46 49 47 52 60 64 64 62 60
UxkpsiHoe 19 37 40 41 44 55 66 71 71 67 63
Ounst 19 27 29 32 35 45 52 55 55 46 35
o.M ckyccTBeHHBII 15 20 21 28 38 49 52 55 55 47 36
o.Tronenuit 20 20 20 20 40 45 50 52 50 50 43
o.Ywncras banka 17 22 26 28 42 56 69 70 68 67 59
0.YKaTHBIH 28 36 43 46 47 53 53 54 56 60 60
0.3.B Ilanbira 35 47 58 61 64 64 64 64 70 74 72
0.b. TTemHo# 35 41 60 75 64 72 75 78 75 70 69
Kuras Koca 25 45 60 66 70 73 83 86 88 90 89
o.Kynasi 16 23 26 29 34 46 46 55 56 57 54
BriBoabI

Cronp 3HAUUTENIbHBIE W3MEHEHUsS KIMMATUYECKUX W TUJPOJOTUYECKHX YCIOBHH,
MPOTHO3UPYEMbIE HaMU Ha OdrKaliiue TOabl, OE3yCIOBHO, HETaTUBHO CKAaXYTCS Ha
NESTENIbHOCTH BceX, 0e3 HCKIIOUeHUs, OTpacieil SKOHOMHKUM HE TOJNBKO AcCTpaxaHCKON
obnmactu, HO U Bcero CeBepo-Kacnuiickoro permoHa. JTO MNPUBEAECT K  3HAYUTEIHHBIM
JIOTIOJIHUTEIIbHBIM MAaTe€pUajJbHbIM 3aTpaTaM Kak B TEIUIble, TaK U B XOJIOJHBIE CE30HBI
paccMaTpuBaeMoro nepuoa.

VYcunenue apuIHOCTH KJIMMAaTa HEraTUBHO OTPA3UTCS HA CEIbCKOM XO3SIICTBE, BOJHOM
TpaHCIIOPTE, 3aTPOHET PBIOHYIO oOTpaciab. B JneTHue wmecsubl OyaeT MPOUCXOIAUTh
WHTEHCUBHOE LIBETEHHE BOJBI B BoJoeMax Bonro-AxTyOuHCKO#M moiiMbl U aenbThl Bonru. OT
HEJI0CTAaTKa BOJBI OYJIET MPOUCXOIUTH MaCCOBOE MEPEChIXaHUE MAJIBIX U CPETHUX BOJOTOKOB
B moiime u nenbTe Bonru. OcobeHHO 3TOMy OyayT MOABEP>KEHBI BOJOEMBI 3amMaHBIX
MOJICTEITHBIX MIIBMEHEH.

[TorpebyeTcss  BHIOTHEHHE  JOMOJHUTEIBHBIX  OOBEMOB  JTHOYITTyOUTENHHBIX,
MEJTMOPAaTUBHBIX PpaldOT, a, BO3MOXHO, W PEKOHCTPYKIIMH MHOTHUX CYIIECTBYIOIIUX
NpUOPEKHBIX MOPCKHX W PEUHBIX THAPOTEXHHUYECKUX COOPYKEHHH M OOBEKTOB. Pe3ko
BO3pPACTyT paCXOJbl  KWJIHIIHO-KOMMYHQJIBHOTO KOMIUIEKCa Ha oOecrieueHne BOIOU
HACENIeHUsI, OCOOCHHO B TEpPUONBI JIETHE-OCEHHEH MEXEHH, W Ha OTOIUICHHE KHIIBIX,
CITY)K€OHBIX M TIPOU3BOJICTBEHHBIX MTOMEIICHUI B XOJIOIHBIE CE30HBI. 3HAYMTEIIHFHO BO3PACTET
noTpebeHue MEKTPHUUECKON U TETIJIOBOM YHEPTHH, PA3IMYHBIX BUIOB TOILTUBA.

[Tonmxkenue ypoBHs Kacnuiickoro Mopsi B MEPBYKO OYEpellb CKaXETCs Ha €ro
MEJIKOBOJHOM, ceBEepHOU yacTu. B neTHue, xapKue Ce30HbI 3TO MPUBEAET K UHTEHCUBHOMY
MIPOrPEBY U MCIAPEHUIO BOJABI C OOMUPHBIX MenkoBoauii CeBeproro Kacnusi, Bo3pacTaHuio
COJIEHOCTH MOPCKOHM BOJbI, BO3HHUKHOBEHHIO OOIIMPHBIX 30H C THUIOKcUed. Bospacrter
MOBTOPSIEMOCTh M MHTCHCHUBHOCTBH OIACHBIX CTOHOB BOJIBI, YTO OYyJET MPEMSITCTBOBATH HE
TOJIEKO CYJIOXOJICTBY, HO M HEPECTOBBIM MUTPAIUSAM MPOXOAHBIX U MOTYIPOXOIHBIX PBIO.

B xononHble CE30HBI, B PE3yJbTaTe MOHUKEHHOW TEIIOEMKOCTH MEIKOBOJIUM MO
BO3JICUCTBUEM HHU3KUX TEMIIEpaTyp W HWHTEHCUBHOTO BOJIHOBOTO TII€PEMEIIMBAHUSA B
HayaJIbHBIA TIepuoj JiemooOpa3oBanus, Ha CeBepHom Kacmuu Oymer oOpa30BBIBATHCS
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MOIIHBIN JIEASHOM MOKPOB, TOJIIMHA KOTOPOTO K CepeAMHE 3UMBI OyIeT TOCTUTaTh CBOMX
MaKCHMAaJIbHBIX, MHOIOJIETHUX 3HAYCHUH.

B cBa3u ¢ nagenuem ypoBHd Kacnus u yMeHblleHMEM TiIyOMH B MEJIKOBOJIHOM
CEBEPHOM YacTH MOpPS PE3KO BO3pacTeT HHTCHCUBHOCTb IIPOLECCOB TOPOLIEHUS JIBIA.
Ocobyto yrpo3y OyayT MpeACTaBIATH CIIOYCHHBIC TUIABYYHE JIbJbI, BHIHOCUMBIE BETPOM U
TEYEHUSMH B IN1yOOKOBOJHYIO, CPEJHIOK YacTh MOps U Jpeldyromue BIoab OeperoB Ha Ior.
JIHO Mopsi TpaKTHYECKHM NOBCceMECTHO Ha Bceil akBatopuu Cesepnoro Kacmust Oyzer
MIOJIBEP’KEHO BBINIAXUBAIOLIEMY BO3JICHCTBUIO TSHKEIBIX APEH(yIONIUX JIbJIOB.

CnHucoK MCIOJIb30BAHHOM JIUTEPATYPBI
Byxapurua I1.M. Omnacuble ruaposorunyeckue sipnenuss Ha Ceeprom Kacrmuu // BomHble pecypcehl.
1994. Tom 21. Ne 4-5.
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Abstract

The signs of the climate change over both the surface and the upper atmosphere of Iran have
been studied. The winter mean temperature at Mehrabad station in Tehran and the winter 500 hPa
geopotential heights of the window extending from 20° N to 50°N and from 25°E to 70°E were
analyzed for the period 1961-2008. The obtained results indicate that the winter atmosphere of Iran
did not show any significant trend. The existing climate variations are the variations around the mean.

Introduction

Climate change is defined as the change in the means during long periods. During the
past century there has been an increasing development in the human activities and
settlements. Urban areas have been expanded tremendously as many of villagers moved to the
cities. On the other hand, due to the health improvements the population has increased
manifold. The temperature o f the earth increase about .7 degrees Celsius during past 100
years (IPCC, 2007). And it will worsen during the next 100 years (Hewit, 2008). The signs of
this global warming are shown as the melting of polar ice (Weatherly, 2001), increase of the
climatic variability and extreme events such as daily torrential rains and heat waves or cold
spells. Many studies are carried out on the effects of this global warming. For example
Turkes et.al.(2002) studied the temperature trends in Turkey, New et.al. (2001) have
examined the precipitation variations, and Rusticucci et.al.(2007) analyzed the snow and
extreme temperatures. Some researchers that these changes are human induced process. They
are remarkable near the human settlement. And the contribution of natural causes is very
small compared to human impact. According to Gray (2001) there was no increase in the
temperature series of the polar stations or stations far from the human settlements. Thus the
natural climate change can be traced in the atmospheric pressure patterns far from the effect
of the human activities. As an example, the signs of the climate change in the lower
atmosphere were studied by Slonosky et. al. (2000) and mid atmospheric layers by Perlwitz
et. al. (2001) and vorticity patterns and surface variables by authors such as Slonosky et.
al.(2001), Jinhong, et.al. (2002), Dunkeloh, et. al.(2003.) Congbin, et. al.(1999).

Iran is located in the subtropical area where it experiences different subtropical and
extra tropical climates during the course of the year. The general climate of the region is dry.
Therefore it has naturally a variable climate (Alijani,1995). But during the recent years it is
experiencing a very variable climate. Very cold winters, unusual hot summers, abnormal
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droughts, and torrential rains followed by destructive floods (Tagiloo, 2009; Alijani et. al. ,
2008). A sound knowledge and understanding of the nature of these climatic hazards and
crises is needed for taking any action. As a result, this study tries, at first to substantiate the
existence of any climate change, and secondly, its nature as being natural or human.

It is assumed that if the climate change is anthropogenic then only it should be seen near
the humans. And we will not see any sing in the upper atmosphere. This article is interested to
see if there are any changes in the upper pressure patterns. It is important to look for natural
climate change process in the atmospheric patterns. Because it is far away from the human
influence. The climate change is defined as the trap of outgoing earth energy and not the
increase of the solar incoming energy. Therefore we can hypothesize that short term
variations are not shown in the atmospheric patterns and the climate change is the long run
change. It is reasonable to study the atmosphere rather than the surface. Due to fossil fuel
consumption the earth temperature has grown and the aerosols increased so that the climate
became warmer and every aspects of the climate such as precipitation temperature, extreme
torrential rains and many other variables are increased. Frosts have become lessened and
snow cap of the polar areas is melting - sea level is rising.

Data and methodology

The main objective of this research is to disclose any significant change of climate in
the surface or upper air patterns of Iran. The underlying assumption is that the human induced
change will be seen in the temperature behavior of the surface stations. But the natural change
could be displayed in the variations of the upper air flow patterns. To achieve the objective of
the research, the winter (December-February) mean temperature of Mehrabad station in
Tehran and the winter 500 hPa geopotential heights of the window expanding from 20° N to
50°N and 25°E to 70°E with 2.5 degrees resolution were analyzed for the period 1961-2008.
The climate of the country is usually stable during the warm period of the year. Whereas the
cold period climate is very variable and thus is more susceptible for possible changes than the
warm period. We have taken the Mehrabad station as the representative of the surface and
human settlement conditions and the 500 hPa level as showing the natural variations.

The surface analysis included the temporal variation of the winter mean temperature and
the frequency of the coldest days. The coldest day was defined as the day with the minimum -
5°C and lower.

The upper level pressure data were processed with the Principal Component Analysis
(Alijani, 2010) to identify the action centers in the region. The location of the highest loadings
of each factor was defined as the centre of action (Alijani, 2002). These centers are the
locations that the grids are very highly correlated and thus are the places that indicate
significant and highly correlated temporal variations. This procedure will guarantee the
presumption that climate change happens in the regional scale. After the action centers were
defined, their temporal scores during the study period were processed by the relevant time
series analysis methods.

Results

Surface temperature

The inter-annual analysis of Tehran mean winter temperature is shown in figure 1.
There is no sign of a significant trend but some oscillations. To describe the nature of the
temperature changes, the variation of the annual frequency of the coldest days of winter were
drawn in Figure 2. As is seen their frequency is decreasing since the beginning of the study
period. The linear trend line is significant at .05 level. Although there is a general decreasing
trend during the study period, but no significant model was fit the series. This is in accordance
with Alijani (1997). His study of the nature of the Mehrabad station temperature with Mann-
Kendal method did not show any significant change in the temperature of the station. These
two figures indicate that the extreme events have decreased more sharply than the mean
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temperature. In both Figures the variable nature of the temperature is obvious. For example in
figure 2 the very cold winter of years 1964, 1972, and 2008 have shown themselves very
sharply. In contrast there are some years that did not have any days with minimum
temperatures below -5° C.
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Fig. 1. The annual variation of the mean winter temperature at Mehrabad station in Tehran for the
period 1961-2008
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Fig. 2. The interannual variation of the coldest days frequency at Mehrabad station in Tehran for the
period 1961-2008

500 hPa height

The mean winter geopotential height values for the study period were processed with
the Principal Component Analysis and five components were extracted (Table 1). The five
selected components explained 91.5 percent of total variance. Their locations are drawn in
Figure 3. Factor 1 has explained about 26 percent of the total variance and is located over the
Siberia. This area is the domain of the Siberian High which occupies a vast area as the map
shows. It is a winter time phenomenon which is tied with a strong upper level ridge. The
variations of this ridge are very important in the climate of Iran. It usually invades all the
country during the cold period. The second factor has anchored over the Oman Sea. Strong
westerlies usually invade this area. As a result, this factor shows the southward invasion of
the westerlies which is common in real winters.

Table 1: Characteristics of the selected components

Component Eigen values % of Variance Cumulative %
1 64.9 26.3 26.3
2 49.3 19.9 46.2
3 45.6 18.5 64.7
4 36.1 14.6 79.3
5 30.2 12.2 91.5
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Fig. 3. The location of the extracted factors

The third factor stands for the Mediterranean trough. This is the most important climatic
factor in the rainfall climatology of Iran. This area controls the infrequent precipitation of
Iran. The systems coming from the northwest are explained by the fourth factor. These
systems are not as frequent as the ones coming from the Mediterranean Sea. The fifth factor
represents the fresh arctic air masses from the north pole. These are rare phenomena but are
very hazardous.

It seems from this Figure that the factors explain the positions very important to the
winter climate of Iran. Therefore understanding any variations happening to the country's
climate can be unveiled from the temporal behavior of these action centers. We have analyzed
their temporal behavior in the next section.

Temporal variations of the factor scores

The temporal variations of all factors scores are drawn in figure 4. As is seen from the
Figure only factors 2 and 4 show significant trend during the study period. The others do no
show significant trend. The correlation of factor 2 with time is 0.756 but that of factor 4 is
0.38.
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Factor 2 represents the temporal variations of the 500 hPa level height over the southern
parts of the country. It means that the height and the temperature of the southern parts of the
country have increased. The temporal autocorrelation of it (figure 5) indicates an AR(1)
model.

The time model of this factor is shown in figure 6. Its temporal trend is well marked but
with internal oscillations. As is seen from the figure, the errors are not correlated (figure 7)
and the model is accurate and acceptable.

Despite the correlation coefficient of .38, the autocorrelation of factor 4 did not show
significant trend during study period.
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Fig. 5. Correlograms of Factor 2
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Fig. 6. The autoregressive model (green Fig. 7. Correlogram of the error terms
line) of factor 2 scores (red line) of Factor 2 scores

The results of the study show that even in the atmospheric patterns there is no
significant trend. Only the southern parts of the country demonstrated a significant change
during the study period. This finding agrees with the result of Alijani (1997) who had studied
the seasonal temperature of Mehrabad station with the Mann-Kendal method. What is seen in
the figures is the oscillation about mean. For example winters were getting warm. But
suddenly the 2008 winter brought very destructive cold weather to all of the country. We can
generalize the results of the study that there is some indications of climatic change in the
south but in the north, the domain of the westerlies.

References

Alijani B. Climate of Iran. Tehran: Piame Noor Univ., 1995.

Alijani B. Some statistical characteristics of temperature variations in Iran // J. Researches in
Geography. 1997. 31. Pp. 24-33.

70



Alijani B. Variations of 500 hPa flow patterns and their relationship with the climate of Iran //
Theoretical and applied climatology. 2002. 72. Pp. 41-52.

Alijani B. et al. Precipitation intensity with Yarnal. 2008.

Alijani B. Synoptic climatology. 2010.

Congbin F., Henry F. Diaz, Dongfeng Dong, Joseph O. Fletcher. Changes in atmospheric circulation
over northern hemisphere oceans associated with the rapid warning of the 1920s // Int. J.
Climatol. 1999. 19. Pp. 581-606.

Dunkeloh, Jacobeit J. Circulation dynamics of Mediterranean precipitation variability 1948-1998 //
Int. J. Climatol. 2003. 23. Pp.1843-1866.

Gray V., Hewitt C., Jackson A. Atmospheric Science for Environmental Scientists. Wiley Blackwell,
2009. 268 p.

IPCC Assessment Report 4. Climate Change 2007.

Jinhong Z., Shaowu Wang, Xiandong Zhang. Global warming mode of atmospheric circulation //
Atmospheric science letters. 2002.10. P. 1006.

New M., Todd M., Hulme M., Jones P. Precipitation measurements and trends in the twentieth century
//'Int. J. Climatol. 2001. 21. Pp. 899-1922.

Perlwitz J., Graf H. The variability of the horizontal circulation in the troposphere and stratosphere -
a comparison // Theor. Appl. Climatol. 2001. 69. Pp. 149-161.

Rusticucci M., Renom M. Variability and trends of quality-controlled daily temperature extremes in
Uruguay // Int. J. Climatol. 2007. 10. Pp. 1002-1607.

Slonosky V.C., Jones P.D., Davies T.D. Variability of the surface atmospheric circulation over
Europe, 1774-1995 // Int. J. Climatol. 2000. 20. Pp. 1875-1897.

Slonosky V.C., Jones P.D., Davies T.D. Atmospheric circulation and surface temperature in Europe
from the 18th century t01995 // Int. J. Climatol. 2001. 21. Pp. 63-75.

Tagiloo. Synoptic analysis of frost days in Zanjan Province of Iran: MS Thesis / Tarbiat Moallem
University. Tehran, 20009.

Turkes M., Utku M. Summer, Ismail Demir. Re-elevation of trends and changes in mean, maximum
and minimum temperatures of Turkey for the period 1929-1999 // Int. J. Climatol. 2002. 22. Pp.
947-977.

Weatherly J., Bitz C. Natural and anthropogenic climate variations in the Arctic // Proceedings of the
12" Symposium on Global Change and Climate Variations, 15-18 January 2001, Albuquerque,
USA. Boston: American Meteorological Society, 2001.

THE STUDY OF ATMOSPHERIC PARAMETERS EFFECT ON THE
SOUTH CASPIAN SEA LEVEL FLUCTUATION

Rafie Zahedi, Shahmir Eghtesadi
Oceanic and Atmospheric Science Center, Iranian Meteorological Organization
Tel: +98(21)22959259-8 Fax: +98(21)22951299
rafie_zahedi@yahoo.ca, seghtesadi@gmail.com

Abstract

The Caspian Sea, the largest lake of the world, is located in an inland depression between 47
13 and 36 34 N, 46 38 and 54 50 E. One of the most striking phenomena of the Caspian Sea is the sea
level rise. Sea level fluctuates due to climatic changes, regional precipitation, water evaporation,
temperature, wind stresses, surges and geomorphology changes of the seabed, alteration of the
atmospheric transport pattern as well as human activities such as construction of dams on the major
rivers. More meteorological studies of the Caspian Sea region as well as advanced watershed and
ocean modeling must be used in order to predict the sea level fluctuation with acceptable results. The
main aim of this research was to study the evaporation and precipitation variations observed from
1993 to 2008 at five coastal stations of the Southern Caspian and determine the effects of these
variations. 1It’s found out that the mean evaporation for the analyzed period is about 922.97
millimeter that is less than the mean evaporation for the long term observation period - 1007
millimeter / year. The mean calculated precipitation for the period 1993 — 2008 is about 1292.628 that
is higher than the mean calculated precipitation for long term period - about 221 millimeter/year).
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Therefore, in the Southern Caspian, the increasing of precipitation and the decreasing of
evaporation plays an important role in the sea level rise in the last years. The statistical index and
correlation between atmospheric parameters also were determined and discussed in this research.

Introduction

During the long period the progression of the Caspian Sea water was the main cause of
damages of the coastal ecosystem, residential, commercial and administrative structures,
shipping and fishing industries. This problem has seriously threatened Iran and the Littoral
States of the Caspian Sea. The economic importance of this region is related to the following
industries and activities:

= fishery, cultivation, processing, preservation, storing, transport, marketing and selling
fish or fish products,

= suitable water for watering because of low salinity and suitable mineral composition,

= huge oil and gas reservoirs,

= shipping,

=water way connection to open sea and recreation location which is obvious to
everyone.

The important point is that the fluctuations of the Caspian Sea level are correlated with
the climate of the region. According to the climatological research, changes of the Caspian
Sea level are related to the changes of the climate. They believe that hard and long winters
have always caused the water level to increase, and warm summers have always caused the
water level to decrease. Therefore changes of sea level are directly related to the changes in
annual precipitation, surface evaporation, temperature changes during warm and cold periods,
earth global warming theory and changes in rivers' water and human activities (increase of
CO2 because of industrial activities and sea pollution by oil and finally increase and/or
decrease of evaporation). Economic and social activities in coastal regions of the Caspian Sea
can be determined with specific attention to the range of the level of oscillations (Farahani,
2005).

The Caspian Sea is divided into three parts includes Northern, Middle and Southern
Caspian. Maximum sea depth is 1025 m and average depth is 345 m. In the Iranian coasts,
most deep trench is near Tonekabon coasts. The reef which divides middle and southern parts
is located out of Iranian waters. There are about 350 rivers flowing into the Caspian Sea. The
most important (Volga, Emba, and Cura) are located in the neighboring countries, and Sefeed
Rood, Arass, Atrak, Gorgan, Haraaz, and Chaloos flow into the southern part of the sea. There
are also two important bays named Kara-Bogaz and Gorgan.

In this context the study included the investigation of Sergey Rodionov (1994) in the
national center of atmospheric research on global and regional climate interaction: the
Caspian Sea experience shows that the climatological conditions influence on the Caspian Sea
level is significant and it is possible to determine the run off effects. Ghanghermeh and et.
(2002) determined the fluctuations of water level of the Caspian Sea as a function of changes
of river delay and evaporation intensity. And short period of fluctuation is due to
meteorological and hydrological parameters that is dependent on local climatological
conditions. Bagheri Rad (2007), using the time series, determined the mean Southern Caspian
level decreases from 1925 to 1977 and increases from 1977 to 1998. Aziz Pour Mehmandary
(2007) analyzed the level of the Caspian Sea by using satellite data (Jeson-Topex posadon).

Study of some effective factors of the Caspian Sea climate

The importance of climate change and its relation to the other sciences has made
scientists of different research topics to take into consideration the effect of climate changes
in order to achieve their research goals. By giving more attention to the importance of climate
knowledge in human life, many studies have been directed in relation to the marine
meteorology and physical oceanography of the Caspian Sea up to now. These studies are
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carried out for determining temperature, precipitation, evaporation, salinity, pressure, density,
wind direction, wind speed, waves and for recognizing the regions that make waves, tide and
other relating phenomena. Some of the most important factors are described below.

Temperature. Temperature is one of the most important factors. Annual amplitude
fluctuations of temperature from average annual amplitude, in the north of the Caspian Sea
vary more fast comparing to the south of the Caspian Sea. As a general rule, eastern shores of
the Caspian Sea are warmer and drier while the western shores of the Caspian Sea are colder
and more humid. The southern part of the Caspian Sea never freezes because of its high mean
temperature and relatively high humidity.

Evaporation. As we know, the process of evaporation is so great that without
precipitation run off, and groundwater discharge from aquifers, oceans would become nearly
empty. Most of the water that evaporates from the oceans falls back into the oceans as the
precipitation. Estimating of ocean surface evaporation is important for study of global
climate. Sea surface evaporation are estimated by using the monthly data. It is important to
forecast oceanic and atmospheric phenomena and cycles.

Precipitation. Precipitation in the south of the Caspian Sea occurs mostly in the form of
the rain, sometimes — of the rain with snow and rarely in the form of snow. Precipitation in
the south of the Caspian Sea is mainly relative to other areas and it decreases from west to
east. The highest precipitation occurs in fall and the least precipitation occurs in summer.

Investigation of the Caspian Sea level fluctuations

Usually, simultaneous effects of wind and marine currents causing temporal changes of
sea level. Northwesterly winds can push water backward to 2m in northern Caspian Sea or
can take down water around islands near coast and conversely southeasterly strong wind may
pull-up water up to 2m. The Volga entrance currents flow to sea from two points, north
western and northeastern. The different current is happening in the south. During winter,
because of temperature differences with lower layers, there exist vertical cycles as convective
currents in the south. Also in Monthly changes they are resulted from hydro meteorological
factors and it also depends on rainfall season, snow melting and other factors. The change of
water level as much as 26 cm height does not cause any problem, however annual long term
changes of water level by as much as 3m and even more can cause crucial problems. It is
important and necessary to find basic solutions for these problems. Also seasonal changes are
related to seasons of year. Maximum water entrance happens in winter and spring seasons,
and the increasing trend occurs during Feb. to May. In summer it is seen that water decreases
during Jun. to Dec. In water seasons, simultaneous parameters meteorology has caused
overflowing of water and changes in sea level.

Effective factors in water level enhancement
In recent decades, human and numerous natural factors had some influences on the
Caspian Sea level rise:

1- meteorological parameters such as precipitation and evaporation;

2- change of solar variations;

3- intensification of greenhouse effect and melting of polar ices and natural glaciers;

4- Earth tectonic effects (sea bed rise);

5- increasing number of resources and their Debby on sea bed;

6- human factor and decrease of evaporation from sea surface as a consequence of
petroleum pollution;

7- constructing of a dam in Ghareh-Bogaz Gulf opening;

8- digging of the Volga_Caspian canal;

9- deviation of riverbeds and transferring waters of north basin lakes to Caspian Sea.
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Also changes in river bed, artificial lake, dikes and human activities in these regions
caused also Caspian Sea water level to decrease to lowest value till 1977. But from 1978,
contrary to previous forecasts based on continuing water level decrease till year 2000,
suddenly sea water level starts to grow up incrementally, and water level have been increased
on average 15cm per year. This status continued until 1995 and then after 1995, retrogression
in Caspian water has been observed. Rise of water surface, has imposed environmental and
economical damages to littoral states. The transfer of industrial contaminating materials to sea
and oil production in coastal regions has also resulted in a decrease in alimentation of fishes.

Groundwater table

Input flows and effective evaporation are more effective in water surface fluctuations
and their values have striking difference with other components values. The effects of
evaporation from Caspian Sea surface is also less than input flow to it, but it has an important
role in Caspian Sea water level changes. Using the formula below, we can obtain water level
rising. Ah shows measure of level increase (Kardavani, 1995):

Ah =R+ (P-E) + G — KBG

Table 1: Volume counterbalance components

Input current  Rain  Evaporation  Input Debbie Input flow

Components to sea (R) (P) (E) to Gulf (KGB) groundwater Ah
Values (cm) 772 195 272 37 14 -28
Results

It should be noted that the atmospheric systems acting in the north of Iran during cold
and warm season shows that rainfall and evaporation fluctuation can be regarded as one of
reasons for water level fluctuation in Caspian Sea. Synoptic data of 5 coastal cities (Babolsar,
Ramsar, Noshahr, Astara and Anzali) have been analyzed by using the MS Excel software in
order to be used to study sea level changes. Graphs have drawn for parameters of
precipitation, evaporation and temperature and also have calculated correlation and
correlation coefficient between them (fig. 1-7). The graphs show from 2000 to 2003,
temperature decreases and from after 2003 temperature increases for all the stations and from
2000 to 2003 evaporation decreases and after 2003 evaporation increases. Correlation
between temperature and evaporation can be seen (figures 1-3). All the stations from 2003 to
2008 evaporation increases normally but precipitation changes periodically at the same
stations and the same time.
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Fig. 1. Temperature at Bandar Anzali Station
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Bandar Anzali Evaporation
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Fig. 2. Evaporation at Bandar Anzali station
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Precipitation Comparison of 5 Station
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Evaporation Comparison of 5 Stations
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Conclusion

Almost at all stations the precipitation shows that the rate of rainfall has decreased in
the recent years. There are small sensible effects; so the relation between temperature and
evaporation with precipitation at southern coast of the Caspian Sea is not very notable and it
is not the only main reason for the Caspian Sea level fluctuations. The other effect on the
level rising in the tectonic researches must be determined.
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AHHOTAIMA

PaccmoTpensl  0cOOEGHHOCTH  XO3SHCTBEHHOI'O HCIOJB30BaHMA 3eMeinb KaszaxcraHckoro
[Mpukacnust B mpenenax ATbipayckoi W Manrucrayckoi obOnacted, HM3y4eHO COBpPEMEHHOE
9KOJIOTMYECKOE COCTOSHHE KOMIIOHEHTOB NPHUPOJHOH Cpeabl, BIUSIIONIEE HA MPHUPOAHO-PECYPCHBII
noteHyan. C y4yeToM BO3AEUCTBHS XO3SUCTBEHHOM NEATEIbHOCTH Ha KOMIIOHEHTBI MPHUPOJHOMN
Cpellbl U YPOBHSI MX DSKOJOTHMYECKOH TpaHC(HOpMAaLUHU IMPOBEACHO (YHKIUOHAIBHOE 30HUPOBAHUE
TEPPUTOPHH.

BBenenue

['ocynapcTBeHHass SKOHOMHYEcKas NoiauTHKa KazaxcTtaHa Ha COBpEMEHHOM JTare
pa3sBUTHs CTAaHOBUTCS IOJMLEHTPUYECKOM, Oonblliee BHUMAHHUE YAEISAETCS pPErHOHaM.
BuenpstoTrcss MexaHM3Mbl CTUMYJIHMPOBAHMS KOHIEHTPALMUM PECYPCOB B 3KOHOMUYECKHU
NEPCHEKTUBHBIX palloHaX C LeNbl0 (OPMUPOBAHUS €AMHOTO BHYTPEHHETO 3KOHOMHYECKOTO
MPOCTPAHCTBA, TapMOHUYHO HWHTETPUPOBAHHOTO C TOCYJAapCTBEHHOM U  MHUPOBOH
xo3sicTBeHHOM cuctemamu (Crtparerus teppuropuanbHoro passutus PK, 2006). Llensto
CTpaTeruii TeppUTOpPUATILHOTO pa3BUTHs ATbIpayckoil n Manrucrayckoit obnacreir (2006)
SBJISIETCS YCTOMYMBOE pa3BUTHE B CUCTEME HAI[MOHAIBHOM 3KOHOMUKH pECITYOIMKH, KOTOPOe
o0ecneynT MOCTyNaTelbHble TEMIIbI Ka4eCTBEHHOI'O SKOHOMHYECKOIO pOCTa Ha OCHOBE
co3/iaHus 0e30MacHON U OIaronpUsATHON Cpeibl )KU3HEeSITeIbHOCTH HAaCEICHHUS.

[IpogymaHHasi pernoHajibHas MOJUTHKA, OCHOBaHHas Ha JOJTOCPOYHOM CTpaTeruu
MOJIEpPHU3ALMH, [T03BOJINT HAlTH cBoe MecTo [IpukacnuiickoMy pernoHy B HallMOHAJIbHOW U
MHUPOBO cucteme paszeneHus Tpynaa. Lleab cTpareruii TeppUTOpPHATIBLHOTO pPAa3BUTHS -
3aBepmnTh K 2015 romy nepexon pernoHOB «OT YKOHOMHUKH, OCHOBAaHHOW Ha MHBECTULUAX K
HPKOHOMHUKE, OCHOBAaHHOM Ha HWHHOBamMsAX». JlIg JOCTHXKEHUS JTOro HE0OXOAUMO
o0ecrieyeHne KOHKYPEHTOCIIOCOOHOCTH PErHOHAIbHON SKOHOMHUKH, YCKOPEHHOE DPa3BUTHE
HECBIPHEBBIX CEKTOPOB M MEXAYHAPOIHBIX TOProBO-d)KOHOMUYECKUX OTHOILIEHHUH, YTO B
KOHEYHOM CYeTe€ MpHUBEAET K TapMOHM3AalMM J3TUX HANpaBICHUWM C COLMAIBbHBIM
0J1aronoIy4neM HaceNeHUs M HKOJIOTM3alued BceX cdep XO3AHCTBEHHOM IesITelNbHOCTH
pernona. Ilpy  2TOM  NPUOPUTETHBIMU  HANpPABICHUSAMH  pPa3BUTHS  SIBJISIOTCS,
COBEpIICHCTBOBAHWE MH(PACTPYKTYpbl, KaK OCHOBBI pa3BUTHUS IMPOU3BOACTBEHHOIO
NOTEHLIMANa, MEXKIYHApOJHOM W PpErMOHAIBHOM MHTErpalMd SKOHOMHUKH PETHOHA,;
COBEpIICHCTBOBAHNE TEPPUTOPUATHHOTO yIpaBiIeHUs Kak cpeactBa  pocra
KOHKYPEHTOCIIOCOOHOCTH ~ SKOHOMHYECKOTO  KOMILJIEKCAa  PErHoHa;  03J0pPOBJICHUE
9KOJIOTUYECKOI 00CTaHOBKM KaK OCHOBBI yCTOWYMBOIO Pa3BUTHS.

JUis ymydiieHus: SKOJIOTHYECKOM OOCTaHOBKM HEOOXOJMMO MOJYyYEHHE LEIOCTHOH U
CHUCTEMaTU3MPOBAHHOM HMH(POPMALMM KaK II0 SKOJIOTMYECKOMY COCTOSHHUIO OTJIEJIBHBIX
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KOMITIOHEHTOB NIPUPOIHOI Cpebl, TAK M KOMIIJIEKCHOH OLIEHKE JTaHIa(THO-9KOIOTHIECKOTO
cocTosHUS B LeioM. Jlig HaydHO-OOOCHOBAHHOI'O PpELICHUS Ha3peBUIMX MpolseM
HE00X0AMMO TpoBe/ieHUE (HYHKIIMOHATFHOTO 30HUPOBAHUS C CO3JJaHUEM LIEHTPATM30BaHHON
U B3aUMOYBS3aHHOM MH(QOPMALMOHHOW cucTeMbl. @DYHKIMOHAIBHOE 30HUPOBAHHE
[pearoyiaracT MPOBEJCHUE aHAIM3a CYIIECTBYIOLIETO IMPHUPOAOIOIb30BAHUS U BKJIHOYAET
ITOKOMIIOHEHTHYIO XapaKTepUCTUKY IPUPOAHON CPEbl, aHAJIN3 COLUAIBHO-DKOHOMUYECKON 1
HKOJIOTUYECKON  CUTyalluu TeppUTOpuu. M3ydarorcss ©  KapTOorpadupyroTcsl  THIIBI
IPUPOJOIIOIB30BaHUS, CO3JAeTCs KJIacCU(UKalMg C TOYKHM 3PEHUs BO3JCHCTBUSA Ha
MPUPOJHYIO CPEY, YTOUHSIOTCS OCHOBHBIE 1IE€JIE€BBIC (DYHKIIUN CEKTOPOB JESTEIHHOCTH.

OcHoBHast yacTh

[Ipukacnuiickuii peruoH o0GiajgaeT BBIFOJHBIM TreorpaUuecKUM IOJ0XKEHUEM U
ABIISICTCA OJTHOW M3 HanOoJiee 3HAYMMbIX NPUTPAHUYHBIX pernoHOB KaszaxcTana, UMErOIUM
IPaHMIBI C YETHIPbMS COCEJHHUMM TOCYyAapCTBaMU. DTUM OOYCIIOBJIEHO MO3UIMOHUPOBAHUE
pervona B 3koHoMuke KazaxcraHa, kak cTpaTeruueckoro Jujepa Ha 3amajie pecryOoJuku —
IPOMBIIIJICHHOT0, HAyYHO-WHHOBAIMOHHOTO U CEPBUCHOIO (TPAaHCIOPTHO-IOIMCTUYECKOTO,
TOPTOBOTO U TYPUCTCKOTO).

Kpome Toro, teppuropun ATblpayckoil u Manrucrayckoil o0nacreil u mpuieraromas
akBaropus Kacnuiickoro Mops pacrosaraloT — OorareiiuM  NpUPOJHO-PECYPCHBIM
MOTEHIMAJIOM. 3anachl MUHEPaJIbHOI'O ChIPbsl MO UX MHOI000pa3Hi0, MOIIHOCTH 3ajexeil,
ynoOcTBa WX pPa3pabOTKM YHHMKAJIbHBI M NPAKTUYECKH HE HMMEIOT aHAJIOrOB B MHUPOBOM
reoJIOTHYECKOl npakThke. B OCHOBE SKOHOMHUKM pEruoHa - HeTera3oBblii CEKTOpP, 00beM
MPOAYKIIMKM KOTOPOM 3aHUMaeT okoyio 90,0 mporeHToB oT 0011ero oobema Mporu3BOAUMON B
peruoHe MpPOMBIIUIEHHONM MNpOAyKUMH. Pa3BenaHHble M MOATBEP)KICHHBIE — 3alachl
YTIIEBOIOPOAHOTO ChIphs Ha menbde CeBeproro Kacrus (Bocrounsrii Kamraran, Kamamkac-
Mmope, XKemuyxuna u 1ip.) u Cpennero Kacnus (Tynkaparan, Aram, Kypmanrassl, 6ok «H»
U p.) NPEeAoNpeIeInIN NepCIeKTUBY NajJbHEHNIIEro pa3BUTUs HEPTEra30BOro CEKTopa.

Ho, Hapsay c¢ mocTymarenbHbIM pa3BUTHEM He(Tera3oJo0BIBAIOIIETO CEKTOpa,
Omarojjaps KOTOPOMY PpErHOH TNOJy4yMJl CTaTyC <JIOKOMOTHBa» pa3Butus Kazaxcrana,
CYHIECTBYET psJi HETaTUBHBIX IOCJIEICTBUN MOKA €11€ MOHOHAIPABIEHHOIO PErMOHAIBHOTO
pa3BUTHA pErHOHa, B TOM YHCIE M B DSKOJOTMYECKOM IIaHe. OTO (OPMUPOBAHUE
3HAUUTENIBHBIX IUIOIIAZEH aHTPONOIE€HHO-HApYIICHHbIX TEPPUTOPHM, Kak CIEICTBUE
aKTUBHOM 10OBIYM, TPAHCIIOPTUPOBKU U MEepepabOTKU YIIeBOJOPOIHOTO ChIpbsi. KpynHbiMu
HKOJIOTUYECKUMHU  NpoOJIeMaMU pPErMoHa SBISIIOTCA  3arps3HEHHMs IOYBBI M BOJIBI
He(PTEeNpOAYKTaMH, TSKEIbIMH  METaJUIaMH,  PaJAUOHYKIWJAMH, 3arps3HEHHE  BOJ
Kacnuiickoro Mopst HeTenpo yKTaMu U3 3aTOIJICHHBIX CKBaXXHMH, Pa3BUTHE HA TEPPUTOPHUU
pEeruoHa OINacHBIX MPHUPOJHBIX IMPOLECCOB M Jp., KOTOPbIE B COBOKYIHOCTH OCJIOXHSIOT
HKOJIOTUYECKYI0 OOCTaHOBKY O0JAaCTM M B KOHEYHOM CuUeTe OTpaXkaroTcs Ha
xu3HecriocooHoctn HaceneHus (Hamwonaneablii ATimac PecryOmmkm Kazaxcran, 2006;
Pecnybnuka Kaszaxcran, 1. 3, 2006). B pe3ynbrare X03gHCTBEHHOMN AEATEIBHOCTH W3MEHSIOTCS
HE TOJIBKO OTJIEJIbHbIE 3JIEMEHTHI MPUPOAHON Cpe/bl, HO BCS OHA B ILIEJIOM, YTO MPHUBOAUT K
HE)KENaTeNbHbIM TOCIEACTBUSAM B peruoHanbHOM Mactirabe. [loatomy B Tpuaze ¢akTopos
YCTOWYHMBOTO Pa3BUTUS — SKOHOMHUYECKUN POCT, COLIMATILHOE 0JIaronoiydue, 3KoJorudeckas
0€30IacHOCTh — BO3HHKAaeT HEOOXOJMMOCTh BECTH HAy4yHBIH TOMCK, HaIlpaBJIEHHBIA Ha
TFapMOHM3AIMI0 OTHOIIEHUH B CHCTEME «IIpUpOJHAas cpeda U dYenoBek». OgHUM U3
MHCTPYMEHTOB  JUIsl  HAyYHO-OOOCHOBAHHOTO  HPUHATHS  pELIeHUH U sBISETCA
(GyHKIIMOHATIBHOE 30HUPOBAHUE.

YcToliunBoe pa3BUTHE NPUPOIHO-X03NUCTBEHHBIX cucTeM Kazaxcranckoro Ilpukacnus
B 3HAYUTEJIBHOM CTENEHU MPEAINoJIaraeT pealn3aluio NIPUHIMIIOB KOMIUIEKCHOTO YIIpaBIEeHUs
reocucTeMon «Mope - npuOpexHas 30Ha — cyma» (HypmamGeroB u ap., 1998; AkusHoBa,
2004). [Tpuyem npubpexHast 30Ha SBISICTCS MEPEXOTHON U HanOOoJIee CIOKHOM MOICUCTEMOH,
OHA COCTOUT W3 TEPPUTOPUN M aKkBaropuil. B mpenemax paccMarpuBaeMOMl I€OCUCTEMBI
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npupoaHbie (GakTophl (pu3uKo-reorpaduyeckre, MPUPOTHO-IKOIOTHIYECKHE) COYETAIOTCS C
COLMAIbHO-9KOHOMUYECKUMH  (CEUTEOHBIMU,  NPOMBIIUICHHBIMH,  TPAHCHOPTHBIMH,
CEJIbCKOXO3SHICTBEHHBIMH, PEKPEAIIMOHHBIMK) U KYJIBTYPHO-UCTOPUYECKUMH (aKTOpaMu. ITO
CBSI3aHO C TE€M, 4YTO TEPPUTOPUS B3AaUMOAEUCTBHUS CYUIM W MOpPsS HU3ApEBIE SBIAIACH
UCTOYHUKOM DPAa3HOOOPA3HBIX TNPUPOTHBIX PECYPCOB, CIYXKHJIA BaXXHBIM 3BEHOM IS
TPAHCHOPTHBIX KOMMYHHUKALIMA M TOProBIM, Oblia JJis HaceleHUus HauOojee LEHHON cpeaoi
00UTaHMA U OTIBIXA, T.€. TEPPUTOPUEH MHOTO(YHKIIMOHATBHOTO HCIIOJIB30BAHUSI.

B pesynbprare B3auMoAeMcTBUS CO3/1aJIOCh CIIOKHOE COYETAHUE PA3JIUYHBIX, 4acTO U
B3aMMOMCKITIOUAIONINX HHTEPECOB MPUPONOINOIb30Bareneid. B CBs3u ¢ 3TuUM, B YCIOBHSX
KOHKYPEHIIMM W Ha3peBIIUX KOH(IMKTOB, HEOOXOAMMa pa3paboTKa OCHOB YCTOHYHMBOIO
yIpaBJIeHUs, OPUEHTUPOBAHHOTO HA YIYYLICHUE KU3HH HACEICHUs, PAllMOHAIBHOE OCBOCHHE
pecypcoB, yCTpaHeHHEe KOH(IIMKTOB, YIIyUIIEHHE KOJIOTHYECKOTO COCTOSHUS U KOOPIUHALIUIO
JeSITeIbHOCTH MPUPOIOTIOIB30BATENEH.

OyHKIMOHAIbHOE 30HMPOBAaHUE, IMPOBEJCHHOE Ha OCHOBE aHAINW3a COBPEMEHHOIO
COLIMAIBHO-9KOHOMHYECKOTO OCBOCHHUS TMPHUPOJHOW CpPEIbl M HKOJIOTUYECKOTO COCTOSHUS
pecypcoB, MOXKET ONPEAETUTh I KaXJI0W U3 30H T€ TUIIBI IPUPOJIONOJIL30BAHMS, KOTOPbIE
MOTYT TpPEIOTBPATUTh WU CHHU3UTH YPOBEHb KOH()JIMKTOB, CTHMYJIMUpPOBaTh HamOoiee
BBIFOJIHBIE C COLUMAJIBbHO-3KOHOMHUYECKOM UM 9SKOJIOIMYECKOM TOYEK 3pEHHs OTPaCiH.
Metoauka (pyHKIMOHAIBHOTO 30HUPOBAHMS 3aKJIFOYACTCSI B BBISIBICHHUH KOHKPETHBIX BUIOB
UCIOJIb30BaHUsl TeppuTopuu. [ljis 3TOoro Ha Kaprax (PakTHYecKOro HpUpOIO0INOJIb30BAHMS
BBIJICIIIOTCS. TEPPUTOPHH, UCTIONB3yEeMbIe OCHOBHBIMH THUITAMHU 3€MJICTIONIb30BAHHMS
CEJINTEOHBIE;

IPOMBIILICHHEIE,
CEJIbCKOXO035CTBEHHBIE;
TPaHCIIOPTHEIE;
J€COXO035HCTBEHHBIE;
BOJIOXO3STMCTBEHHEIC;
peKpealioHHbIe, TYPUCTCKHE;
PUPOI0OXPAHHBIE.

NN E

Cnenyronmm 3tanoM paboT, B COOTBETCTBUUM C pHUC. |, sBISETCSs COLMAIbHO-
HPKOHOMHUYECKAsI XapaKTEepPUCTUKA U KapTorpadupoBaHHE KaKIOTO W3 BBIICICHHBIX THUIIOB
3eMJICNI0JIb30BAHUS U TIOCIENYIOIINM UX aHaJIU3 ¢ YYETOM UX SKOJOTHYECKOI0 COCTOSTHUS.

QIR T T KapTbl dKosoruyeckoe
AEﬂTeanOCTrI: 3eMIENONb30BAHMNS COCTORHME - MHTerpanbHas KapTa
cenutebHblit ) —> ANA OTACABHIX KomnoHenTos || 3€Maenonb3oBaHmA
"pOMb'm"eHHb:" CEKTOpOB npupoaHoii v
TpaHCI'IOBTHbIM 5 —

Ce/IbCKOX03ANCTBEHHbIN OueHKa
Necoxo3AnCTBEeHHbIN KOHQPIUKTHbIX
BOA,0X03ANCTBEHHbIN TeppuTopum

NPUPOA0OXPAHHbIN

UHTerpanbHaa Kaprta
GYHKLUMOHANbHOIO
30HMPOBAHUA
TeppuTopum

Puc.1. Jlormueckasi cxema poBeieHUs (PyHKIIMOHATHFHOTO 30HHPOBAHHS
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ITpu stom T'MC-kaprorpadupoBanue SBISETCS OJHUM W3 OCHOBHBIX CPEICTB IS LieJel
(GYHKLIMOHAJIBHOIO 30HUPOBAHUSA, T.K. CYIIECTBEHHBIM SIBJISIETCS BO3MOKHOCTh COBMEIICHUS
Pa3NUYHBIX CI0eB HMH(OpMAIMHM MO 3aJaHHOMY aJrOPUTMY U TOJyY€HHUE WHTETPaIbHOMN
KapThl 3eMJIENOJIb30BaHus. [Ipy 3TOM OJHAa WJIM HECKOJIBbKO BBINOJIHAEMBIX (YHKLUUH HpU
OIIpEICIIEHHOM YPOBHE HCIIOJIb30BAaHHS MOTYT HEraTHBHO BO3JEHCTBOBATH JIpYyr Ha Jpyra,
co3ziaBasi KOH(DJIUKTHBIE CUTyaluu. JIsl UX OLEHKH HEOOXOAMMO BBISABICHHE KOHQIMKTHBIX
apeayioB, KOTOpbIE MOTYT OBITh MOHO(MYHKIHMOHAJIHHBIMHU, NOJHU(PYHKIMOHATIBHBIE WIN
KOMIUIEKCHBIMU (HaJIO’K€HHE MOHO()YHKIIMOHAJIBHBIX U MOIM(DYHKIIMOHAIBHBIX KOH(INKTOB)
(Yyxanona, 2004).

MoHO(QYHKIIMOHANBHBIN KOH(IMKTHBIN apeal 00pa3yercss Ha TEPPUTOPUAX C BbIPAXKEHHBIM
npeobiasaHieM OTAEIbHON (YHKIMH, KOTAA CTENeHb HMHTEHCHMBHOCTH HCIOJIB30BAHUS
TEPPUTOPUU U BO3pOCLIAsl CTENEHb aHTPOIIOTEHHOW Jerpajaluy NMPUBOAAT K YMEHBUICHUIO
WM BOOOIIE K BBIBOJY JAaHHOH TEPPUTOPUH M3 X03siicTBeHHOro obopota. K mpumepy, 3to
opomaemoe 3emienenue B aenpTe p.oKaWblk, NpuUBEIIee K AaKTMBU3aLUU IPOLIECCOB
BTOPUYHOTO 3aCOJICHHSI W TPAKTHUYECKH BBIBOJLY OJTHX 3€Melb U3 CelbX03000poTa.
[TomupyHKkuMOHANbHBIM  KOH(DIUKTHBIN apeas  (opMupyercs TMpH  OJHOBPEMEHHOM
WCTIOJB30BAHUU 3€MeNlb JBYMs WM Oojiee (QYHKIUSMH. K TpUMepy CeluTeOHas H
IPUPOJIOOXPAHHAS B COBpEMEHHOW nenbTe p. JKalblk, Wi cenuTeOHas U MPOMBIIUICHHAS Y
03. Komkapara, npoMsinuieHHast 1 IpupogooxpaHHas Ha menbpe Kacrnmiickoro Mopst u T.J.
®opMUpOBaHUE TAKMX KOH(IMKTHBIX CUTyalUH MPOUCXOTUT B pPE3yJIbTaTe HEraTUBHOTO
U3MEHEHHUs KayecTBa OKpY’Kalollel cpelbl B 30HE BHICOKOMHTEHCUBHBIX (YHKLMH, 4TO
OTrPaHUYMBAET BO3MOKHOCTD HCIIOJIB30BAHUS TEPPUTOPUU I OCYLIECTBIICHHS IPYTMX BUJIOB
NESITENIbHOCTH.

HauOonee cl0XKHBIM BHJIOM KOH(IMKTHOIO apeajia SBJISETCS KOMIUIEKCHBIH
TEPPUTOPHUANBHBIM  KOH(JIUKT, COYCTAOIIMN MPHU3HAKK  MOHOQYHKIIMOHAIBHOTO U
noJu(pyHKIMOHATBHOTO KOH(IUKTa. /|1 TaHHOTrO BUAa XapaKTepHO ObICTpOE MpEBBILICHNE
MapaMeTpPoB 3KOJOTHYECKOrO MOPOra eMKOCTU TEPPUTOPUHU U (HOPMHUPOBAHHE OKpY’KaroLIE
Cpelpl ¢ HU3KMMM Kauye€CTBEHHBIMHM XapaKTepuCTHKaMu. OT ONTUMM3ALUHU JIEATEINbHOCTH U
pa3paboTKM MEXaHM3MOB pa3pelieHus KOH(MIUKTOB B KOHQIMKTHBIX apeanax 3aBHCUT
BO3MO>KHOCTb PallMOHAIIBHOIO M YCTOMYHMBOIO TPUPOJLONOIB30BaHUS.

B Manrucrayckoil 06;1acTi OCHOBHBIE IIJIOLIA/IM 3€MEJIb, IPUTOJHBIE I TACTOUIIIHOTO
MCIOJIb30BaHUs, COCTABIISIIOT B HacToslee BpeMs okoio 93% oT obuiei miomaau 3eMenb
CEJIbCKOXO3SIICTBEHHOI'0 Ha3HAa4YeHHs. 3aTeM IO yObIBaHUIO UAYT HEUCIIONb3yEeMbIE 3EMIIH,
TEXHOT€HHO-UCIIOJIb3YEMBIE, HCIOIb3YEMBIE IO/ HACEICHHBIE IIYHKTBI W JOPOYKHO-
TPaHCIOPTHBIE  KOMMYHHUKAallUW, JIMHUM  3JEKTpoIlepesrad,  OpOoIIaeMble  3EMIIU.
Kaprorpadguueckuil aHaiau3 TUIIOB MCIIOIB30BaHUS 3€MeJb MOKAa3bIBAET, YTO OOJbIIAs YyacTb
TEPPUTOPUHN HCCIIEIOBAaHUM, 3aHATas AKKyMYJISTUBHBIMU U JEHYIAIIMOHHBIMH PaBHUHAMU,
ABISICTCA MOHO()YHKIIMOHAJIBHOW M MCHOJb3yeTcsl moj nactouma. CTeneHb aHTPONOreHHON
Jierpajialiiy 3TUX 3€MEeIb CBsI3aHa C YBEIMUYEHUEM MacTOUIHBIX HArpy30K OJIN3 HacEeIEeHHBIX
IYHKTOB, CO3[aHHas KOH(JIMKTHas CUTYyalUsi TPO3UT BBIBEJICHUEM OTUX 3€Mellb U3
X03siiicTBeHHOro 000poTa. Ha OTAenbHBIX ydacTKax MacTOMLIEHPUTOHBIE 3€MJIM 3aHSATHI
00BEKTaMU MPOMBIIUIEHHOCTH U TPAHCIIOPTA, T.€. KOH(IMKTHBIE apeanbl GopMUpyrOTCsS Ipu
OJIHOBPEMEHHOM HCIIOJIb30BAaHUM 3€MeJIb 3TUMU JBYMsI GyHKIUsAMU. [lonmudyHKknoHanbHbIE
KOH(UIMKTHBIE apeasibl Ha 3TUX 3eMJISIX CBSI3aHbl C HETaTHMBHBIMH HW3MEHEHHSIMHM KadecTBa
OKpY>Karollen cpebl B 30He 0oJiee BBICOKOMHTEHCUBHBIX (DYHKIMH 00BEKTOB He(TerazoBoro
CEKTOpa, YTO OTPaHUYMBAET BO3MOKHOCTH HCIIOJIb30BAHMSI TEPPUTOPUU ISl OCYILECTBICHHUS
nacToUIHOW MM WHOM QyHKuMU. OnpeneneHre NPOCTPAHCTBEHHOTO codeTaHusi (yHKIUI
IpU JaHHOM KOHQIMKTHOW CHTyallud BO3MOXHO JIMIIb MO AHTarOHUCTMYECKOMY BHIY C
co3nanueM Oy(epHBIX 30H BOKPYT MECTOPOKICHHIA.

K cumbuornyeckomy BuAy OECKOH(IMKTHOM WM CIa0OKOH(IMKTHOM  CUTyalluu
OTHOCATCS JIOKQJIbHBIE apeajibl COBMECTHOI'O UCIOJIb30BaHUS NACTOMIIHBIX 3€MEIb U BOJHOTO
¢donma. beCKOH(PIUKTHYIO CHTyalMIO Ha HUCCIEAYeMOHl TEppUTOPUU CO3JAaeT HAJOXKEHHE
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3eMeJb JIECHOTO U BOAHOTO ()OHJOB MO TUILY (QyHKIMU-cocean. OHU UMEIOT 00IMe TPaHHIIbI
U WX B3aMMHOE B3aMMOBO3JICHCTBUE OUYEHb HE3HAYUTENIBHO, YTO MO3BOJIAET COXPaHATh
napaMeTpsl pa3BUTHS 00enX (HYHKITUH.

Haubonbiiee BHUMaHuE Ha UCCIIEyeMON TEPPUTOPHUH CIEAYET YACIUTh TEPPUTOPHSIM C
OJIHOBPEMEHHBIM HCIIOJIb30BAHUEM HECOBMECTHUMBIMU APYT € APYroM (aHTarOHMCTUYECKUI
BUJ) BUAAaMU JesaTenbHOCTH. K TakuM (QyHKIUSM - aHTaroHUCTaM OTHOCSITCS: CeluTeOHas —
IPUPOJOOXPAHHAsA, CENUTeOHAs — IPOMBILUIEHHAsA, PEKpPEeallMOHHAas — IIPOMBILUICHHAS,
MPUPOJIOOXPaHHAA — TPAHCHOPTHO-MIPOMBIIITICHHAs (3amoBefHast 30Ha B CeBepHON 4acTu
Kacnuiickoro Mopsi — pa3BUTHE MOPCKUX TPAHCIOPTHBIX KopuaopoB) u np. K mpumepy, k
GYHKIUSAM - aHTaroHUCTaM OTHOCSITCS: cenuTeOHas — MpUpoAoOoXpaHHas (K MpUMepy cena
[Temnoe, Jlam6a, Tackama m jap. B ATHIpaycKoW 00JacTH, pacHoOJIOKEHHBIE B Mpelenax
OOIIT), cemurebnass — mnpombinuieHHas (c. Capwikambic, c.Kapatron wu TeHrusckuit
rasornepepalaThIBAIOMINK 3aBOJ), PEKpeallMoOHHas — IMPOMBIIUICHHAs (3alloBeIHasl 30HA B
Cesepnoii yactu Kacnmiickoro Mops u pa3Beqka U MOATOTOBKA K pa3paboTke HeTera3oBbIX
Mectopoxacamnii  menbdpa CeBepHoro Kacmus), mnpupomooxpaHHass — TpPaHCHOPTHO-
npoMbllUieHHas (3amoBeAHas 3oHa B CeBepHoil uactu Kacnmiickoro mopst — pasBuTHE
MOPCKHUX TPAHCHOPTHBIX KOPUAOPOB)  1p. HTEpeCch aHTarOHUCTUYECKUX (YHKIHUHA MOTYT
OBITh YYTEHBI TOCPEICTBOM co3AaHHsl Oy(depHBIX 30H, TOIJIOMIAIOIIUX BO3JIEHCTBUE
AQHTaroHUCTOB JPYT Ha JIpyra.

BriBoabI

OT onTUMH3AIUHN JESTEIBHOCTH U pa3pabOTKU MEXaHU3MOB pa3pelIeHHs BO3ZHUKIIUX
WIA BO3MOXXHBIX KOH(UIMKTOB B KOH(DJIMKTHBIX apeajax 3aBUCUT BO3MOXXHOCTh
palMOHAIBHOTO W YCTOMYMBOIO IPUPOJAOIIONIb30BaHUA Tepputopun IIpukacnuiickoro
perunona Kazaxcrana. IlomydeHHas kaprorpadudeckas W aHATUTHYECKas WHGOpMAIUs
MOCITY>KUT HAYYHOM OCHOBOM ISl 00ECHeUeHUs YCTOWYHBOTO M DKOJIOTUYECKH OE30MacHOTo
MPUPOIOTIONB30BAHMS, TTO3BOJUT PAlMOHAIBHO TUTAHUPOBATh U IPGHEKTUBHO YIPABISITH
MIPUPOAHO-PECYPCHOM CPEIOM.
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AOJI'OBPEMEHHBIE USMEHEHUA JOHHBIX BUOLHEHO30B
KACIIMUCKOI'O MOPA 110 JAHHBIM ITOABOJAHBIX UCCJIEJOBAHUHN

B.b. YumBues, .. Epmaxkos, B.B. YmuBues, M.JI. 'anaktuonosa, C.A. KorenbkoB
Kacnuiickmii punmnan Muacturyra okeanonoruu PAH uwm. ILIT. upmosa, Actpaxans, PO
Ten.: (8512)544-559

caspy@bk.ru

Beenenune

JlanamadgTHeie TOABOMHBIE MccienoBanus Kacrnus Oblin HayaThl B KoHIe 70-X romoB
nporwioro croneruss KacmHWPXom (puc. 1).  [ng 3Toro ObIT OpraHu30BaH CEKTOP
IOJIBOJIHBIX HccinenoBaHuil. HaOmromeHus ocymiecTBISUIMCH C TOMOIIBIO JIETKOBOOJIa3HOIO
cHapspkeHusi. CoOpanHble (OTO-KMHOMATEpHAIbl M MPOOBI THIPOOMOHTOB HCIIOJIB30BATHCH
JUI  CPaBHMUTEJIBHOIO aHan3a. PeryssipHble HAOMIONEHUS BBINOJHAINCH Ha JBYX 0a30BbIX
MoJINTOHaxX, pacnojoxkeHHbIx B CeBepHoM u Cpennem — Kacnuu. IlapamnensHo ¢
BU3YaJIbHBIMU HaOJIOAEHUSIMM  NPOBOAMJIACH KAueCTBEHHAss M KOJUYECTBEHHAas OLIEHKA
BOJHBIX COOOIIECTB, H3y4YAJIUCh OJIEMEHTHl MOBEICHHS JKMBOTHBIX, HMX pPEAKIHHA Ha
¢usnyeckue M XMMUYECKHE pa3ipakuTenu. B Hacrosiee BpeMs 3TO HalpaBieHHE
WCCIICIOBAaHUM C HWCIOJB30BAaHWEM COBPEMEHHOW MpHOOpHOH 0as3bl  MPOJIOIDKASTCS
cneunanuctamu Kacnuiickoro gpunuana MOPAH.

2000 r.

Puc. 1. Pa3Burne noaBoaHbIX ucciaenoBannii Ha Kacmn
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IHosmmron «Cesepo-Kacnmiicknin»

[Tomuron «CeBepo-Kacnuiickuit» Haxoautcs Ha cBajie TiyOouH oT 5 nmo 12 M B
neHTpainbHoi yactu CeBepHoro Kacnus (puc. 2). IloBepxHOCTh fHA B 3TOM pailloHE MOps
MpEe/CTaBlICHa [eCYaHO-paKylIeuHbIMH TpyHTamu. Penmped paHa B 3aBHCHUMOCTH  OT
(GpaKIIMOHHOTO COCTaBa rpyHTa JUO0 paBHUHHBIN, JTHOO BOMHHUCTHIN (puc. 3). B oTnenbHbBIX
MeCTaxX Ha MOBEPXHOCTHU JTHA 00pa3yroTCsl U3BECTKOBBIE KOPKU KOJIOHHM OansiHyca. B menom
JOHHBIN JIaHAmAadT IpeICTaBIsieT cO00 0JHOOOPA3HYIO MYCTHIHIO.

Puc. 2. [Tomuron «CeBepo-Kacnuiickuii»

Kononuu 6ansnyca

Puc. 3. [lonHeie maHmmadThl Ha MOJUTOHE
«Ceepo-Kacnmiicknii»

DUTOO0EHTOCHOE T0JIe
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[IpencraBurtenu MOHHOW (ayHBI HMMEIOT MOKPOBUTEIHLCTBEHHYIO OKPACKY, YOSXKHINA 1
3allMTHBIC MTOBEJCHYECKHE peakui. UTOoOBI B MOJIHON Mepe U3YYUTh BHIOBOE pa3HOOOpa3ue
W YUCIICHHOCTh OPTaHMW3MOB, HEOOXOJUMO BO3/ICHCTBOBATh HA WX IMOBEJACHUECKUE PEAKIIUH,
mpoluie roBopsi, BBIMaHUTh u3 yOexuil. [[is sroro Obul pazpabortan meron (ororakcuca,
OCHOBaHHBI Ha TMOJIOKUTEIBHBIX PEAKIUAX THAPOOMOHTOB K TOJBOJHOMY TOYCUHOMY
HMCTOYHMKY CBETA OMPEIEICHHON MOIIHOCTH U CIEKTpa u3nydeHus. MccinenoBaHusi CBETOBBIX
MOJIEd PAa3JUYHBIX CBETOMCTOYHUKOB MOKa3aJid, YTO HAWIYYIIHE MOJIOKUTEIbHBIC
dboTopeakuy OONBIIMHCTBA TUAPOOMOHTOB TMPOSBIAIOTCS B TMOJSAX JIaMIl HaKaJIUBaHHS

MotHocTbio 0T 500 1o 1500 BT 1 B nosie HaTpueBoil Metano-ranoreHHon gamnsl JJHAT 400
(puc. 4- 6).

Puc. 4. Ilonxom OOBIKHOBEHHOM
KWIbKU U oceTpa B 30HY cBera 500
BT JIAMIIbl HAKaJIUBaHUSL.

Puc. 5. MaccoBblii TOgX0/1 KUJIEK B
30Hy CBETa METaJO-TaJIOTeHHOMN
namnel JJHAT 400.

Puc. 6. MaccoBblii MOAX0L MU3HU U
KPEBETOK B 30HY CBETa MeTaJo-
TaJIOT€HHOM JIaMIIbI.
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IIpy mnorpyxeHMH Ha IOBEPXHOCTh JIHA TOYEYHOI'O HCTOYHHMKA CBETa IIOCIE
JIByX4acCOBOH HKCHO3MILIMU B OCBELICHHON 30HE KOHLEHTPUPYIOTCS pa3IHMuHble TUAPOOHOHTHI
uMmeromue (HOTOTaKCUC U MOJIOKUTENbHBIE  (hoTOpeakuuu. IlepBpie HaxomsTCs B
HEMOCPEACTBEHHOW OMM30CTH OT MCTOYHMKA CBETa M MPOSBISIIOT  HEaJeKBATHBIE
MOBEJICHUECKUE PEaKIMH, BbI3BaHHBIE (OTOTaKCMCOM. K TakuM ruppoOHMOHTaM OTHOCSTCS:
HEKOTOpble MU3MJIbl, KMJIbKH, OTIEJIbHBIE BHJbl ramMmapyca. JKMBOTHBIE C MOJOKUTEIbHON
doropeakiyeil MOCTOSHHO HAXOMSATCS B CBETOBOM 30HE, HO JEP)KaTCs Ha OMPEACTICHHOM
pPAcCTOAHUU OT UCTOYHHMKA. OTO AJUHHONANIBIE M TOJCTONANIbIE PAKU, UIJIa-pbl0a, KPEBETKH,
OblukH, arepuHa, KpaObl. [lepuomnyecku B 30HY CBeTa 3aXOJAT >KUBOTHBIC, MMEIOIIHE
ci1a0yI0 WIN HEUTpalbHYI0 (OTOpEaKIHI0. DTO CelbIU, OCETPOBbIE PHIOBI, MOPCKOH CyHakK,
TiojeHd. OtpunarensHas Qortopeakuus HabmromaeTcst y kedaniedl, KyTyMa M 4acTUKOBBIX
pb16. 3Has paguyc CBETOBOIO IOJS MCTOYHHUKA, B 3aBUCUMOCTH OT MPO3PauyHOCTH BOJBI, U
IUIOINAAb OCBEIIEHHOTO YYacTKa JIHA, C KOTOPOTO B 30HY CBETa COOEPYTCS MPEICTABUTENN
OeHTOoCca, MOXHO IIyT€M aHajliu3a BHUJCOMH(POpPMALMU, B3SIB MPOObl  CHEIUATIBHBIM
npoOOOTOOPHUKOM M JIOBYIIKOW, TOJYYHTHh KAa4eCTBEHHBIH W KOJMYECTBEHHBIH COCTaB
YKUBOTHBIX OOUTAIOIIMX B UCCIIEAYEMOM palioHEe MODSL.

Hab6monenns nHa CeBepo-Kacnuiickom nonurone B paiioHe Oanku KynanuHckas
OoCylIecTBISIUMCh ¢ KoHIa 70-x u 1o koHua 90-x ronos cneuuanuctamu KacnHMPXa, a B
nepuop ¢ 2006 o 2010 rox cnenuanuctamu MO PAH. HccnenoBanusi npoBOJMIINCh B KOHIIE
BEreTalliOHHOI0 IIepro/ia, YTOObI Y4eCTh B Ipo0ax MOJIOAb U IOBEHWJIbHbIC OpraHu3msl. [lis
CPaBHMUTEJIBHOIO aHAJIM3a U IMOBBILIEHUS BEPOATHOCTHU HCCIIEIOBAHUS MPOBOIMUINCH HA 3-X
penepHbIX Toukax. [lomydeHHble MaTepuansl peacTaBieHsl B Tabnuuax 1 u 2.

Taoauua 1

Bui0BO# cocTaB M YMCIIEHHOCTh THAPOOMOHTOB B CBETOBO# 30HE JIaMITbl HakanuBaHust 500 BT
Ha pernepHbIX Toukax HabmoaeHui noiurona «Cesepo-Kacnmiickuii» (1980- 2010 rr.)

BumoBoii M KOJHYECTBEHHBII Bpemst npose/ienust Hab.ioeHHi

COCTaB THIPOOMOHTOB B 30HE aBrycT CEHTSOPb aBrycT aBrycT aBrycT
cBera muromaaeo 180 M2 (9K3.) 1980 r. 1985 1. 1990 r. 2005 r. 2010 .
Mu3zubt 1200 1500 1800 9000 7000
Kpesetkn 50 20 40 100 220
Beraxm 30 50 45 70 110
["amMmmapu bl 360 450 540 1300 1500
Tadauua 2

BuoBoii coctaB 1 YUCIEHHOCTh PBIO U TIOJICHS, 3aXO0/SIIUX B CBETOBYIO 30HY JIAMITBI
HakasmBanus 500 BT npu 3kcnozunmu 120 MuUHYT
Ha perepHbIX TOYKax HabmroaeHuid nommrona «Cesepo-Kacnuiickuiiy (1980 — 2010 rr.)

o o Bpemsi npoBeaeHnst HA0. 110 eHHI
BunoBoii M KoIMYECTBEHHBIN

COCTaB pBI6 U THOJIECHSA B 30HE aBFYCT CeHTﬂGpL aBFYCT aBFYCT aBFYCT
CBETa IJIONIAbI0 180 M2 (3K3.) 1980 r. 1985 r. 1990 r. 2005 r. 2010 .
OcetpoBbie 19 13 10 2 -
Kuniibka 0OBIKHOBEHHAS 2500 2300 3100 750 200
Cenpan 68 50 79 41 120
Arepuna 300 500 1000 120 350
Tronenn 3 1 2 - -

IMosmron «Cpenne-Kacnuiickuii»
[Tomuron «Cpenne-Kacnuiickuit» Haxomutcs B Kazaxckom 3anmBe, B palioHE MbIca
Toxmak (puc. 7). IToBepxHOCTh A1Ha B 3TOM pailoHE MOpPS MOKPBITA PA3IMYHBIMU TPYHTAMHU.
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Bosbinyio 4acTh MOIMIoHa 3aHUMAIOT MEJIKOIIECUaHbIE TPYHTHI C IPUMECHIO pakyiiu. Bomusu
OeperoBoil 4epThl MHOTOYUCIICHHBIC BBIXOJIbI KOPEHHBIX MOPOJA B BHIEC KaMEHHCTBIX TSI
CoctaB (GoTOPHUIBHBIX THAPOOMOHTOB OEHTOCA MIMPOKO IIPEACTABICH PAaKOOOPa3HBIMU.
Cpenu ppIO O0JbIICH YaCThIO BCTPEUAIOTCSl OOBIKHOBEHHAS M aHUOYCOBHUHAS KUJIbKH, OBIUKH
u xeamu (puc.8).

Puc. 7. Ilomuron «Cpenue-Kacnuiickuii

Puc. 8. CkomnieHre TuipoOMOHTOB B 30HE CBETA

CoOpannsie 3a 30 jeT Marepuanbl MOABOJIHBIX MCCICAOBAHUI B 3TOM paliOHE MOpS
YKa3bIBAalOT Ha 3HAUYUTENbHbIE HW3MEHEHHUS Ka4eCTBEHHOI'O KOJUYECTBEHHOI'O COCTaBa
rUAPOOMOHTOB (Tad. 3, 4).
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Taoaumna 3
BuoBoii cocTaB ¥ UMCIEHHOCTh THIPOOMOHTOB B CBETOBOM 30HE Jlamiibl HakaimBaHus 500 BT
Ha perepHbIX TOYKax HadmroaeHui nonurona «Cpenne-Kacimiickuit»y (1980 — 2010 rr.)

. . BpeMmsi npoBeieHusi Ha0JI01eHUI
BumoBoii © = KOJIMYECTBEHHBIN

COCTaB THAPOOHUOHTOB B CBETOBOM aBTyCT CEHTSOpb aBTyCT aBryCT aBTyCT
30He momapio 350 M (3K3.) 1980 1. 1985 1. 1990 . 2005 r. 2010 r.
Musuast 750 530 860 6200 4400
KpeBetkn 450 540 680 1380 1240
ammapu bt 150 240 270 1780 1560
Paxu pnuHHOMDAIBIE 2530 1850 2100 1590 150

Paku Toncromnansie - - - 55 880

Taoauna 4

BuoBoii coctaB 1 YUCIEHHOCTH PBHIO U TIOJICHS, 3aXO/SIINX B CBETOBYIO 30HY JIAMITBI
HakanuBaHusa 500 BT mpu 3kcno3unuu 120 MuHyT
Ha perepHbIX TouKax HaOmroneHuit monurona «Cpenne-Kacnuiickuii» (1980 — 2010 rr.)

. . Bpemsi npoBeaeHus HA0II0AeHUIT
BunmoBoii u  KOJIMYECTBEHHBIN

COCTaB PbIO M TIOJICHS B CBETOBOH aBrycT CEHTSI0ph aBTyCT aBrycT aBTYyCT
30HE MmIomanso 350 M2 (9K3.) 1980 r. 1985 r. 1990 r. 2005 r. 2010 r.
OceTpoBbie 8 10 9 - -
Kunpka 0OBIKHOBEHHAS 9000 14000 12000 700 100
Kunbka aHgoycoBumHas 800 1300 2200 150 90
Brruxu 25 38 45 68 61
Cenpau 2 4 7 - -
Mopckoii cynak - - 1 12 17
ArepuHa 40 60 90 11 14
Tronenun 2 1 2 - -
Amnanus MAaTEPUAIIOB MOHUTOPHUHIA TOKA3aJl 3HAYWTEIIbHBIE W3MECHECHMS,

npousowenmue B 6uote Kacnuiickoro mopst B paccmatpuBaembiii nepuoa (1980-2010 rr.).
Ha nam B3rysii, MpUYMHON TOMY MOCIYKHJI PsAJl CYIIECTBEHHBIX MOTPSICEHUM, NEPEKUTHIX
Kacnuiickum MopeM  3a nociennue 30 Jer.

[TepBonpuunHO, OKa3aBIlel B 1IEJIOM II100albHOE BIUSHUE Ha COCTOSSHUE MOPS, CTaIH
reonojuThyeckre nepemensl B Kacnuiickom pernone. OOpa3oBaHHME HOBBIX CYBEPEHHBIX
rocynapctB Ha Oeperax Kacnust crnocoOcTBOBano: pacIIMpeHHIO €ro TPaHCIOPTHOIO
COOOIICHHUS C APYTUMHU MOPSMHU U, TEM CaMbIM, MPOHUKHOBEHUIO UY>KEPOIHBIX OPraHU3MOB;
pa3BeJIKe U OCBOEHUIO MECTOPOKIEHUI YIIIEBOAOPOIHOTO ChIPhs B pallOHAX, /i€ OHU MPEXKIEe
ObUIM 3ampelIeHbl; OECKOHTPOJIHONM U 0€3rpaMOTHON HKCILTyaTallil OMOPECypCoB.

ConuanbHble MpoOieMbl B MPUKACHUICKUX CTpaHaX YCWIMIM OKCIUTyaTallHio
OropecypcoB Mopsi, B T.4. 32 CUET HECAHKI[MOHHPOBAHHOI'O IMPOMBICIIa Hanbojiee HEHHBIX
OCETPOBBIX pBIO M OpraHMU3aldU OOIIMPHOTO TEHEBOI'O pbIHKA PBIOHONW MPOIYKIIMH.
HcTtpebnenne OCEeTpOBBIX  PBIO HCKIIOYIIO W3 MHUIEBON MUPAMHIBI BOJHBIX COOOIIECTB
OYCHb BA)XKHOE 3BEHO, BIUsAIOIIEE HAa OMOTY B LEJIOM. DTO, B CBOIO OYepe/b, BHI3BAIO
NepecTporky (ayHbl B TMONB3Yy POCTa YHCICHHOCTH PAKOOOpa3HBIX W OBIYKOB, paHEe B
OOJIBIIIOM KOJIMYECTBE MOTPEOISIEMBIX OCETPOBBIMH pbiOamu (Tadm. 1-4).

OxkazaBmMCh TYNHKOBBIMU 3BEHBSIMH, pakooOpa3Hble M JOHHbIE PHIOBI B OEHTOCE
Cesepnoro u Cpennero Kacrus 3ansim goMuHHpyomue mo3uiud. Ha ¢oHe BCmbIIku
YHCJIEHHOCTH OBIYKOB Ha BOCTOYHOM wienb(pe CpenHero Kacnus yBenuumiach Momynsuus
MOpCKoOro cynaka (tabi. 4).
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31ech ke MPOM3OIUIM 3HAUYUTENbHBIE NEPEeMEHbl B BUJOBOM cOCTaBe pakoB. boiee
LEHHBIN IS MpOMBICTA JUIMHHONAIbIA pak, 10 2000 r 3aHUMaBIIMA JOMUHUPYIOIIHUE
MO3UIMU B TIPUOPEKHBIX COOOIIECTBAX, YCTYMHJI MECTO MEJIKOMY H MAJIOICHHOMY
TOJICTOTIAJIOMY PaKy, 3all0JIOHUBIIEMY BECh apeai B ka3axcTaHckux Bogax Cpennero Kacmusi.

Craenyer OTMETUTH, YTO TOJCTOMAJBIA PaK CIYXKHUT U3TIO0JICHHBIM KOPMOM O€IIyTru U
O00BEKTOM MUTaHHUS oceTpa Ha BocToyHOM Iuenbde Kacrmms. Oburaer oH Ha TBEpPABIX
KaMEHHUCTBIX TPYHTaX. | OpU30HT MacCOBBIX CKOIUICHWH HaxoauTcs Ha rioyouHe 20-25 M — Ha
MyTH MUTPALUU OCETPOBBIX PbIO. 3/1€Ch, MO/ TEPMOKIMHOM, TEMIIEpaTypa BOAbI KoJeOneTcs
B mpenenax ot 9 mo 14 °C. B nacrosimee BpEMsi MacCOBBI€ CKOILJICHHUSI TOJICTOMAJIOrO paka
oOHapyKeHbl B HEXapaKTEPHBIX JJISl HETO YCIOBUAX OOMTAaHUS HAa MSTKHUX MEeCYaHbIX TPYHTAX
B TemioBogHOM Ka3zaxckom 3amuBe.  31ech paHee B OONBIIIOM KOJUYECTBE OOUTAI
JUTMHHOTIABIN pak. B mepuosa Habmronenuit 2010 roma 4MCcIEHHOCTh €T0 PE3KO COKpPaTUIACh.
OOpazoBanue TOMYJNSALHAUA TOJCTOMAJIOrO0 paka B NMPUOPEKHBIX Boaax Kazaxckoro 3ammBa
CBUJCTEIHCTBYET 00 U3MEHEHUSX €ero OWOHTHOCTH, (GbopMHUPOBaHUIO MOMYJISIUH,
oOuTaroneil B BOIaX, TEMIIEPaTypa KOTOPBIX TOCTUTACT 26-28°C. Tlo JIUTEPATYPHBIM JaHHBIM
BEPXHUU IIpesies TeMIepaTypbl BOJIbI 1JIs1 ’TOTO BUJA OTPAaHUYEH 22°C (Uepkamuna, 1976 ).

Jpyroil cymiecTBeHHbI (akTop, OKa3aBLIMI I100aJbHOE BO3JEHCTBUE HAa OHOTY
Kacnus - rpeOHeBUK MHEMHOIICUC. BriepBbie 3TOT 4y>KEepOJHBIA OpraHu3M ObLT 0OHApYKEH
corpyaaukamu KacnHUPXa na Bocroke Cpennero Kacnus B 1998 roxy. C toro Bpemenu
HKCIIAHCHUSl 3TOTO IJIAHKTOHHOT'O XMIHUKA BHEC/Aa TIyOOKHME M3MEHEHHUS B IeJaruyeckue
COOOIIIECTBA, YTO B UTOTE MPHUBEIIO K OTPOMHBIM MOTEPSM 3aIacoB Menarundeckux peid. OT
rpeOHeBUKa CTPaJaloT M OEHTOCHBIE cOOOIIeCTBa, OCOOEHHO MOJUIIOCKH, IJIAHKTOHHBIE
JUYUHKA KOTOPBIX TOTPEOIISIOTCS MHEMHUOTICHCOM.

I'eonoro-pasBenouynbie pabOThl U YCUIICHHAs SKCIUTyaTallls MOPCKUX HEIp OKa3bIBAET
Ha OHWOTY TEXHOTEHHOE BO3JICHCTBUE YEpe3 aKyCTUYCCKUE, JIICKTPOMATHUTHBIC IIOJIA,
noaBoaHoe crpoutenbcTBO. Kpome toro B Cpegnem u HOxxnom Kacnum eme coxpanuiuch
cienbl HePTSIHOTO 3arps3HEHUus, CPOPMUPOBABIIETOCS B MPOIUIOM CTOJETHU paHee MpU
AKCIUTyaTallid MECTOPOKACHUI MO CTAPhIM «TPSA3HBIMY» TEXHOJIOTHSIM.

Bce >t dakTopel B KOMILJIEKCE BO3ACHCTBYIOT Ha SKOCUCTEMY MOPSI, TUIACTUYHOCTH
KOTOpO# BBIpa)KaeTcsi B U3MEHEHUsX ero OuoThl. [IporHo3 manmpHEHmMx mepeMeH B OHOTE
MOPSI CKJIOHSIETCSI B CTOPOHY YBEIWYEHUs YHUCICHHOCTH pbhIO OeHTOodaroB, yeMy IOKHA
criocobcTBOBaThH Oorarast kKopmoBasi 6aza 6eHToca.

CnHcoK HCI0JIL30BAHHOM JTHUTEPaTyphI
UYepkammna H.A. Pacnpenenenune m OMOJOrHs TOJCTONAIOrO paka B TYPKMEHCKHX BOJAX
Kacnus // 3oonorudeckuii sxypaai. 1976. T. 55. Beim. 4 . C. 602 — 606.

OIIEHKA BBIHOCA PEKAMHU POCCHUM B KACIIUICKOE MOPE
BUOTI'EHHBIX, OPTAHUYECKHUX, IPUOPUTETHBLIX 3AI' PAZHAIOLIIUX
BEIMECTB U MHOT'OJIETHUE TEHAEHIIUU EI'O UBMEHEHUA

A. Hukanopos, M. CmupHos, JI. Koporosa, O. Kitumenko
I'mppoxumuuecknii uHCTUTYT, PocToB-Ha-/lony, Poccus
Ten./akc: +7(863) 2224470

ghi@aaanet.ru

AHHOTAIUSA
Jlana orieHKa BBIHOCA OWOTEHHBIX, OPTaHMYECKUX, MPUOPUTETHBIX 3arps3HSIONINX BEIIECTB
pekamu Poccun B Kacnimiickoe Mope, BBISIBJICHBI TEHIIEHITUU €ro W3MeHeHus B repuona 1981-2008 rr.
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Beenenue

CTOK C MOBEPXHOCTH CYIIX B MOpPS MPEACTaBiIsieT co00il BaskHEeHIIIee 3BeHO MUTPAILIUU
XUMHUUYECKHMX BeulecTB. Hapsay ¢ IiiaBHbIMM MOHAMM, MUKPORJIEMEHTAMM CYIIECTBEHHBIMU
cllaraeMbIMU OOILIET0 BBIHOCA XMMHUYECKUX BEIIECTB B MOPS SIBJISIFOTCSI OMOT€HHbBIE AJIEMEHTHI
(b2), oprammuyeckne BemectBa (OB), ¢enHonbl, He)TENPOITYKTHI (HOIIP),
xjopopranudeckue nectunubl (XOIT).

Ha nosepxnoctHblll cTok BD n OB Hapsay ¢ IOYBEHHO-PACTUTENBHBIM ITOKPOBOM,
CTOYHBIMU BOJAMHU, aTMOC(HEPHBIMU OCaTKaMU OOJIBIIOE BIMSHUE OKA3bIBACT MPUMEHEHUE B
HApOJIHOM XO3sICTBE a30THBIX, (POCHOPHBIX U OpraHnveckux ynoopenwuii. [To cpaBHeHuto ¢
1960-mu B 1970-¢ rr. BHeceHue ynoOpeHui yaBowsioch, B 1980-e¢ rr. yrpomsnoch U B
JAIbHEWIIEM OCTaBaJIOCh BBICOKMM. l3MeHeHus KiumaTa aKTHBHO BJMSIOT Ha CTOK
XUMHYECKHX BEILIECTB IOCPEJACTBOM IMpeoOpa3oBaHUsl pPEKHMMa OCAIKOB, BOJHOCTU pEK,
AIIEMEHTOB JIaHAadTa.

[lo paHHBIM MOHUTOPHUHIAa MOBEPXHOCTHBIX BOJ  CYLIM, OCYLIECTBISIEMOTO
Pocrunpomerom (panee I'ockomruzpomerom CCCP), B I'mapoXMMHYECKOM HWHCTUTYTE
aHanusupoBaics crok pek Poccum (Bonra, Vpan, Tepek, Kyma) B Kacnuiickoe mope
OMOreHHBIX AJIEMEHTOB (AMMOHUNHBIN, HUTPUTHBIN, HUTPATHBII a30T, MUHEPAIbHBIN, 00N
docdop, KpemHHIT), OpraHMYECKOro BEIIECTBA, MPUOPUTETHBIX 3arpsA3HAIOIINX BEIIECTB
(penosnsl, HEPTETPOAYKTHI, IECTUIU/IBI).

PaccmarpuBaemsiii mepuos Bpemenu 1981-2008 rr. 611 pa3out Ha msaTwieTku (1981-
1985, 1986-1990, 1991-1995, 1996-2000, 2001-2005, 2006-2008 rr.) C HENTBIO BHISBICHUS
TEHACHIIMIA W3MEHeHUus cToka. lcmonb3oBaBmiasics B paboTe MeETOAMKA pacueTa CTOKa
XUMHYECKHX BELIECTB M €ro aHTPOIOre€HHOW COCTaBIAOLIEH H3okeHa B paborax O.A.
Anexkuna, B.W. Ilenemenko, M.II. MakcumoBol, pexkoMeHAAIUAX [ HUAPOXUMHUYECKOTO
UHCTHUTYTA.

OcHoBHast YacTh

B noBepxHOCTHOM cTOKE ¢ TeppuTopuu Poccum B Kacnuiickoe Mope riaBHYHO poJib
urpaet p. Boxira, koropas BeiHOCUT 94-96 % BomHoOTrO croka, 80-88 % MHUHEpanbHOIO a3oTa,
80-96 % munepanbHOrO hochopa, 85-92 % kpemuus, 93-96 % OB, denonos, HOITP, XOII.

[Toctymuienne MuHepansHOro azora B Kacnmiickoe mope co ctokoM p. Boaru B 1981-
1985 rr. cocraBmio 131,0 Teic. TOH B roJl U B MOCIEAYIOIIME TOAbI CHUXKAIOCH, IPUYEM
HaUMEHbIIIee ero 3HaueHue, paBHOE 45,6 ThIC. TOHH OBUTO 3apeructpupoBaHo B 1996-2000 rr.
(Tabm. 1).

B pekax Oacceitna Kacnuiickoro Mops, Tak ke kak banruiickoro, YepHoro u
A30BCKOr0 MOpEW, CTOK HHUTPATHOIO a30Ta MHOTOKpPAaTHO OoJiblile, YeM aMMOHMHHOTO.
BreiHoc HuTpatHOrO azorta p. Bomaroit B 2-3 pasa Bblie ero BeiHOca pekamu OOb, Enuceit,
Jlena, Amyp, Hesa. Ilo BbIHOCY OkHcIeHHBIX (opM a3oTa p. Bonra Hen3sMeHHO 3aHHMMaeT
[IEpBOE MECTO B CTpaHE. BBICOKMI CTOK OKHCIEHHBIX COEAMHEHUM a3oTra W Apyrux bO
SBIISIETCA  CJIEJICTBMEM OrPOMHOIO aHTPOINOTEHHOro BiMsHUA Ha OacceiiH p. Bourwy,
AKOCHCTEMa KOTOPOH TpaHCPOpMUpOBaiach U3 MPUPOJHON B PUPOIHO-TEXHOTEHHYIO.

AHTpPOIIOT€HHAsl COCTAaBJAIOLIAs CTOKA HUTPATHOTO a30Ta POCCUHCKUMU pPEKaMHU
BapbUpoBaia B npenenax 3-25 toic. T win 75-90 % ot cymmapHoro BeiHOca. Ilo miune p.
Bonru ona usmensuiack ot 20 1o 80 %. B 2000-¢ rr. o cpaBaenuto ¢ 1980-mu rT. B CBSI3U ¢
HKOHOMUYECKUM CIIaJIOM CTOK COEIUHEHUI MUHEPaIbHOTO a30Ta ¢ PEYHBIMHU BOJAMH B MOpE
CHU3MUJICS B MOJITOpA pasa.

[Toctynienne munepanbHoro gocdopa B Kacnuiickoe mope co crokom p. Bonru B
1981-1985 rr. cocraBuio 6,7 ThIC. TOH B TOA M B MOCIEAYIOIIUE TOJIbI MOBBIIIAIOCH, TPHYEM
HauOoJIbIIIee ero 3Ha4YeHue, paBHoe 13,9 Teic. TOHH ObUTO 3aperucTpupoBano B 1996-2000 rr.
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I[To croky coenunenuit gocgopa p. Bonra ycrynana tonsko p. Obu, mpeBocXoas peKu
Enuceit, Jlena, Amyp, HeBa. TexHorennas ciaraemas CTOKa MHHEpaJbHOTO Qocdopa p.
Bonru xone6anace B mpenenax 1.04-9.02 teic. ToHH, p. Tepeka — B mpenenax 0.277-0.938
ThIC. T, WJIK B HUHTepBaie 16—65 u 66—83 % ot obmiero croka MuHepansHOro docdopa. Ilo
Te4eHUIo p. Boiru anTpomorenHas yactb CTOKa coeanHeHui ¢pocdopa cocrasmsia ot 30 10
50-80 % o6mero BeiHOca. B 2000-¢ rr. orHOocuTenbHO 1980-X IT. BRIHOC MUHEPAIBHOTO
docdopa p. Bonroii ysenuumiics B 1,5-2 paza, a ApyruMu peKaMu CHU3UIICS.

[Toctymienue pactBopeHHoro kpemuusi B Kacnuiickoe mope co crokom p. Boaru B
1981-1985 rr. cocraBuio 769 ThIC. TOH B TOA M B MOCJIEIYIOIIUE TOABl CHHUXKAIOCh, HO
HEPAaBHOMEPHO; HaUMEHbIIIee ero 3HayeHue, paBHoe 491 ThIC. TOHH, OBLJIO 3aPETUCTPUPOBAHO
B 2001-2005 rr.

[To BBIHOCY KpeMHUs p. Boira MHOrOKpaTHO ycTymaja KpYIMHEWIIUM peKaMm CTPaHBI.
CTOK KpeMHHUsI B MOPE TI0 CPABHEHHUIO CO CTOKOM a30Ta U (hocdopa OTHOCUTETHHO CTabuIIeH,
YTO XapaKTepHO AJis OOoNbIIMHCTBA peK. CpaBHUTENBHO Majiasi U3MEHYUBOCTh KOHIICHTPAIIUU
M CTOKa I03BOJISIET UCIOIB30BaTh KPEMHHI B Kaue€CTBE pernepa MpH OIEHKE aHTPOIIOT€HHOTO
BIIMSTHUS Ha THAPOXUMUYECKUI PEKHIM.

[TocTymenue pacTBOPEHHBIX OPraHUYECKUX BeliecTB B Kacnuiickoe Mope co CTOKOM p.
Boaru B 1981-1985 rr. cocraBuwio 3,18 MiIH. TOHH B MOCIEIYKOUIME TOJbI MOCTEIEHHO
MOBBIIIAIOCH, HAMOOJIBIIIEE €T0 3HAUCHUE, paBHOE 5,79 MIIH. TOHH OBUIO 3apErUCTPUPOBAHO B
2006-2008 rr.

AHTpomioreHHasi KoMIoHeHTa cocrtaBwia 28-40 % oOmero BeiHOca. Hambomnee
HanpspkeHHOM 1o cTtoky OB sBusercs Cpeansisi Bonra, rae aHTpONOTeHHBIM BKIAJ
makcuMaied. Ha Bepxueir Boire 60 % rogosoro croka OB mpuxoaurcs Ha MOJOBOJbBE, HA
Cpenneii u Hwxneit Boire, 3aperynupoBanHoi Bojgoxpanuiumiamu, 60-70 % romgoBoro
croka OB mpuxoauTcs Ha JIETHIOKO M 3UMHIOI0 MEXEHb. B Hawaje HOBOTrO CTOJIETHS IO
cpaBHeHHUIO ¢ 80-mu rogamu nmpouwioro Beka BeiHoc OB pekamu Boinra n Kyma yBennuuics,
p- Tepek cHu3miCs B moiTopa pasa.

[To mHoronetnum naHHBIM cooTHomeHue OB/BD cocraBnsiu 1-2 B p. Tepek, 3-7 B
pekax Bonra u Kyma. Camble Huskue otHomenuss OB/BD Habmonanuch B pekax ¢ TOPHBIMU
BOI0COOpaMH, TJie KpeMHUN BBIHOCHTCS B OonbiiioM, a OB, HanpoTuB, B MaJloM KOJTUYECTBE.
Ha paBHmHax, B OCOOCHHOCTH C TAaeXHO-JECHBIMM W OOJOTHBIMH  BOJOCOOpaMHU C
WHTEHCUBHOW MUTpAIeil TyMyCOBBIX BellecTB, cooTHorienuss OB/bBD Hanbomnee BrIcOKHE.

CtpykTypa pedyHOro CTOKa pacTBOpeHHbIX BemlecTB B Kacnuiickoe, bantuiickoe,
YepHoe, A30BCKOE MOps, aHAJIOTMYHA, MOTOMY 4YTO CXOJHBI MPUPOJHO-’KOHOMHUYECKHE
YCJIOBHSI MX 0acCeiiHOB. DTO PErMOH BBICOKOTO CTOKA OKHCIICHHBIX COEIUHEHUN a30Ta,
HEOOJBIIOTO BBHIHOCA HEOKUCIEHHBIX (opM a30Ta, kpeMHusA. B oTnmume ot OacceifHOB
APKTUYECKHMX M THUXOOKEAaHCKMX Mopel B KacnuilckoM permoHe CTOK OKHCIECHHBIX
COCIMHEHUIN a30Ta pe3Ko NpeodlaaeT MO CPaBHEHHIO C HEOKHUCIEHHBIMH (opMaMu.
bacceiinbl Kacnmiickoro, banrtuiickoro, YepHoro, A30BCKOro MOpEeH HaXOIATCS MO
BO3JICCTBMEM CAaMOr0 MOILIHOTO B CTpPaHE€ TEXHOTEHHOIO JaBJCHUS, TO3TOMY
XapaKTEePU3YIOTCI MaKCUMaJIbHBIM CTOKOM HHUTPATHOTO U HUTPUTHOTO a30Ta, MHHEPATHLHOTO
u obmiero ochopa MpeuMyIIeCTBEHHO aHTPOTIOTEHHOT'O TPOUCX 0K ICHUS.

[Toctynnienune ¢enono B Kacnuiickoe mope co ctokoM p. Bonru B 1981-1985 rr.
coctaBuio 0,564 ThIC. TOHH, B MOCJIEAYIOLINE T'OAbl BO3POCIO 1O MAaKCUMyMa, COCTaBUBILIETO
1,26 TeIC. TOHH W 3apeructpupoBaHHoro B 1996-2000 rT., a 3aTeM BHOBb CHH3HIOCH JIO
MuHUMyMa, cocTtaBuBinero 0,348 teic. TonH. Haubonbmuit BeiHOC ¢eHonoB p. Tepek,
paBHbiid 0,038 ThIC. TOHH, 3apeructpupoBad B 2006-2008 rr. Hanbonpmuii BIHOC (DEHOIIOB
p. Kyma, pasnsiii 0,002 toic. TOHH, Habmogancs B 1981-1985 rr.

[Toctymnenue HedrenpoaykroB B Kacnuiickoe mope co ctokom p. Bonru B 1981-1985
rr. coctaBuiio 81,4 teic. ToHH, B 1986-1990 Bo3pocno no makcumyma, coctaBusiiero 111,0
TBHIC. TOHH, ¥ B TIOCJICYIOIINE TOIbI OBICTPO CHUXAIOCh. MUHUMYM, cocTaBUBIINK 13,5 ThIC.
TOHH, ObLT 3adukcupoBan B 2006-2008 rr. Haubonpmuii BeiHOC HEPTEPOIyKTOB p. Tepek,
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paBHbIll 6,08 ThIC. TOHH, 3apeructpupoBaH B 1991-1995 rr. HaubGonpmuii BbIHOC
HedrenpoaykroB p. Kyma, paBnsiii 0,482 teic. TOHH, HaOm0Ma1Ccs B 1991-1995 1.

ITocTymieHne XJIOpOpraHMYecKUX NecTUuAOB B Kacnuiickoe Mope cO CTOKOM p.
Bosru B 1981-1985 rr. cocraBuio 11,6 TonH, B 1986-1990 rr. 8,44 ToHH, a B OCIEAYyIOLINE
rOAbl CHU3WIOCH NMPAKTHYECKH Ha MOpsSAoK. MwunMMyM, coctaBuBmmii 0,226. TOHH, ObLI
3adukcupoBan B 2006-2008 rr. HauGonpmmii BeiHOC XOII p. Tepek, paBubiit 0,392. ToHH,
obu1 3apeructpupoBad B 1991-1995 rr. Haubonemmit Beinoc XOII p. Kyma, pasusiii 0,014
TOHH, TaKke HaOmromancs B 1991-1995 rr.

B cymmapnom Beinoce XOII p. Bounroit B 1981-2000 rr. npeBanuposan AT, B 2001-
2008 rr. — I'XII'. 3nauurtenbubie BenmuuuHbl ctoka JJAT p. Bomroir B 1981-1990 rr.
00yCJIOBJIEHO BHECEHHEM OOJBIIOTO KOJMYECTBA ATOr0 TMECTUIMAa Ha BogocOope B
MpeaeCcTBYONME epuoipl. Tak, HECMOTps Ha 3amper ero npuMmeHenus ¢ 1970 r. B 1975—
1980 Tr. B CENBCKOM W JIECHOM XO3SHCTBE ObLIO uMcmoib3oBaHo okomo 850 1t /T B
neiictytoieM Bemiectse. B 1991-1995 rr. B BeiHoce XOII p. Tepek npeobnamanu uzomepsl
a- u y-I'XHI" B pe3ynbrare aBapuitHoit yreuku [' XL B 1993 r. ¢ pacTBopHOroO y371a B pailoHe
r. Mo310K.

B nenom B Hayasie HOBOTO CTOJIETHSI MO CpaBHEHUIO ¢ 80-MU rojaMu MPOLUIOr0 BEKa
MOCTYIUICHHE MPHOPUTETHHIX 3arps3Hsmomux BemectB B Kacmuit co ctrokom p. Bomra
cam3mwics. B wambompimmedd cremenn ymenpmmics BeiHOC XOII, 4to oOBsicHseTCS
MPEeKpalleHUEM X TIPUMEHEHHUS B CTPaHE.

BrpiBOoabI

B paccmarpuBaemsbiii mepuon Bpemenu (1981-2008 rr.) cpemHeromoBoil CTOK
XUMHUeCKUX BemecTB B Kacnuiickoe Mope c¢ Tepputopun Poccum coctaBui:  a)
MUHepasibHOrO a3ora — 115,3 TeIc. TOHH; 6) MuHepanbHOrO dochopa — 8,71 ThIC. TOHH; B)
pacTBOpeHHOro KpeMHHUsS — 693ThIC. TOHH; T') OPraHUYECKUX BemecTB — 4269 ThIC.TOHH; 1)
¢enonoB — 0,814 Teic. TOHH; €) HePTENPOAYKTOB — 66,8 THIC. TOHH; XJOPOPTAHUYECKUX
nmecTunuaoB — 4,12 TOHH.

Ha pyGexe croneruii ymensmmics BbiHOc B Kacnuiéh ¢ Tteppuropun Poccun
MHUHEpAJIBHOTO a30Ta, HE(PTENPOAYKTOB M MECTUIMIOB, YBEIUYMUICS BBIHOC MHUHEPAIBHOTO
dochopa um opraHuueckux BewiecTB. Bo QuiykTyauusix BbIHOCA KpeMHHS U (PEHOJOB HE
BBISIBJICHO JOCTOBEPHOTO IIOJIOKUTENBHOIO WM OTPULIATENBHOrO TpeHJa. IM3meHeHus
XMMHUYECKOTO CTOKa B JTOT MepuoA OblIM OOYCIOBIEHBl Kak HPUPOJHBIMHU, TaK U
aHTPOIIOTEHHBIMH (PaKTOpamMH.

Oco0o cneayer OTMETUTh YMEHbILIEHUE BhIHOCA HEPTENPOAYKTOB OoJiee, ueM B 5 pas, u
XJIODOPTaHUYECKUX MecTULUAOB Oonee, yeM B 10 pa3, KOTOpoe SBISETCS pPE3yIbTaTOM
peanu3anuyu MPUPOAOOXPAHHBIX MEPONPUATHN OacceHaxX POCCHICKUX PEK, BMAJAIOIINX B
Kacnuii.

CTOK PEKHW BOCTOYHBI MAHBIY B XX| CTOJIETUH
B CBA3U C O KUJAEMbBIM UBMEHEHUMEM KIIMMATA

Bazeaok A.A., Jlypse I1.M.
CeBepo-KaBka3ckoe ynpasieHue 1o rugpomereoposioruu, Pocros-ua-Jlony, Poccust
Ten.: +7 863-251-0901
sk-ugms@yugmeteo.donpac.ru

AHHOTAIUA

B mocnennue necatwnetns Ha 3emie, B TOM uucie W B Oaccefine  Kacrmmiickoro mops,
O0TMEYaeTCs YCTOMYMBOE M3MEHEHUE KIIMMATUYECKHUX YCIOBUM, B pe3yJbTaTe KOTOPOTO IMPOUCXOIUT
YBEIUYCHHE TEMITepaTyphl Bo3myxa U aTtMochepHBIX ocamkoB. B Oacceiine Boctounoro MaHsrda
OJTHOBPEMEHHO IPOUCXOJUT yBEIMUYECHHUE CTOKA BOJABI U MepepaclpeliejieHHe €ro B TEYCHHE Toja.
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ITonoOHEI TIporiece OyAeT MPOMOIDKATHECS Kak MUHUMYM 10 cepeauanl X X1 cT. EcTecTBeHHBIN CTOK
peKH B CBA3M C OTUM MOXET Bo3pacTd Ha 16%, OZHOBPEMEHHO NPOHW3OUIET W3MEHEHHE
MPOJIODKUTEIBHOCTH JISJIOBBIX SBIICHUH, TEMIICPATYPhl BOJIBI U TBEPOTO CTOKA.

Beenenue

bacceiin peku BocTounblii MaHbd 3aHMMaeT BOCTOYHYHO 4YacTh Kymo-Manbruckoit
BraguHbl 1 CTaBpONOJBCKON BO3BBILLIEHHOCTH, MPOTAHYBIIMCH OT JoJauHBI p. Kamayc Ha
3amage u noutd Ao Kacnwuiickoro Mopst Ha BocToke. AOcomoTHble oTMeTKH Kymo-
Manbruckoi BHajHbl U3MEHSIIOTCA OT 26 M Ha Bojopaszaene 3amagHoro u Bocrounoro
Masnbiua 10 MUHYC 5 M B ycThe p. BocTounslii Manbiy. ICTOKM MPUTOKOB HaXOASTCS Ha
CraBporoiabCKOM BO3BBIIIEHHOCTH Ha BeicoTax okoiio 600 m (ITanos, bazemntok, Jlypse, 2009).

B XVI-XVII crt. p. Bocrounsii Manbu Bmanana B Kacnuiickoe mope. B Hacrosiee
BpeMs peKa TepseTCs B IPUKACIIMNUCKUX IeCKax. B To e BpeMs BO BTOpOU 1nojoBuHe XX CT.
ObL1 mocTpoeH Yorpaiickuii kaHa, o0 KOTOpoMy Boga BocTtounoro MaHnbiua moctymaer B p.
Kyma u nanee B Kacnmiickoe mope. [Io Hrxxnemy Teuennto p. Kyma, Horpalickomy KaHaiy,
Bocrounomy Manbiuy u Horpalickomy BOAOXpaHWIMILLY IPOXOJUT OAHA U3 IPOEKTHBIX TPACC
kaHana «EBpa3us», kotopslil coennHuT Kacnuiickoe 1 A30BcKoe Mopsi.

B ucropum ruaponoruyeckux HCCIeIOBaHUN paccMaTpUBaeMoro OacceiiHa MOXKHO
BbLIETUTH Tpu nepuona: 1) go 1920 r., 2) 1920-1940 rr. u 3) nocne 1945 r. Ilepsblit nepuosg
XapaKTEepU3yeTCsl PEKOrHOCLMPOBOYHBIMU HCCICJOBAaHUSMU 3TOM MAJIOHACEIEHHOW B TO
BpEMsI TEPPUTOPUM M CBSI3aH ¢ MMEHaMu Takux uccienosareneit, kak [1.C. Ilammac, N.A.
I'mnbnenmrenr, K.M. bap, H.. [lanuneBckuil U Ap., YCTAHOBUBIIMX OCHOBHBIE YEPTHI
ruaporpadun 6acceitna pexu. C 1920 mo 1940 rr. oCylIecTBICHBI MUPOKKUE UCCIICTOBAHUS
[0 HM3YYEHHUIO TUJIPOJIOTMYECKOrO0 PEKHUMA PEKU C LEJIbI0 CTPOUTENBCTBA CYI0XOJHOTO
kaHana Jlon — Kacnimiickoe Mope, 00BOJIHEHUS U OpOILIEHUS 3eMelb pernoHa. OTHOBPEMEHHO
B 1930 r. HayaTo cTpOUTENLCTBO KaHasa. B Tpertuit nepuon (mocae 1945 r.) ocyuiecTBiasiiuch
paboThI MO U3MEHEHUIO BOJHOTO PeKMMa M BOAHOTO OanaHca peKd ¢ IeNIbl0 0OBOJAHEHUS U
opouieHus 3emenb KymMo-MaHBIMCKONM BIAJMHBI U MPHUMBIKAONIMX K HEW C ceBepa M 1ora
teppuropuii CtaBpononbckoro kpas, Kanmeikun u PoctoBckoit obnmactu. B 3toT mepuon
MIOCTPOEHBI MOIIHBIE KaHAJbI 10 HepedpocKe BOJAbI BO BIAJUHY U3 OaccelHOB pek Tepek,
Kyma u Ky6ans, noctpoeHo Horpaiickoe BogOXpaHUIIHILE.

HN3meHeHne KIMMATHYECKUX YCJIOBHHI

Knumat ©OacceliHa yMepeHHO-KOHTMHEHTAJIbHBIM, € KOJIMYECTBOM aTMOC(HEpHBIX
ocagkoB OoT 217 1o 435 MM U cO CpPaBHUTENBHO BBICOKOM TEMIIEpAaTypOW BO3/yXa B TEIUIBII
NEePUOJ U COOTBETCTBEHHO OOJIBIINM HCTIAPEHUEM.

AHanu3 KIMMaTHYECKUX PAIOB METOJIOM JIMHEHHOIO TPEHAA 0 TEMIIEpaType BO3yXa,
atMochepHBIM OCaJKaM M CHEXHOMY TMOKpoBYy 3a 1971-2007 rr. mo MeTeoCTaHIHSIM
CraBponosnb, JluBHoe, Ap3rup u Apre3uaH mokasal, 4ro B Oacceifne BocTrounoro Manbrua
MPOU30IUI0 MX H3MEHEHHE C IMOJIOKUTEIbHBIM TPEHAOM il TEeMIEepaTypbl Bo3Ayxa M
aTMOC(EepHBIX 0CaKoB (Tabi. 1) 1 OTpULIATENBHBIM JJIS YUCIIA THEH CO CHEXKHBIM IIOKPOBOM.

Tpenn cpenHeil TemmepaTypbsl BO3JAyXa JUIsi BCero TIoja M IO Ce30HaM Toja
HOJIOKUTEIbHBIN U U3MeHsiercss B TeueHue roga ot 0,0094 °C/rox nerom o 0,0735 °C/ron
3UMOM, TIpU 3TOM TemIiepatypa Bo3ayxa 3a 1971-2007 rr. u3MeHuIach Caeayroumm o0pa3oM:

* cpeAHsis To10Basl TEMIIEPATypa BO3/lyXa 32 pacCMaTpUBAEMBI IEPHO/] IOBBICUIIACH HA
0,7-0,9 °C;

* 3UMHSS TEMIIEpaTypa Bo3ayxa IoBslcuiach Ha 2,7 °C;

* JIETHASI TEMIIEpaTypa B UCTOKax moBeicuiack Ha 0,8 °C, B TO BpeMs Kak B CpEIIHEH U
HWKHEW yactu Oacceitna p. Bocrounsiii Mansra — Ha 0,2-0,5 °C;

* BECHOW M OCEHBIO TemmepaTypa Bo3ayxa mnoBbicuiack Ha 0,4-0,7 °C, npuuém
HanboJee 3HAYUTEIIHLHO BECHOM, Korja oHa Bo3pocina B JluBnom Ha 0,6 °C, Apsrupe — 0,3 °C
u B Apre3uane Ha 1,0 °C.
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Taoauna 1
JluHelHbIC TPEHIBI TEMIIEPATYPhI BO3lyXa U aTMOC(EPHBIX OCAJIKOB B OacceiHe
p. BocTounsrit Mansiu 3a 1971-2007 rr.

Tloxka3zaTtenaun 3uma Becna Jleto Ocenb T'on

Temmnepartypa Bo3ayxa, C/ rox

Cpennue 0,0735 0,0111 0,0094 0,0202 0,0293

HauGonbmue 0,0760 0,0137 0,0221 0,0272 0,0328

Haumensine 0,0517 0,0066 0,0043 0,0126 0,0238
ATMoOcC(epHBIE 0CAAKH, MM/TOJ

Cpennue 0,0904 0,6519 0,7067 0,5893 2,0382

HauGonbmue 0,1126 0,6751 0,7585 0,9838 2,3582

Hanmenspmme -0,2524 0,6471 0,6549 0,1947 1,5485

Tpenn armocdeprbrx ocaakos 3a 1971-2007 rr. TakkKe MOJTOKHUTEIBHBIA KaK 3a TOJI, TaK
1 110 ce3oHaM rojaa u u3mensuics ot 0,0904 mv/rox 3umoit 1o 0,7067 mm/roa aetom (tadm. 1).
[Ipu 3TOM KOJIMYECTBO OCATKOB U3MEHUIIOCH CJIEIYIOITUM 00pa3oM:

* MPOU3OIILJIO YBEIHUEHUE CPEIHEro roJOBOr0 KOJIUYECTBA aTMOC(HEPHBIX OCAIKOB Ha
75 MM, puuéM HauOoJIee 3HAYUTEIIFHO B BEPXOBBIX U CpeIHEH yacT Oacceitna,

* B 3UMHUH TMEPHUOJl YBEIHUYEHHE KOJIUYECTBAa aTMOC(HEpHBIX OCAIKOB OTMEYaeTcs B
cpenHell U HuKHeW uacTsax OacceiliHa (Apre3uad - 4 MM, Ap3rup - 3 MM), a B BEpXHEH yacTu
ux OBLJIO MEHbIIIe HOPMBI Ha 5-9 MM (JluBHOE, CTaBpOMOJIb);

* BECHOU M OCEHBIO KOJIMYECTBO aTMOC(EPHBIX OCATKOB BO3POCIIO HA 2-24MM;

* IETOM OTMEUYEHO YBEJIMYEHUE KOTUYECTBA aTMOC(EPHBIX OCAIKOB HA 26 MM.

B 1970/71-2006/2007 rr. nUHEWHBI TpeHA 4YHUCIIa JHEHM CO CHEXHBIM IOKPOBOM
oTpunatensHeiii - 0,2552 gHEH/Toa, 4TO COCTaBHIIO COKpAIeHHE Yucia THEH CO CHEKHBIM
MMOKPOBOM 32 TOT MEepUOa Ha 9 AHEI.

[To GacceitHy 4uCIIO AHEH CO CHEKHBIM MOKPOBOM HanOoJee 3HAYUTENFHO COKPATHIIOCh
Ha CraBpomnonbckoil BO3BbIIEHHOCTH (18 nHel) u B HukHel vactu Oacceiina (11 nuei), a
HauMeHee — B CpeJiHel yacTH (2 IHs).

ODHOBpPEMEHHO C TOBBIMIEHUEM TEMIIEpaTypbl BO3/lyXa, YBEIUYCHHEM KOJIUYECTBA
OCAJIKOB M YMEHBIIEHUEM YHUCJA JTHEH CO CHEKHBIM IOKPOBOM IMPOMCXOAUT U3MEHEHHE U
IPYTUX DJIEMEHTOB KiIuWMaTra. Tak, 4HCIO JHEH ¢ aTMOC(PEpPHBIMU OCAJIKaMH B IIEJIOM
COKpaTuiock. Bmecte ¢ TeM, Bo3pociio yucio aHel ¢ ocagkamu 6onee 15 mm. [loBcemecTHO
YMEHBIIUIUCH TOJIIIMHA CHEXHOTO MOKPOBAa W 3amackl BOJbI B HeM. l3MeHeHuWe 3THx
3JIEMEHTOB KJIMMaTa MPHUBEIO K MU3MEHEHHUIO >KHJIKOTO CTOKAa, MPUYEM KaK K BO3PACTaHUIO
o0IIero croka BOJBI WU COKPAIEHWIO JOJHM CHErOBOrO THUTAHUs, TaK M OCOOEHHO K
YBEIMUYEHHUIO TOBTOPSIEMOCTHU JTOK/IEBBIX TABOJAKOB, CBA3aHHBIX C JIMBHEBBIMU OCA/IKaMHU.

N3menenne ruaporpaguu 6acceifHa 1 pe4YHOro CTOKa

I'unporpaduueckas cetb B Oacceline peku BocTounblii MaHbIY pa3BUTa OTHOCUTENIBHO
crmaGo. ['ycToTa pedHoii cetn Ha GonbIei yacTy Tepputopuu coctapiser 0,2-0,3 km/km?. JIo
1932 r. ruaporpadudeckas ceTb ObUTa MPAKTHYECKH €CTECTBEHHOM, M BOJTHBIE OOBEKTHI OBLITH
IIPEICTaBIECHBl PEKaMH, 03€paMH U HE3HAYUTENIBHBIM YHCIIOM TPYIO0B.

K cepenune 50-x rogoB XX cT. ruaporpadudeckas ceTb 0acceiiHa Oblja CyIECTBEHHO
U3MEHEHA KaK 3a CUET CTPOMTENIbCTBA BOJOXPAHWIIMI M NPYIOB IO AOJIMHAM PEK, TaKk U
MPOBEJICHUSI MHOTOUMCIIEHHBIX KaHaloB. B pe3ynbrare 3TOro OBLI 3aTOIUIEH psia 03€p
(iumanoB). Crok p. Kanayc ¢ 1970 r. nocie cTpouTenbeTBa B €€ YCThE INIOTHHBI TPOUCXOJUT
Terepb TOJBKO B p. 3anaansiii Manbra (ITanos, bazentok, Jlypee, 2009).

o 1973 r. BocTounblit MaHbI4 U €r0 MPUTOKU B MAJIOBOJIHBIE TOABI U XK€ B TOABI CO
CpelHell BONHOCTBIO B OT/AEIbHBIE MECALIBI IEPEChIXaIN U PEKH MPEBPAIIAUCh B 1IETIOUKY HE
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COCOMHEHHBIX MeXay coboil mnécoB. Boma B pekax Obula CHIBHO MHUHEpAIM30BaHa W
OIIPECHSIACH TOJIBKO B IIEPHOJ, BECEHHETO MTOJIOBOBS.

B XIX-XX cr. p. Bocrounsiii Manelu yxxe He noxoawna no Kacnwuiickoro mops, a
BIIajaja B 03epo Xap-Opr. B To e Bpemsi pacCMOTPEHHE COBPEMEHHBIX TOMOrpapuuecKux
KapT ¥ KOCMHYECKHX CHUMKOB TMO3BOJISIET CYUTATh, YTO BocTouHbli MaHb4, 00BOJHEHHBIN
nocie 1973 r., Bnagaer B 03epo Kek-YcH, pacnonioxeHHoe B 47 KM K BOCTOKY OT 03epa Xap-
Opr.

B OacceilHe peku oTMedaeTcsi IOBOJBHO 3HAUUTENIBHOE YHUCIO O03Ep pasIMYHbIX
MOP(OJOTHUECKUX THUIIOB: MOWMEHHBIC, JIMMAaHHBIE W BOJAOPA3JCIIbHO-3aMaMHHbIC, WJIH
CTEIHbIE. 3a MOCJIEIHEE CTOJETUE 03€pa BEChbMa 3HAYUTEIbHO U3MEHWINCH U TOIBKO B 1930-
1995 rr. WX 9KMCIO YMEeHBIIMIOCH Ha 51, a ux miomams Ha 1,40 km®. M3MeneHme 03&p
IPOMCXOIUT KakK IOJ BIMSHUEM TIeoMOpP(OIIOTHYECKUX MPOLECCOB, TaK U B pe3yibTare
AHTPONOTeHHOU JAesTenbHocTH. [Ipu 3TOM TocnenHuid GakTop sBisieTcs mpeodnaaarmuM. B
pe3yibTare 3TOro 4yacth 03€p OblUIa 3aTOIUIEHA MPH CO3JAaHUU BOJOXPAaHWIHUIL, HEKOTOpHIE
MCYE3JIM BCJEICTBUE PACIIAXaHHOCTU 3€MENlb U B TO K€ BpEMs IMOSBUWINCH HOBbIE 03€pa B
paiioHe MarucTpalbHbIX KaHAJIOB, 00pa30BaBIIMECS B pe3yibTaTe cOPOCOB BOJbI U3 KaHAJIOB
B pa3jIMYHBIC €CTECTBEHHBbIC MOHMXKEHHSI. OCOOCHHO MHOTO TakuX 03€p 00pa30Baioch B
paiione Kymo-Manbruckoro u YUepHo3eMeNnbCKOro KaHaIoB.

B cBs3u ¢ mepectpoiikoil ruaporpaduueckoil ceTH B HACTOSIIEE BPEMsi OCHOBHBIMHU
BOJHBIMU OOBEKTaMH B OacceliHe MOYKHO CUMTaTh BOJOXPAaHWIMIIA M HPYJbl, KOTOpbIE
UTPAIOT OCHOBHYIO POJIb B BOJOXO3sIICTBEHHOM OanaHce perrnoHa. Beero B 6acceiine nmeercs
3 BogoXpaHWIMINA 00IIeH moniaapo 184 KM’ U TIOJHBIM 00BbEMOM 665 MIH. M°. OCHOBHOE
Ha3HAUYEHHE BOJOXPAHWIMIL — OpOILICHHWE, OOBOJHEHHE, BOJOCHAOKEHHWE U pBIOHOE
XO034HUCTBO.

Oco0eHHOCTRIO  THApPOrpadUIECKO  CeTH  sBISETCS TycTas CeTh KaHAJIOB,
pacnpenenuTeNnel, JpeH U KOJUIEKTOPOB. boipias 4acTe U3 HUX CO3JaHa C LEJIbI0 OPOLIEHUS
1 OOBOJIHEHUS 3aCyLUIMBBIX CTEMHBIX pailoHoB. Hambornee 3HaYMTENbHBIMM KaHajJaMH IO
00BEMY MpoXoJAIei o HUM BoJIbI sABIst0TCS Kymo-Manbruckuii 1 YepHo3eMenbCKuil.

I'Maposorn4eckuil pexxuM peK OINpEAeseTCsl PACIOI0KEHHEM UX B CEMHAPUIHOM U
apuIHOM 30HaX, IJle OTMeYaeTcs 3HauuTeNnbHbIH Jepuuut Boabl. IlosTOMy, YTOOBI
obecreunTh TOTPEOHOCTH HACENEHUS U OTpaciiel AKOHOMHUKH, OCOOEHHO CEIhCKOro
XO35I1CTBa, B BOJE, HA CTOK PEKH YK€ JUINTEIBHOE BpPEMS OKa3bIBACTCS AHTPOIIOIEHHOE
BO3/ICIICTBHE NMYTEM CTPOMUTEILCTBA B pyclieé BOJOXPAHWIUII M MPYAOB, MEPEOPOCKU IO
KaHasnaM Bojbl u3 OacceifHoB pek Tepek, Kyma n Ky6anb. Kak cnencrsue, coBpeMeHHBIN
CTOK peK B OacceliHe BeCbMa 3HAYUTENIbHO OTJIMYAETCS OT €CTECTBEHHOTO.

B Bocrounsiit Manbiy nocrtynaer Boga u3 pek Tepek, Kyma u Kybanp mo Kymo-
Mansbruckomy kaHanmy. CTOK MalbIX PeK, MPOTEKAIOUUX B pailOHEe HACENEHHBIX IMYyHKTOB,
U3MeHEH Wu3-3a cOpoca B HUX KaHAIM3ALMOHHBIX W IPOMBIIUIEHHBIX BojA. Ha
npeobiiafjatoieM 4Yrciae HeOONbIINX PeK M OaloK MOCTPOEHbl MHOTOYHCIEHHBIE NMPYIbl U
HeOoJpIIMe BOJOXpaHWIUIIA. B pe3ynprare 3TOro B MX 6acceifHax MPOM30ILIO HE TOJBKO
nepepacnpezielieHne CToka B TeUeHHUe Tojla, HO M COKpaTHIICS 00U CTOK M3-3a MOTEPh BOJbI
Ha MCIIAPEHUE B JIETHUI NEpHOJ] HAa BOJOXPAHWIUIIAX U NIPYyIaX.

AHTpPOIIOT€HHOE BIUSHUE MPHUBEJIO K YMEHBIICHUIO CpeIHErooBoro croka k 1970 r. B
HiecTh pa3 B CBs3U ¢ oTwieHeHueM p. Kanayc. [locne 3anonnenus B 1973 r. Yorpaiickoro
BOJIOXPaHWIMILA CTOK peKu Huxke Yorpalickoro BOAOXpaHWIMILA YBETUYHICS B CEMb pas.
EcrectBennsblif crok p. Boctounsiit Manbsu Ha 2007 1. oT ¢dakTtuueckoro cocraBun 14%, a
AaHTPOTIOTEHHBI  3a cyeT cOpoca B peky Bombl u3 Tepeka, Kymer m Kybanu — 86%.
OnHOBPEMEHHO MPOMU3O0LIIO0 U3MEHEHUE U BHYTPHUIOJOBOIO PACIIPEAEIEHUS CTOKA: OH CTaj
Oonee paBHOMEpPHBIM B TEYEHUE TI0/a, COKpaTWiIach €ro JoJjs B BECCHHMH MEpuox u
YBEJIUYWIACH B JICTHUW U OCCHHUM.

[Tepebpocka cToka U3 6acceiHOB COCETHUX PEK BECbMa CYIIECTBEHHO CKa3alach U Ha
cToke HaHocoB. [IloBcemecTHO oOH yBenuuwics. Taxke MPOU30LUIO HU3MEHEHUE
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BHYTPHUI'OJIOBOTO paclpesieNieHHsi cToka HaHOCOB. OH COKpaTWiCcs B BECEHHMH NEpUOI H
yBEJIIMYMJICS B JIETHUH, KOrJa crail HauOOJIBLIIMM. YBEIMYEHHE CTOKAa PEKH WU
nepepacnpeiesieHie ero B TE€UYEHHE T0/1a OKas3ajo BIMSHUE Ha TeMIepaTypy BOJBI — OHa
HECKOJIbKO MOBBICHJIACh, @ TAKXKe Ha JIeJOBbIM pexuM. IlosBieHue neoBbIX SBIEHUI cTalo
OTMCYATBHCA II03KC, 4 OKOHYAHUC — PAHBIIC. B oejoM I1mepuo € JCAOBBIMU ABJICHUAMU
HECKOJIbKO coKpatmica. OMHOBPEMEHHO 3aMETHO COKpPATHJIOCh YHMCIIO AHEN ¢ MpoMep3aHHeM
U TIEpEeChIXaHUEM, UYTO CBsI3aHO C yBenudeHueM BojaHocTu pek (Ilanos, bazemok, Jlypbe,
2009).

.HCILOBBIC SABJICHUA Ha BOJOXpaHWJIMIIAX OTMCYAKOTCA CXKCECTOAHO. Hauano wx
OPUXOJUTCA Ha Havyalo JekaOps, a OKOHYaHMEe Ha BTOPYI IOJIOBUHY MapTa.
[TpomomxurensHOCTh JenoctaBa 80-90 nuei, a mepuoxa c¢ aenobeiMu sBineHusiMu 100-110
naHel. CpenHss TOJILMHA JIbJja Ha BOAOXPaHUIMILAX HeOobIIas 1 HanOoIbuX BeauuuH 30-
50 cM mocTuraer B KOHIIE (eBpas.

3aki0ueHne

EcrecTBeHHblil BoaHbI OanmaHc OacceliHa (OpMHUpPYeTCs B YCIOBHAX OTUYETIMBO
BBIDOXKEHHOIO HEJNOCTaTKa YBJIaXKHEHUs IIpU BBICOKOM Temmeparype Bo3ayxa. B
€CTECTBEHHBIX YCIIOBHAX JI0 Hayajla HM3MEHEHMs KIMMATHYECKUX YCIOBHH arMocdepHble
ocaJku B OacceliHe cocTaBisiin 397 MM, MOIHBINA MOBEPXHOCTHBIN CTOK - 4,8 MM, cCyMMapHOe
ucnapeaue — 392 mMMm. B cBsA3M ¢ M3MEHEHMEM KIMMATHUYECKUX YCJIOBHM MPOU30ILIO
U3MEHEHHUE €CTECTBEHHOI'O0 PEYHOI'0 CTOKAa U €r0 BHYTPUI'OJOBOTO paclpeiesieHus, a TaKkkKe
JAPYTrUX TUAPOJOTHUECKUX XapaKTePUCTUK (JIEIOBBII M TeMIepaTypHbId pEXHUM, CTOK
HaHOCOB M 1p.). 3a 1971-2007 rr. B CBsA3M C BO3pacTaHHEM aTMOC(EPHBIX OCAJKOB
YBEIUYWIICS MOJHBIN CTOK, a HOBBIIIEHHE TEMIepaTypbl BO3yXa HNPUBENIO K YBEIMUYCHMIO
CyMMapHOro ucnapenus (Tadm. 2).

B cBA3M ¢ TeM, 4YTO CTOK pEKH OIPEAEIAETCS MPEXIE BCEr0 KIMMAaTHYECKHMMU
YCIIOBUSIMH, MPEACTABIISAET OOJIBILION MHTEPEC ONMPENEIUTh XOTs Obl B IEPBOM IMPUOIMKEHUN
KaK U3MEHHUTCS CTOK M BOJIHBIN OanaHc p. Bocrounsiit Manby k cepenune XXI cr. [To psany
kmumatndeckux cueHapueB (GFDL, CCC, maneoknmMaTH4ecKuid W TPEHIOBBIM) HaMu
OCYILECTBJICHA OLIEHKAa BO3MOYKHOTO H3MEHEHHs TeMIepaTypbl BO3JyXa U aTMOC(HEpHBIX
ocaakos B 2007-2050 rr.

HaGmronaromeecs M3MeHeHHE KiIMMaTa OyAeT MpOJODKAThCS KAaK MHHHUMYM 10
cepeaunbl XX cT., a Mo pacyeraM MHOTUX Y4YE€HBIX 10 KOHIa croinetus (BoaHble pecypcsl,
2008; N3menenue knumara, 2001). ITo pacuéram cpenHsis rojoBasi TeMrepaTypa Bo3ayxa K
2050 r. moxet yBenuuuthes Ha 1,3 °C, rogoBoe KOJIMUECTBO aTMOC(HEpPHBIX 0CaKOB Ha 7,8
% wu ucmapenue Ha 7,7%. COOTBETCTBEHHO MPOU3ZOHUIET YBEIUYCHHE €CTECTBEHHOTO
MOBEPXHOCTHOrO cToKka Ha 0,8, unu Ha 14%, a ecTeCTBEHHOTO MOJIHOTrO cToka Ha 0,9 MM, niIu
Ha 16% (Tabm1.2).

Taoaumna 2
EctectBennsblit BojHbIN 6ananc p. Boctounsiit Mansiy Ha 1970, 2007 1 2050 rr.

Cioi cToKa, MM

C oe
Tonwt Ocanku TOMHBIH CTOK ~ TIOBEPXHOCTHBIN  MOJ3EMHBIH CTOK cn);n;r:pl: : MM
CTOK ’
1970 397 4,8 4,7 0,1 392
2007 434 57 5,6 0,1 428
2050 468 6,6 6,4 0,2 461

OpHako Takoe yBETMYEHHE €CTECTBEHHOI'O PEYHOTO CTOKA HE MO3BOJIUT MO-TIPEKHEMY
pemark MpoOJIeMbl BOMOOOECTICUEHUsT KaK B Tpejaenax OacceiiHa, Tak W BHE ero 0e3
JOTIOTHUTEIBHOTO cToKa. O0mmii ctok p. Boctounsii Mansrd k 2050 1., Kak U B HACTOSIIIEE
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BpeMmsi, Oy/IeT onpeensaThcst 00bEeMOM BOJIBI, MoaBaeMoii B OacceitH mo Kymo-Manbrackomy
KaHaJly Kak MUHUMYM Ha ypoBHe 1985-1990 rr. paBHbIM 615 MiH. MY, wm 29 MM.
3HaAuUTENIbHASA YacTh ATOM BOABI YXOAUT 1o UYepHo3emenbckoMy kaHaiy B Kanmbikuio (353
MJIH. M3) M TONbKO 135 MiH. M cOpacbiBaeTcs U3 YorpaliCKoro BOJOXpaHWIHINA B P.
Bocrounsiii Manbru. [losTomy BogHbIN Oananc O6acceliHa peku, kKak u B mocineanue 40 ner, B
3HAYUTENIbHOI Mepe OyaeT ompenenarbes noaadeit Boapl mo Kymo-MaHbluckoMy KaHaly U3
6acceitnoB Tepeka, Kymbr u KyGanu.
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Abstract

This paper investigates trends in hydrological and climate variables and compares their
magnitude and direction within the Atrak River basin northeast of Iran. Overall, 11
hydrometeorological stations were chosen and trends in 14 variables including mean discharge, peak
discharge, annual precipitation, maximum daily precipitation, number of rainy days, mean
temperature, absolute minimum temperature, absolute maximum temperature, average minimum
temperature, average maximum temperature, diurnal temperature range, relative humidity, pan
evaporation, and reference evapotranspiration were analyzed. The non-parametric test of Mann-
Kendall has been used. The results indicate that annual mean discharge in the Atrak River basin is
significantly decreasing but annual peak discharge is increasing slightly. There is no evidence of
significant increasing or decreasing trend in annual and maximum daily precipitation. Investigation on
temperature variables shows dominant increasing trends significant at 95% confidence level across
almost all stations. The relative humidity is decreasing significantly within the Atrak River basin.
Observed time series of pan evaporation and calculated time series of reference evapotranspiration
indicate an upward trend of evaporative power of atmosphere above the study area. Generally
speaking, although the decreasing trends in hydrological regime is in agreement with the
Intergovernmental Climate Change periodic reports but it can’t be explained merely by variations in
precipitation regime. However the consistent and significant trends of temperature and
evapotranspiration rate explain the decreasing trends of streamflows.

Introduction

The Fourth Assessment Report (FAR) by the Intergovernmental Panel on Climate
Change (IPCC) has predicted that most regions of the Earth will experience a significant
increases (i.e. >1.8 °C) in the mean annual temperature by the end of the present century
mainly due to the anthropogenic greenhouse gas concentrations (IPCC, 2007). Furthermore,
comparing the results of long term trend analyses reported in the consecutive Assessment
Reports by the IPCC including the Second Assessment Report (SAR) in 1996 (1 to 3.5 °C),
Third Assessment Report (TAR) in 2001 (1.4 to 5.8 °C), and Fourth Assessment Report
(FAR) in 2007 (1.1 to 6.4 °C) indicate that the warming trend of the Earth is even getting
intensified. For instance, the linear trend of 0.74 °C for 1906 to 2005 given in FAR is larger
than 0.6 °C for 1901 to 2000 reported in TAR. Increase in global mean temperature is
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expected to accelerate the global hydrologic cycle (Ohmura and Wild, 2002). Long term
observations of precipitation and rivers discharge over many areas indicated that
intensification of global hydrological cycle has resulted in a general increase of precipitation
and consequently river discharge in latitudes above 45° and within 5° of the equator but
drying of areas located between latitudes of 5° to 40°. For example, eastern parts of North and
South America, northern Europe and northern and central Asia are significantly getting
wetter. But the Sahel, the Mediterranean, southern Africa and parts of southern Asia are
generally becoming dryer (IPCC, 2007). It should be noted that these are general results over
very large scales. However, precipitation and streamflow are highly variable spatially and
temporally and the effect of the hydrological cycle intensification will be varied in different
regions and locations, specially, streamflow which integrates the influence of atmospheric
variables, land surface and subsurface properties (such as vegetation, drainage density, soil
cover, geology, etc.) of a watershed (Birsan, et al., 2005). For this reason many regional
and/or national trend studies to investigate the likely impacts of climate change on streamflow
have been carried out in the world (Lettenmaier et al., 1994; Burn and Hag Elnur, 2002;
Middelkoop et al., 2001; Kundzewicz 2008). Results of these studies indicated that there are
great diversity in the direction and magnitude of the local and regional estimates of climate
and hydrological trends. Most of these studies attempted to link the effects of climate change
on streamflow based solely on long term records of discharge and climate variables,
particularly precipitation (Gardner, 2009).

However due to variety of factors influencing the precipitation-runoff transformation
process, the interpretations of observed trends in streamflow based merely on precipitation
data will obviously be inaccurate. The impact of intrinsic watershed properties may amplify
or dampen the influence of climate variables on streamflow trend (Molnar and Ramirez,
2001). Furthermore, some properties, such as land use, forest cover, urbanized area, etc., may
change over time, resulting in changes in streamflow.

This study attempts to detect any trends in the long term observed data of various
climate variables and streamflow data in the Atrak River basin in northeast of Iran.

Study area description

This study has been carried within the Atrak River basin in northeast of Iran. The Atrak
River basin locates between eastern longitude of 54° to 59° 04" and northern latitudes of 38°
17" to 38° 57" and its elevation ranges from -22 m a.s.l at the Caspian sea shore to 2903 m
a.s.l. at the highest point in the most eastern parts of the basin. From physiographic point of
view, the Atrak river basin has two distinct sections: mountains (77%) and flat plains (23%).
The precipitation pattern varies depending on the physiographic condition. In higher
mountains it occurs mostly as snow in autumn and winter and as rainfall in other seasons. In
plains it mostly occurs as rainfall except in winter seasons which falls as snow. This
precipitation pattern influences the hydrologic behavior of the river basin which fluctuates
seasonally.

The Atrak River is one of the longest rivers of Iran with a total length of about 520 km
and drainage area of approximately 25627 km? inside the country as well as small area within
the Turkmenistan territory. Due to the physiographic condition the mean annual precipitation
increases from less than 200 mm near the outlet to more than 500 mm in the high mountains
in the most eastern parts. Flash floods and seasonal flows are common hydrologic
characteristics of the Atrak River and its tributaries.

Floods and droughts are two frequently occurring natural hazards within the Atrak
River basin where shortage and inappropriate spatial and temporal distribution of water
resources is an inherent issue. Unfortunately, local documentations and reports indicate an
increasing trend in the frequency and severity of floods and droughts and the damages
induced by them. Many believe that these increasing trends are most likely related to the
global climate change impacts. Therefore, in this study changes in climate and hydrological

98



variables of the Atrak River basin were analyzed and compared to understand their
relationship.

Data

Data subject to trend analysis in this study are observed or calculated meteorological
and hydrological annual variables (in total 14 variables) measured at 11 hydroclimatological
stations prepared by the Surface Water Bureau of the North Khorasan Regional Water
Company and the Surface Water Bureau of the Golestan Regional Water Company both
affiliated to the Ministry of Energy of Iran. Figure 1 shows the location of study area and
measurement stations.

o A

(*) Evaporimeter station
. 0 15 30 60 %0 120
A Hydrometry and Rain gauge — sssr—mr

Fig. 1. Location of the study area and hydroclimatological stations

Period of data analysis was from 1971 to 2007. Meteorological variables include annual
precipitation (P), maximum 24 hour precipitation(P24), number of rainy days (NRD), mean
temperature(T), absolute maximum temperature(ATmax), average maximum temperature
(Tmax), absolute minimum temperature (ATmin), average minimum temperature (Tmin),
diurnal temperature range (DTR), relative humidity (Rh), pan evaporation (Epan), reference
evapotranspiration (ETo). The hydrological variables were annual mean discharge (Qm) and
peak discharge (Qp). Evaporation and temperature were recorded in 5 stations (Aghmazar,
Barabar ghalea, Resalat, Seyekab, and Torshakli), discharge variables in 8 stations
(Aghmazar, Baba aman, Darband, Darkesh, Ghatlish, Maraveh tappeh, Shirabad, and
Torshakli), and precipitation was recorded at all stations.

Analysis

Long term trends of each variable were determined using the non-parametric test of
Mann-Kendall. The rank-based Mann-Kendall method is a commonly used method to detect
and assess the significance of monotonic trends in hydroclimatological time series (Burn and
Hag Elnur, 2002). This test has advantage of not assuming any distribution form for the data
is especially suitable for non-normally distributed data, censored data, data containing
outliers, and nonlinear trends (Molnar and Ramirez, 2001). According to Mann (1945), the
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null hypothesis Hy states that the deseasonalized data (xi, Xz, ..., xn) are a sample of n
independent and identically distributed random variables (Yu et al., 1993). The alternative
hypothesis H; of a two-sided test is that the distribution of x; and x; are not identical for all i, j
< n with i #j. Therefore, in order to apply the Mann-Kendall test, data of time series should
be independent. The results of autocorrelation function analysis (ACF) indicated that for most
of the stations, the serial correlations of time series of the variables of interest are either non-
significant at 95% confidence level or relatively small which have been ignored in this study.

Reference evapotranspiration (ETo) is not directly observed. There are a few methods
with different levels of complexity and data requirement to calculate it. In this research the
Hargreaves and Samani method was used to calculate ETo as follow (Hargreaves and Samani,
1985).

DTR =T max—T min
ETo = 0.0023 Ra(T +17.8)/DTR

Ra=37.6Dr(Ws.sin ¢.sin 6 + c0s¢.c0so.SiNWSs)
Ws = arccosftan ¢.tan o)

Dr =1+0.033c0s(.0172J)

0 =0.409sin(0.0172J —1.39)

J =int(30.5M -14.6)

Where Ra is extraterrestrial solar radiation (MJm™2d™), Dr is relative distance of Earth to
Sun in astronomical unit (AU), ¢ is solar declination in radians, @ is latitude in radians, Ws is
hour angle in radians, M is the month number (1 to 12), and J is julian day number (1 to 365).

Results and discussion

The results of trend analyses for different variables are shown in figure 2. The figure
shows trends significant at 95% confidence level with large dots and non significant trends at
the 95% level with small dots. Increasing trends have been presented with black dots and
decreasing trends with white dots.

Generally speaking, temperature and discharge show positive and negative trends,
respectively. However, precipitation series show almost no consistent significant decreasing
or increasing trends at the 95% confidence levels across the Atrak River basin.

Results show that there is a significant downward trend in streamflow across whole the
Atrak River basin, indivating that shortage of water resources in such arid and semi-arid basin
will be serious problem, particularly during the drought events which are frequent
phenomena. Since more than 77% of the Atrak River basin has been covered with mountains,
inhabitants of the area are mainly dependent on surface water resources. Therefore, downward
trend of streamflow makes the situation of the area critical. Despite significant decreasing
trend in mean annual streamflow, magnitude of floods is increasing. This can be clearly
noticed from the consistent upward trends of annual peak discharges. However, the upward
trends are not significant at 95% confidence level for any of the observatory stations.
Therefore, not only the shortages of water resources will be a critical issue but also the flood
hazards will be more serious in flood rich regions of the Atrak River basin. Due to the
physiographic conditions of the basin, the most economically productive lands of the study
area are distributed alongside the stream networks which provide their irrigation water.
Location of these lands makes them as the most flood prone regions. The observed increasing
trends in annual peak discharge and decreasing trend in mean annual discharge are in
agreement with the IPCC reports and predictions (IPCC, 1996, 2001, 2007). Time series of
precipitation variables show almost no significant trends at the 95% confidence level (Fig.2).
Few stations show significant upward trend (95% level) for number of rainy days (NRD) time
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series. The significant increasing trend of NRD for some stations might be related to
replacement of standard cylindrical raingauges with mechanical or digital recording
raingauges which afford recording of rainfall amount as much as 0.5 mm or less.

As seen in Figure 2, none of stations show a significant decreasing or increasing trend
for annual precipitation and maximum daily precipitation. If the precipitation regime of the
area has not undergone any changes, questions arise about the other possible causes of the
changes in hydrological regime.

Q Qp

P P24
O °

& ® o

NRD
)

)

Negative — Negative — Positive - Positive — Significant
O Significant (95%) Nonsignificant Nonsignificant (95%)

Fig. 2. Trends in streamflow and precipitation variables

Based on previous investigations on climate change in regional or global scales, there is
a common sense that the planet Earth has been experiencing warming trends. Warming of
climate consequently will speed up of the evapotranspiration potential of the atmosphere. To
this end in the following section any indication of warming trends of the basin climate and its
influences on potential evapotranspiration rate is presented. As seen in Figure 3, all
temperature indices show upward trends.

Almost all temperature indices in almost all stations indicate significant trends at the
95% confidence levels. The observed trends of most of the indices are even significant at the
99% confidence level (not shown in the article). Higher trends were observed for nighttime
temperatures (absolute minimum and average minimum). Since the daytime temperatures
(absolute maximum an average maximum) do also show significant increasing trends, the
diurnal temperature range (DTR) time series do not indicate consistent significant upward
trend across the stations. Therefore, it can be concluded that the saturation deficiency of the
atmosphere which influences on the evaporative power of the atmosphere and indicated by
DTR does not present trends as large as temperature indices themselves.
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Fig. 3. Trends in temperature and evapotranspiration variables

However trend of relative humidity (Rh) shows a consistent and significant decreasing
trend at the 95% confidence level. Also trend analysis of the observed pan evaporation (Epan)
time series indicates increasing trends across all stations which is significant at the 95%
confidence level or more for two of the stations. To check this discrepancy, the reference
evapotranspiration rate (ETo) was calculated applying the Hargreaves and Samani (1985)
method across the stations with temperature data. The long term time series of the calculated
ETo indicated that there is a consistent significant trend within the Atrak River basin.
Considering the consistent upward trends of Epan and ETo, it can be concluded that the
observed downward trend of annual discharge can be explained by warming of climate within
the Atrak River basin. Therefore water resources management authorities of the area are
suggested to consider the likely impact warming trends in their management policies and
strategies which rely on constructions of mid size dams and open reservoirs.
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Conclusion

The Mann-Kendall test was used to investigate trends in the streamflow, precipitation
and temperature for the period of 1971-2007. A significant decrease was found in the annual
discharge across all stations and an increasing trend was observed in the annual peak
discharge. Although there is a significant change in hydrological regime of the Atrak River
basin but no indication of a significant precipitation regime change was observed there.
However a significant increasing trend was found for almost all of temperature indices and
evapotranspiration variables across almost all stations. Relative humidity showed a consistent
significant downward trend within the Atrak River basin.
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TREND OF CHANGE IN DISCHARGE OF IRANIAN MAJOR RIVERS
TO THE CASPIAN SEA
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Abstract

Oscillations of river discharge mainly affected by the drought phenomena in regional and global
scales are consistent with climate change and human interference in the recent years in the catchments,
especially with the growing water needs, the trend reduction to have taken. Rivers of Iran are involved
with these cases, although it still has not come at a critical stage. In this study, with notice the threads
above, trend of changes in Iranian rivers discharge to the Caspian Sea is assessed and also compared
with other rivers and the Caspian water level changes. In this study, monthly and annual statistics for
nine rivers and also the Caspian sea water level and other rivers data prepared as well as the Caspian
Sea Research Database. Methodology of this study is included of time series analysis and reasoning.
Results of research shows that in a common periods of 26 years Iranian rivers discharge has followed
a decreasing trend, but two-terms trend of increasing and two-terms decline is seen. In addition
changes in discharge with an annual difference of water level shows a high correlation, so this subject
offers that the Caspian Sea and Iranian rivers basin have interaction. Exploitation of water resources in
Iran, including the creation of dams are other factors has been influencing the trend of discharge
changes in recent years.
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Introduction

Changes in river flows, as well as lake and wetland levels, due to climate change
depend primarily on changes in the volume and timing of precipitation and, crucially, whether
precipitation falls as snow or rain. Changes in evaporation also affect river flows. Several
hundred studies of the potential effects of climate change on river flows have been published
in scientific journals, and many more studies have been presented in internal reports. Studies
are heavily focused towards Europe, North America and Australasia, with a small number of
studies from Asia (Bates et al. 2008).

Iranian Caspian Sea basin is one of Asian watershed that very little study has been done.
Elongation of the Caspian Sea basin from tropical areas to the polar regions has led to the
Caspian water body act as a hydroclimatic sensor. In other words, Caspian water level
fluctuations con consider as an indicator of climate in this region. This watershed is one of the
Caspian Sea sub-basins that warmest and southern part it is considered and has important role
in climate and hydrological condition. This rivers hydrological regime is very different
according to their nature and watershed basin area. Rivers that have high and snow stuck
watershed, even after the onset of the warm season have significant water flow. For example,
Sefid-Roud River that is from the chehl-cheshmeh Mountains of Kurdistan has considerable
water flow in year duration; all in water flow is considerable. The rivers of Chalus and Haraz
are important also due to watershed development in the heights of Damavand and Alamkoh
mountain. These rivers water flow regime have not coincided with precipitation pattern.
Because their water supply in dry season, Snow Mountains and many springs are abundant in
them. But the rivers that their water resources are from low altitude and with relatively low
rainfall of Mazandaran and Golestan provinces; due to lack of snow storage after the dry
season when rainfall decreases have little water flow.

Thus, their water flow regimes have more coincidence with rainfall pattern.In addition
discharge of these rivers have some irregular fluctuations in past years duration, but it seems
they have regular trend. Usually defined "trend” changes slowly, steady and long-term
average values. Gringer (1993) says that trend to be a combination of frequency components
that it is wavelength; more long series of observations. On the other hand, length of data
period plays an important role in determining the moving average. Xoplaki (2004) to identify
temperature trends in period 1850to 1999 used ten year moving average, and used four years
filter to determine precipitation trend in period 1950 to 1999.

In this study, we compared and evaluated trend variability in the southern Caspian Sea
rivers discharge and finally determined whether changes occurred in the trend of river
discharge follows the origin of the natural or man-made. The aims of this research are
understanding the effect of climate change on discharge of major Iranian river of the Caspian
Sea basin. Many studies so far in connection with climate change and water resource in
different areas of the world has been done. IPCC reports are one of the most important
projects related in climate change and water resources.

Data and methods

The study area in this research is Iranian Caspian Sea Basin (fig.1). In this study,
changes in discharge nine major rivers leading to the Caspian Sea is evaluated, including
Sefid-Roud River, Polroud, Chalus, Haraz, Talar, Babolroud, Tejan, Neka, Gorganroud rivers
(Table 1).
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Fig. 1. Iranian watershed of the Caspian Sea and position of hydrometric stations

Table 1: Features of nine rivers of the Iranian Caspian Basin

Code Longitude Latitude Station River name  Height
12-039 54.16667 37.01667 Basir Abad Gorganroud -21
13-013 53.31667 36.63333 Abloo Neka 70
13-029 53.11667 36.71667 Kord Khail Tajan

14-007 52.8 36.56667 Kiakola Talar 10
14-017 52.65 36.53333 Babol Babolroud 0
15-017 52.36667 36.26667 Karehsang Haraz 220
16-021 51.33333 36.5 Pole Zoghal Chaloos 300
16-055 50.28333 36.98333 Derazlat Polroud 1200
17-043 49.41667 36.8 Roodbar Sefidroud 200

Data used in this study consisted of nine rivers discharge, rainfall meteorological
stations in the Iranian basin, water level fluctuations of the Caspian Sea and Volga River
discharge and use of drought index estimated. Assessment method that was done; first, to
determine the monthly discharge regime of rivers, the average monthly were calculated and
then were compared, As a result, two types of river regime were identified in the study area
from West to East, the next step; Characteristics river flows were calculated for each data
period include mean annual discharge, the coefficient of variability overall trends of changes,
and then, using a 5-year moving average, number of periods and trends of river discharge
increase and decrease were identified (Table 2). Then; to evaluate the 26-year period, the total
discharge of the rivers were calculated, to estimate the volume of rainfall in the basin in
comparison with changes in discharge trend, the annual rainfall map in the basin produced
and finally were extracted average rainfall for each year of the basin. After this stage,
precipitation changes were compared with discharge trend. Because a significant match
between this two was not obtained. Thus, changes of river discharge trend with other relevant
data were evaluated and the results of concurrency or their non-concurrency were
investigated.
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Table 2: Iranian rivers discharge characteristics

Discharge Trend of Number of

River name SD CV% length short period  Observation Dams
mean :
period trend
Sefidrood 125.89 5531  43.93  Decreasing 5 1950-2008  Manjil
Chaloos 13.28 290  21.84 Increasing 6 1950-2008  Zvat
Haraz 30.22 9.37 31.02 Decreasing 7 1950-2008 Lar
Babolroud 16.44 486  29.56 Increasing 5 1950-2008  Lafvr
Talar 9.16 3.38  36.83 Decreasing 9 1951-2008 -
Polroud 14.90 463  31.10 Decreasing 6 1957-2008 -
. . Shhyd-
Tajan 12.70 6.10  48.03 Decreasing 5 1970-2008 Rajace
Voshmgir
Gorganroud 13.31 6.37  51.77 Decreasing 6 19752008  —Golestan
251
Neka 5.41 2.00 37.00 Decreasing 5 1983-2008 ---
Trends observed with 5-year moving average
Sefidrood (1953-55)MN(1955-60) «\/(1960-65) «/N(1965-68) N (1968-72) « N (1972-77) « v
(1977-86) N (1986-91) « V(1991-94) « N(1994-01) « V(2001-05) « N
(1955-63)\ (1963-71) /N (1971-84) «\/(1984-94) « N (1994-01) « v (2001-05) «
Chaloos 2~
Haraz (1952-58)MN(1958-62) « (1962-71)¢ A (1971-82)¢ V(1982-94)¢MN(1994-99)¢ v
(1999-05)«
Babolroud (1953-59)M (1959-79)¢\/(1979-94)¢N(1994-99)« \V (1999-05)¢ N
Talar (1953-59)MN(1959-63)¢ \(1963-68)« N (1968-71)« V(1971-74)c N(1974-91)« b
(1991-94)¢A (1994-01)¢ N (2001-05) ¢
Polroud (1960-66)MN(1966-78)«\(1978-83)¢« N(1983-94)¢ N (1994-00)¢ \ (2000-05)¢N
Tajan (1974-77) (1977-82)¢ N(1982-94)c\(1994-01) « A (2001-05)¢
Gorganroud (1977-80)N(1980-84)¢ \/ (1984-86)« N(1986-94)¢/N(1994-01) « V (2001-05)¢ N
Neka (1985-87)MN(1987-92)¢ \N/(1992-98)¢ N (1998-02)¢ (2002-05)¢ N
Results

Hydrological regime of rivers of the Iranian Caspian Sea shows that their monthly
discharge pattern varies from west to east, as rivers Sefid-Roud, Plroud, Chalus and Haraz
have same similar monthly regime, and from February to may have rising trend. While in
other months reaches its minimum. But the eastern rivers, including Babolroud, Talar, Tajan,
Neka, Gorganroud, monthly discharge regime are almost similar, so the trend increased
starting from October and in April reaches its peak while in other months reaches its
minimum (fig. 2).

Among the nine rivers maximum river discharge belong to Sefid-Roud River, and its
average annual discharge is equal to 125.99 (m3/s); minimum discharge is related to Neka
River. The second river water filled with the Haraz River 30.22 (m3/s) is. These rivers
discharge variability during their statistics show that Chalus river has lowest variability,
while Gorganrood, Tejan and Sefid-Roud, respectively 51.77, 48.03 and 43.93 percent have
the most variability. The general trend changes in river discharge for more Iranian Caspian
basin show a reduction mode. At the same time, such as Chalus and Babolroud river trend
shows an increase. Change river discharge trend (with a 5-year moving average) suggests
that each of them have been several changes in the trend that their number and period
have been identified in the table 1.
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Fig.2. Monthly discharge regime of Sefidroud and Talar rivers

However, Babolroud and Tajan in with five changes in the trend show the lowest
number. While Sefid-Roud and Talar Rivers each with 11 and 9 the trend of change have
suffered most. Reasons of this variety can be including changes in river discharge; rainfall,
climate and other features of the catchments. The main trends of change in river discharge
shows that between 1994 and 2001 in the all rivers can be seen as a period of decline and
thereafter until 2005 as a period of increase (fig.3).

One other trend changed between 1977 and 1994 can be seen that except by Haraz,
Hall, Neka, other rivers to follow a common trend. Common average discharge period of 26
years (2008-1983) also show decreasing trend but with a 5-year moving average four changes
in the discharge trend can be seen, This periods includes the years of 1983 to 1994 and 2005
to 2001 increase from 1994 to 2001 and after 2005, shows decrease (fig. 4). Calculated
precipitation in the basin for common period 26 years shows that the trend of change in this
catchments and adjacent area are rising and with the river discharge does not concurrency

(fig.5).

107



4 )
45 200
4 A
N [\
2
VAN [\ [/ v 8
2 N T \ 3
O N
Y = AN =
o A NN
v —— N
5
O T T T T IQ/ 50
1950 1960 1970 1980 1990 2000 2010
Year
\| —— polroud5 —— chaloos5 haraz5 —— babloroud5 —— talar5 —— tejan5 —— neka5 gorganroud5 —— sefidroud5
Fig. 3. Change of annually discharge in Iranian watershed of the Caspian Sea (1951-2008)
4 )
14
12 A [9\“4
o REAVA
5 h = ——c= \/’\ .
-e
6 \\_,/ - — \ VA
s ../ VX
72901 \
2
O T T T T T
1980 1985 1990 1995 2000 2005 2010
L | sum(km3)iran - - - 5 mowving average Linear (sum(kma3)iran) | y
Fig. 4. Trend of annual discharge totality in Iranian Watershed River
and their 5-years moving average filter (1983-2008)
4 )
90 14
JA JA\
80 1
o [ ANA — 2
T 60 S ——— ’/ﬁ\/,% T10 >
= 50 7 )(v/ M \ /\ A \_/ ey 48 E
T 40 \— ] T/  \ A =
i~ —— v T 6 =
< 30 \ [ o 5
S \AN_/ \ T4 5
N\ L
10 T2 ©°
O T T T T T O
1980 1985 1990 1995 2000 2005 2010
—— RAIN_KM3(Basin) —— River sum(km3)iran
L — Linear (RAIN_KM3(Basin)) =— Linear (River sum(km3)iran) -

Fig. 5. The comparing trend of annual river discharge totality with precipitation
on the Iranian Watershed of the Caspian Sea (1983-2008)

108




Trend of change of the Volga river discharge is incocurrency with Iranian rivers, but
their comparison shows that since 1995, when the variability Volga River has been reduced,
Iranian lies in low level (fig.6). Rivers discharge with annual difference of water level of the
Caspian Sea has high correlation (0.90) (fig.7). The changes trend for the Caspian Sea water
level at the same period shows that before the 1995 Iranian river discharge was high and after
these years that reduce the level of the Caspian Sea and reached to stability, rivers discharge
decreased (fig. 8). Palmer drought index in the basin is very consistent with changes in rivers
discharge trend, while the rainfall is less consistent (fig. 9). Figure 10 indicates that before
2003, river discharge with the SST of the Caspian Sea has opposite direction, SST is usually a
good indicator to assess the potential of rainfall.
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Conclusion

Assessment of total river discharge at a common period 26-year period shows that from
1983 to 1994 trend with a series of river discharge oscillations from one to three years have
been an increasing trend and from 1994 to 2001, also followed a decreasing trend and
continued until 2005 also increased and till 2008 as the year retreat began. In other words, the
four trend of change can be show in Iranian rivers discharge (fig. 2). This pattern changes in
rivers discharge trend with a number of hydrological and climatic phenomena in the periods
simultaneous or prior and or delay one to two years in the study area is observable. The most
important of them changes in water level of the Caspian Sea can be mentioned, in the same
period, Caspian Sea water level was rising from 1983 to 1995. In other words, this period is
section of sharp increase in period between 1977 until 1995, and from 1995 until 2002 the
decreasing water level observed, with a weak trend in 2005 increased, and finally is
decreasing in this time. During this fluctuations Caspian water level and rivers discharge are
concurrent with one-year lag.The most important river discharge associated with annual
difference of water level is interactively at a glance to be felt one of them is function of
another, since rivers discharge is another major factor in determining the Caspian water level.
Therefore, such a result seems correct. But Iran's rivers discharge average is equivalent to
2.93 percent Volga discharge.

On the other hand, because the Iranian Caspian Sea basin water source comes more than
places like the Mediterranean, Atlantic, Black Sea, the Caspian Sea as well as a weak system
may strengthen climate. Therefore, the change agents discharge of rivers and the Caspian Sea
for 26-year period outside the region. Synchronization trend relate to the change of Iranian
rivers discharge, considered one of the other threads, precipitation is in the Iranian Caspian
Sea basin, in fact, precipitation is the main factor for determining river discharge. In this basin
due to lack of ice for long lag time for a few years out of the basin does not happen
precipitation and runoff to a basin precipitation is entirely dependent on rainfall.

However, the trend of changes rainfall from 1983 to 2007 with few oscillations follows
increasing behavior, while the trend of rivers discharge shows decreasing. It is possible, rivers
discharge in Iranian basin are in control mode. However, in previous discussions in relation to
sea level good correlation is seen. Thus, although some dams on the Iranian rivers has been
built, but in the annual scale have a weak role in discharge of rivers. Therefore, although
precipitation element as the main factor is the volume of water, but other elements are at play
an important role in determining discharge. For this purpose, we have used Palmer drought
index for the Europe Union limits that the Iranian Caspian Sea basin also has been part of it.
Results indicate that during the worst drought for 100 years between 1993 and 2001 occurred.
Also, between 1983 until 1993, the drought index with some oscillations, has increased trend.
This process changes the drought with Iranian river discharge is fully compatible. So result is
clear that Iranian river discharge in addition to annual scale rainfall also affected other
elements of climate in annual scale in addition to rainfall also, that have induced in Palmer
index.
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AHHOTANUA

HccnenoBanbl 3aKOHOMEPHOCTH HM3MEHECHHS CTOKA BOJBI 32 IIEPUOJ WHCTPYMEHTAIBHBIX
HaOIIIO/IEHNH B BepIIMHAX (MM MOOIM30CTH OT HHUX) YCTHEBBIX obnacTei pek Poccuu, Bmagarommx B
Kacnmiickoe mope: Bomrm, Tepeka m Cymaka. I[lpu 3TOM HCMONB30BaHBI JaHHBIE CTaHAAPTHON
TrUApoJIorHUecKkoii cetu Pocruapomera mo (PakTHYECKOMY CTOKY M YCJIOBHO €CTECTBEHHOMY CTOKY,
BOCCTAaHOBJICHHOMY C Yy4Y€TOM AaHTPOIOT€HHBIX IOTeph. BBIABIEHBI KIMMATHYECKHE W3MEHEHUS
THIPOJIOTHYECKOTO PEeXMMa B YCThSIX STHUX PEK 32 BeCh Mepuoj| HaOmojeHwid. OLEHEHO BIMSHUE
AHTPOIIOI'CHHBIX @aKTOpOB Ha M3MCHCHUSA CTOKA BOJBI. BI)IILCJ]CHI)I XapaKTCpHbIC NTEPHUOAbI C YUECTOM
C€CTCCTBCHHBIX U aHTPOIIOI'CHHBIX N3MEHEHUH (I)aKTPI‘ICCKOI“O CTOKa BOJbI. HOJ’Iy‘IeHbI CTaTUCTHYCCKHUEC
XapaKTePUCTUKH TOJOBOTO CTOKA BOJBI JUIS PA3IMYHBIX HCTOPHYECKHX TMepuoaoB. McciemoBaHbl
TaK)Ke 3aKOHOMEPHOCTH W3MEHEHHMS CTOKAa HAHOCOB B 3aMBIKAIOIIHUX CTBOPaX 3THX YCThEB PEK C
YUYE€TOM POJIM €CTCCTBECHHBIX U aHTPOIIOICHHBIX (i)aKTOpOB.

MarepuaJbl HCCIAEA0BAHUM

JIns aHanu3a M3MEHEHUH CTOKA BObI, OCTYNAIOLIEro B AeNbTY Boiiru, UCnob30BaHbl
nanHble ¢ 1881 mo 2009 rr. CymMMapHbIii CTOK BOABI, IOCTYNAOIUNA B BEPLIMHY JEJIbTHI
Bonru (ctBop c. Bepxnee JleOskbe, 156 KM OT YyCThs), CKJIaJIbIBaeTcs U3 Tpex
COCTaBJISIOLINX: COOCTBEHHO pycioBoro croka Boaru, croka pykaBa AxtyOobl m Bonro-
AxTy6uHCKO# noimel. 3a nepuos ¢ 1881 mo 1940 rr. cpeanrie MecsyHbIe U TOAOBBIE PACXOIbI
BOJIbI B BEPILIMHE JeNbThl BONru nonydeHsl 1o cBA35M CO CPETHUMU MECAYHBIMU PacxoJaMu
Boabl y T. [lyOoBku (bBaiinuu, 1962). 3a mocnenyromuii mepuo HUCIOIb30BATUCH JaHHBIE
HEIMOCPEACTBEHHBIX H3MEPEHHMM CTOKa BOJBl B BEpIIMHE JAeIbTHl Boaru. YcioBHO
€CTECTBEHHBIH I'0JI0BOI CTOK B BEpIIMHE JIEIbTHI ObLT MOJYYeH KaK Pa3HOCTh (DaKTUUECKOTO
CTOKa M BEJIMYUHBI AHTPOIIOT€HHOT'O YMEHBILIEHUS CTOKA, OLleHeHHOro 10 1981 r. mo naHHBIM
I'ocynapcrsennoro ['maponorudeckoro Mucturyra (Iukinomanos, 1979, 1989) u, HaunHas ¢
1981 r., nmo nanubIM exeronueix u3gaHuii ['BK (I'ocynmapcTBeHHBIN BOJHBIA KagacTp).
[Tpunsto, uro ¢ 1881 mo 1939 rr. naHHble MO (PaKTUYECKOMY M YCIOBHO €CTECTBEHHOMY
rOJJOBOMY CTOKY COBHAJarOT. PerynspHble HaONIOJ€HHS 3a CTOKOM HAHOCOB B BEpILIMHE
nenbThl Bonru Bemgyres ¢ 1950 r.

Jlyig aHanM3a U3BMEHEHUH CTOKa BOJIbI, MOCTYMAIOLIETO B JeNbTy Tepeka, NCIoIb30BaHbl
JaHHBIE 10 CTOKY BOJbI B cTBope c. Kapramuuckas (111 kM ot yctbs) ¢ 1924 no 2009 rr.
JlanHbIe HAOMIOJEHUHN 332 CTOKOM BOJBI B 3TOM CTBOpe uMeroTcs ¢ 1924 mo 1983 rr. JlanHbie
HaOMOIeHUH 3a CTOKOM HaHOCOB umeroTcs 3a 1934-1983 rr. C 1984 r. naGmrogeHus 3a
CTOKOM BOJIbl U HAHOCOB B 3TOM CTBOpE MPEKpPaTWINCh U (PaKTUUECKHH TOJI0BOM CTOK 3a
MoCJeTyIOIUi mepro OblT pacCUYUTaH MO COOTBETCTBYIOIIUM CBSI3IM CO CTOKOM BOJIBI U
HaHocoB B cTBope Kapramuuckuit ruapoysen - pyk. Hosbrii Tepek (108 kM oT ycThs).
VY CIIOBHO €CTECTBEHHBIN I'OJJOBOM CTOK B BEPIUIMHE AENbTHI ObUI MPUOIMKEHHO MOIYYEH /10
1981 r. ¢ y4eTOM aHTPOIIOTE€HHBIX MOTEPh CTOKA, PACCUUTAHHBIX 110 UX CBSI3U C IUIOLIA/BIO
OpOILIaeMBbIX 3€MeJb C UCI0JIb30BaHUEM JaHHBIX U3 padoTsl (Luknomanos, 1989). Haunnas c
1981 r., 6bUIM UCTIOIB30BAHBI JaHHBIE eXeroAHbIX n3ganuii ' BK 06 anTponoreHHsix norepsx
CTOKa.

Jliig aHanu3a U3MEHEHUI CTOKa BOABI, OCTYMAOIIEro B AenbTy Cyiaka, HCIOJIb30BaHbl
JTaHHBIC 1O (DAKTUIECKOMY CTOKY BOIBI B cTBOpE I.T.T. Cynak (4 kM oT ycThbs) ¢ 1925 mo 2009
rr. Peryssipueie HaOIr01€HUH 32 CTOKOM BOJIBI 1 HAHOCOB B 3TOM CTBOpe BexyTes ¢ 1972 1. o
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HacTosuee BpeMs. PakTHYECKUH rofoBoil CTOK BOJbI B 3TOM cTBOpe Qg 3a mepuon 1925-
1971 rr. ObUT paccUYMTaH MO CBSI3U CO CTOKOM BOJBI Ha T/c moc. Muatisl (106 KM OT ycThbsl)
Q¢w € y4ETOM IIIOIIATU OPOIIAEMBIX 3eMenb, npeanoxeHHoi JI.LE. CmupHoBoil (CMmupHOBa,
1975). YcrnoBHO eCcTeCTBEHHBINM TOJOBOM CTOK B yCThe p. Cysak ObLI MPUOIMIKEHHO TOTyYeH
70 1981 r. ¢ yueToM aHTPONIOrE€HHBIX MOTEPH CTOKA, PACCYUTAHHBIX 110 UX CBA3H C IJIOLIAAbIO
OpOLIAEMBbIX 3€MENb C UCIOIb30BAHUEM JIAHHBIX U3 3TOTO k€ uctouHuka. Haunnas ¢ 1981 r.,
OBLIM HUCHOJb30BaHbl JaHHBbIE eXeroAHblx u3gaHuii I'BK o cyMMapHBIX aHTpONOrE€HHBIX
MOTEPSIX CTOKA.

MHorosieTHHe KJIMMATHYeCKHEe W AHTPONOreHHbIe H3MEHEHHs CTOKAa BOAbI U
HAHOCOB

HopMbl BOCCTaHOBIIEHHOTO €CTE€CTBEHHOro ctoka pek Bousru, Tepeka, Cynaka B
BEPIIMHAX MX YCTHEBBIX Y4aCTKOB COCTABISIOT, COOTBeTCTBEHHO, 7910 M%/c, 392 M/c, 178
mY/c. C HOMOLIBIO Pa3HOCTHO-UHTEIrPAJIbHBIX KPUBBIX BOCCTAHOBJIEHHOI'O TOJOBOr0 CTOKA
BBISIBJICHBI KJIMMATHYE€CKUE U3MEHEHHUS THAPOJIOTHUYECKOTO PEXHMa B YCThAX PEK FOKHBIX
Mmopeit Poccun 3a Bech mepuon HaOmonenuit (puc. 1). UeM pe3ue pasHOCTHO-HHTETpalbHAs
KpHUBasi TOJHUMAETCS BBEPX, TEM OOJbIIE CTOK TMpEBBIIIaeT HOpMYy. UeM pe3ue KpuBas
OIyCKAaeTCsl BHU3, TEM MEHbIIE CTOK OTHOCUTEIBbHO HOpMbI. B mocnennue 25-30 et no 2005
. BKJIIOUUTENIbHO B ycThsx Bonru, Tepeka u ¢ 2000 r. B ycrbe Cyniaka BOCCTaHOBIJICHHBII
YCIIOBHO €CTECTBEHHBIM CTOK TpeBbIIal HOpMy. HaOmioqeHHBIH CTOK B YCThAX
NIEPEYUCIIEHHBIX peK, HaunHas ¢ 1950 r., npakTtuuecku Beernaa (3a uckitoueHueMm p. Bomnrn)
HUKE HOPMBI €CTECTBEHHOro cToka. B mocnemnue 4 roma (maumnas ¢ 2005 r.) B cpeqHem
BOCCTAHOBJICHHBIH YCIIOBHO €CTECTBEHHBIM CTOK p. Bourm mnpubmmswics K HoOpMe, a
HAOJIO/ICHHBIN CTOK CTaJl HHKE HOPMBIL.
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[To crenenn aHTPOMOTEHHOTO YMEHBIIIEHUSI CTOKA B COBPEMEHHBIX YCIIOBUSX HA TIEPBOM
MecTe ctouT p. Tepek — 52% ot ecrectBenHoi HOpMBI B 1981-1990 rr. 1 38,5% B 1991- 2009
rr. Ha 1/c cr-na Kapramunckas. B nenbre Tepeka momonHuTeNnbHO TepsieTcs eme 2-4% ot
€CTeCTBEHHOM HOpMbI CTOKa BOJbl. B ycrhe Cyrnaka aHTPONOTEHHOE CHUKEHUE CTOKa
crabmibHO 3a nocnennue 50 jger u cocrabnsieT 22% OT ecTeCTBEHHOW HOPMBI. B HanMeHbIeit
CTEIIEHH MCKYCCTBEHHO HM3MEHEH CTOK p. Boaru B cBsizu ¢ ero OONbIIONH €CTEeCTBEHHO-
KJIIUMAaTH4eCKOM BenuuuHO#. B Bepuinne nenbThl Bonru on yMmenbilieH B cpeaneMm Ha 6% ot
ecrectBeHHON HOpMbI B 1981-2000 rr. u Ha 4% B 1991-2005 rr. AHTPOIIOTE€HHBIE MOTEPU
CTOKAa Ha y4acTKe OT BEpILIMHBI AeiabThl Boiaru g0 mops cHusuiauck ¢ 1,4% B Hauvane 80-x
rogoB 10 0,2% B Hadaye HOBOT'O CTOJICTHSI.

Hapsiny ¢ uccienoBanneM MHOTOJIETHUX U3MEHEHUH TOJJOBOTO CTOKA BOJABI B BEPIIMHAX
YCThEBBIX 00JIaCTEHl pEK BBIMOIHEHBI OIEHKHM CTAaTUCTHYECKHX MapaMeTpoB (CpeaHHX
3HaYeHuH, kod¢duinuentos Bapuaumu C, u acummerpun Cs, otHomenuss Cg/C,,
00eCreYeHHOCTe BEJIMYMH ECTECTBEHHOTO TOJ0BOTO CTOKAa) KaK BCEro HMMEIOIIETocs
MHOT'OJIETHETO psAJia 10 CTOKY, TaK U JJIsl OTACIBHBIX €ro nepuoaoB (tadmu. 1). Dmnupudeckue
KpUBbIE 00€CIIEYEHHOCTH BEIMYMH T'OJJOBOTO CTOKAa BOJABI B BEPUIMHAX YCTHEBBIX yYaCTKOB
peK Il BCEX  BBIJCIICHHBIX  IEPUOJOB  XOPOIIO  OIMHUCHIBAIOTCS  OMHOMHAIBHOU
ACUMMETPUYHON KPUBOU C COOTBETCTBYIOIIMMHU CTATUCTUYECKUMU MapaMeTPaMH.

Tabauna 1
CraTrcTH4ecKue apaMmeTpbl MHOTOJIETHHX PSIJIOB TOJOBOTO CTOKA
CrarucTtuyeckne napamMeTrpsl ObecneyeHHOCTD, %0
- Cpennnii 1 25 50 75 99
epuoj TOJI0BOM
g C, Cs  Cie

o0BeM ;

CTOKA, KM I'omoBoii 00bEM CTOKA, KM

Boccmanosnennwiii cmox p.Bonea - c. Bepxuee nebsicve (6epuiuna oenvmol)

1881-2005 254 0,18 0,03 0,2 361 284 254 223 149
1941-2005 262 0,15 0,12 0,8 358 288 261 235 175
1941-1977 247 0,14 0,26 1,9 340 271 245 221 168
1978-2005 281 0,13 -0,12 -1 362 306 282 257 194
1961-2005 264 0,16 -0,04 -0,3 360 292 264 236 165

Daxmuueckuii cmok p. Bonea - c. Bepxnee nebsiicve (6epuuna oenvmol)

1961-2005 250 0,17 -0,05 -0,3 ‘ 350 278 250 221 153

Bocecmanoenennviii cmox p. Cynak - n.e.m. Cynax (eepuiuna oenbmoi)

1925-2005 5,52 0,17 0,74 4 8,7 6,2 54 4.8 3,5
1925-1974 5,49 0,13 0,81 6 7,1 59 54 51 4.4
1975-2005 5,58 0,23 0,55 2 8,5 6,3 55 4.8 3,3
@axmuueckuii cmox p.Cynax - ¢. Cynax (6epuuna oenvmoi)
1975-2005 4,36 03 06 2| 79 51 42 3.4 1,9
Bocemanoenennwiii cmox p. Tepex - cm-ya Kapeanunckas (6epuuna oenvmul)
1924-2005 12,3 0,15 0,34 2 17 13,5 12,2 11 8,5
1924-1970 11,2 0,12 0,40 3| 148 12,1 11,1 10,6 8,5
1971-2005 13,6 0,11 0,13 1| 17,3 14,6 13,6 12,6 10,2
Daxmuyeckuil cmok p. Tepex - cm-ya Kapeanunckas (eepuuna oenvmol)
1971-2005 8,0 0,22 0,57 3 ‘ 12,9 9,1 7,9 6,8 4.7

st p. Bonru Gontee meranbHo ObUT M3yueH nepuoa 1941-2005 rr., KOTOpHIN coBMamaeT
C HAa4aJIOM CHCTEMAaTHYECKUX M3MEPEHUN pacxoJ0B BOABI B cTBOpe C. Bepxuee JleOskbe U C
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HAYaJIOM y4yeTa aHTPOIOTE€HHBIX U3MEHEHUH CTOKA. BHyTpu 3TOr0 nepuoja BbAEIEH NEPUOL
CTOKa, OJIM3KOTO0 K cpeaHemMy MHorosieTHemy (1941-1977 rr.) u mHOrOBOAHBIN mepuox (1978-
2005 rr.). Jns cpaBHEHHMS CTAaTUCTHYECKUX IapaMeTpOB pAIOB (HAKTUYECKOTO U
HaOJIFOJICHHOTO CTOKa B TIEPHO/] 3aperyJIMpPOBAaHHOTO CTOKa BhIeaeH nepuoa 1961- 2005 rr.
N3menunBocth Cy 3a Bce MepuOJIbl OTHOCUTENHHO HeBenuka (Tabn. 1), a m3meHunBocTh Cg
cymectBeHHa. Kak mnpaBmiio, B Mepuojbl C TMOHUKEHHONH BOJHOCTHIO YBEITUYHMBAIOTCS
NOJIOXKHUTENbHbIE 3HaueHUs Cs B TEpHOABl C MOBBIMIEHHOW BOAHOCTBIO Cs NpHHUMAaeET
OoTpulaTeNIbHOe 3HayeHHe. [0l0BOM CTOK BOJbl OJMHAKOBOM OOECHEUYEHHOCTH st
pa3IMYHBIX MEPUOJIOB MOXKET 3HAUMUTENbHO pazinuyarbes. [loaToMy ans ruaposoruueckux
pacueToB M TMPOTHO30B TOJOBOTO CTOKA J>KEIAaTeIbHO BbIOMpaTh MEPUOAbl AHAJIOTU W3
HaOmoeHHOro psaa. Ilpy HEBO3MOXXHOCTM 3TOro MPEANOYTUTENBHO HCIOIb30BaTh
BEJIMUYMHY HOPMBI €CTECTBEHHOI'O CTOKa M ONU3KHE K CPEAHHUM JJII COBPEMEHHBIX YCIIOBHIA
3nauenus Cy u Cs 3a mepuog 1941-2005 rr. @akTUUECKHI CTOK CIIEAYET OIIEHUBATH C YI€TOM
IUTAHUPYEMOT'O aHTPOTIOT€HHOT'O BO3JICHCTBUS HA HETO.

s p. Cynak BblieneHbI IEPUOJ A0 3aperynupoBanus ctoka (1925-1974 rr.) u nepuon
nocie 3aperynupoBanust croka (1975-2005 rr). J{ns psigoB yCIOBHO €CTECTBEHHOTO T'OI0BOTO
CTOKa B IIEPUO/] 3apEryIIMPOBaHHOTO CTOKa 3HayeHue Cy cymecTBeHHO Ooiiblle, a 3HaAYCHHE
Cs MeHblIIe, 4eM B MEePHUO/JI 0 €ro 3aperyaupoBanus (Tabn. 1). B nepuon 3aperyampoBaHHOTO
croka pazimuusi Cy m Cs it psamoB (DaKTHUECKOTO W YCIOBHO €CTECTBEHHOTO CTOKA
OTHOCUTENIbHO HeBenuku. CpenHsis BelnMuuMHA (PAKTUYECKOro CTOKa cocTaBisieT 78% OT
BEJIMYMHBI BOCCTAHOBJIEHHOTO CTOKa. J[Isl TMIpONOrMuecKkux pacyeToB M IMPOTHO30B Kak
YCIIOBHO €CTECTBEHHOTO, TaK M (haKTU4YeCKOro ctoka Boabl p. Cylak mpeanouTUTENIbHO
UCIIOJIb30BaTh CTATUCTUYECKHE IapaMeTpbl I'OJIOBOTO CTOKA BOJbI, OLCHEHHBIE 3a IMEPHO]
1975-2005 rr.

Hnst p. Tepek BbimenaeHBI MEPUOABI C OTHOCUTENIBHO MOHMKEHHBIM (1924-1970 11.) 1
noBbIeHHbIM (1971-2005 rr.) ycinoBHO ecTeCTBEHHbIM CTOKOM (pHc. 1). C apyroit cTOpOHBI,
B MEPBBIN U3 3TUX MEPHOJOB AHTPOIOI€HHbIE MOTEPU CTOKA OBLIM MEHbIIE, a (PaKTUUECKHM
CTOK B cpegHeM — Ooublie. s psOB YCIOBHO €CTECTBEHHOIO TOJJOBOIO CTOKa B 3TH
niepuop! 3HaueHus C, MpakTUYECKH OJMHAKOBHI, a 3HaueHHe Cs BO BTOpPOI meproj B 4 pasza
MEeHbIIIe, YeM B nepBbli. 3HaueHue Cy /uis psia ¢pakTuueckoro croka B nepuoa 1971-2005 rr.
B 2 pa3a, a Cs - B 4,4 pa3a OoJbIie, 4eM JIs psijia BOCCTAHOBJICHHOTO YCIIOBHO €CTECTBEHHOTO
CTOKa B 3TOT nepuoj. CpenHssi BeIUUnMHA (PAaKTHUYECKOTO0 CTOKA COCTaBISET B TOT MEPUOJ
59% oT BEeIMYMHBI BOCCTAHOBJIEHHOTO CTOKA. /ISl THAPOIOTMYECKUX pacuyeToB U MPOTHO30B
YCIOBHO €CTECTBEHHOIO CTOKAa BOABI pP. Tepek NpearouTUTENBHO HCIOIb30BaTh
CTaTHUCTUYECKHE IapaMeTpbl roJI0BOr0 CTOKa BOJIbI, OLleHEHHbIe 3a nepuoa 1971-2005 rr.
[TporHocTuyeckue OLEHKH (HaKTHUECKOTO CTOKA, MO BO3MOXKHOCTH, KaK M I JAPYTUX PEK,
BIAJAIOIIMX B IOKHbIe Mopsi Poccum, cienyer BBINOJIHATH € YYETOM IIAHUPYEMBIX
(IPOTHO3UPYEMBIX ) AHTPOIIOTEHHBIX MOTEPh CTOKA.

BinsiHue akTMBHOW XO3SMCTBEHHOM JEATEIBHOCTH HA TOJIOBOM CTOK PEK B BEPIIMHAX
ycTheBbIX oOmacreit Bonru, Tepeka u Cynaka mokazano B Tabmuiie 1, rae mpuBeIeHbl KPUBBIE
00€eCre4eHHOCTH BOCCTAaHOBIIEHHOTO M (DAKTHMUECKOrO CTOKAa 3a OJAHM U T€ K€ IEepUOJBbI.
PazHocTh Mexny oOecre4eHHBIMH BOCCTAHOBJICHHBIMM M (aKTHUECKUMHM OOBEMaMM CTOKa
JaeT oOecrieueHHble BEJIMYMHBI OOBEMOB CTOKa, MCIONb30BAaHHBIX Ha XO3SHCTBEHHYIO
NeSITeIbHOCTh B OacceiiHe 3TuX pek. OLeHEeHbI OCIECTBUS OCYIIECTBICHUS TAKUX KPYITHBIX
BOJIOXO3SIICTBEHHBIX MEpONPUATUN KaK COOPY)KEHHE BOJOXPAHWJIUIL, OKa3aBIIUX CHUJIbHOE
peryiaupyroiiee BIUSHUE Ha PEKUM YCTheB peKk Bonru (kackaa BOJOXpaHWIIUI BbILIE T.
Bonarorpanma — 1960 r.), Cynaka (Yupkeiickoe Bogoxpanmmie — 1974 r.). Ha p. Tepek Het
KPYIHBIX BOJOXPAHUIUIN. TUMHYHBIM MOCIEICTBUEM 3apEeTyIUPOBAHUS CTOKA PEK SBISETCS
€ro BHYTPUTOJIOBOE MEpepacipeieieHle B UX YCThSIX — YMEHBILICHHE JI0JIU CTOKA B MEPHO]
[OJIOBO/IbS. M YBENIMYEHHE B mepuoj 3uMHed MmexeHu (tabm. 2,3). Crok p. Cymax
3aperyJaupoBaH B OOJIBIIEH CTENIEHU IO CPABHEHHIO CO CTOKOM . Bomru.
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Taoaumna 2
BryTtpuromoBoe pacupezaencaue pacxoaos Bosl (Q) u B3BereHHbIX HaHOCOB (R)
B BepmnHe JCJIIbTHI BOJIFI/I

Mecsnbl Tox
I 1 11 v AV VI VIl VI I1X X X1 Xl

1950-1955 rr.

Q, M/c 3107 3917 4053 5997 19977 20285 8622 5433 4610 5662 6220 2690 7548

% 34 4,3 4,5 6,6 22,1 22,4 9,5 6,0 51 6,3 6,9 3,0 100
R, xr/c 258 308 56,7 830 2333 845 273 109 81,2 136 144 23,7 408
% 05 0,6 12 17,0 47,7 17,3 5,6 2,2 17 2,8 29 0,5 100

1961-2009 rr.

,MS/C 5780 6210 6840 8040 18800 13200 6800 6040 5680 5610 5740 6120 7910

% 6,1 6,5 7.2 8,5 19,8 139 7.2 6,4 6,0 5,9 6,1 6,5 100

R, kxr/c 64 64 94 271 916 429 172 126 105 101 103 97 212

% 2,5 2,5 37 10,7 36,0 16,9 6,8 49 41 4,0 41 38 100
Taoauma 3

BuyTtpuromoBoe pacmpezenaenue pacxomaos Bojbl (Q) u B3BemieHHbIX HaHOCOB (R)
P. Cynak — nrt Cynak

Mecsinbl T'on
| I 11 vV V VI VII VI IX X Xl X1l

1972-1974 rr.

Q, M¥c 46 591 61,6 108 251 387 350 119 117 77,7 54,8 495 140
% 2,7 35 37 6,4 14,9 22,9 20,8 71 7,0 46 35 2,9 100
R,kr/c 65 134 338 173 613 1733 1770 187 179 30,7 15 6,4 397
% 0,1 0,3 0,7 36 12,9 36,4 37,2 4,0 338 06 0,3 0,1 100

1975-2009 rr.

Q, m3/c 133 137 118 110 154 213 196 135 109 108 131 154 141
% 79 80 6,9 6,4 9,1 12,6 11,6 7,9 6,4 6,3 77 91 100
R, kr/c 32 30 43 41 95 152 92 49 35 26 41 30 56
% 47 45 6,5 62 143 22,9 13,8 7,4 5,2 3,9 61 45 100

N3meHeHuns cToka B3BEIICHHBIX HAHOCOB B YCThSIX PEK TECHO CBA3aHbl C MHOTOJIETHUMH
U CC30HHBIMU U3MCHCHUSAMU CTOKA BOABI, BBISBAHHBIMU KAK KIMMATUYCCKUMHU NPOHCCCaMU,
TaK M AaHTPONOTE€HHbIM Bo3aeicTBUEM. Kpome TOro, coopyXeHHblE€ IUJIOTHHBI H
BOAOXPAaHUIUIIA MMEPEXBATBIBAOT HAHOCHI HAa BBIIICIICKAINX YHaCTKaX PEK.

AKKYMYJISIIIUS. PEYHBIX HAHOCOB B BOJOXPAHWIMINAX U YACTUUYHOE BOCCTAHOBJICHHUE
CTOKa HAaHOCOB HUKE€ HUX BCIIEJCTBHE HAIPaBIEHHOIO MaccOOOMEHa B CUCTEME MOTOK-PYCIIO
M3MEHUIN €CTECTBEHHBIM PEXUM CTOKa HAaHOCOB. CTOK HAHOCOB U MYTHOCTbH BOJbI B YCThSIX
3aperyJupoBaHHBIX peK (Tabi. 2, 3) CHM3WINCH JaKe B CIIydasX IMOBBIIMICHHS B OT/IEIbHBIE
nepuoasl pakTudeckoro crtoka. llpuyem, oOmmas TEHACHIMS CHUKCHHS MYTHOCTH BOJBI
IMPOCICIKUBACTCA Ha MPOTAKCHHUU pPAaa )IGCSITI/IJ'IGTI/Iﬁ IMOCJIE COOPYKCHHA BOAOXPAaHMWIIMWIII.
MyTHOCTh BOJABI TMPU NPOYHMX PABHBIX YCIOBHSIX CTAaOUIM3UPYETCS MO Mepe 3aTyXaHHs
OPO3MOHHBIX IMPOLCCCOB B HHWXHUX 6Le(1)ax IIJIOTHUH. HJ’IOTI/IHBI, PaCIIOJIOKCHHBIC BBIIIC
YCThEBOT'O y4acTKa PEKU, CHU3UIM MYTHOCTH BOJIbI B BEpIIIMHE YCTheBOM oOmactu Cynaka — B
7 pa3, Boaru — B 2,5 pasa.

Ha ctok BoABI U HAHOCOB MPAKTUYECKU BCEX YCTHEB IOKHBIX PEK OKa3allo CUIIBHOE
BIIUSTHUE U3BSATHE PEYHOT0 CTOKA Ha oporieHue. CiaeayeT 0co00 OTMETUTh POJib MOTEPh CTOKA
Ha opouieHue B Oacceitne p. Tepek. CyliecTBeHHOE CHIDKEHUE (PAKTUUECKOTO CTOKA BOJBI U
HAHOCOB B BepiIvHE AeabThl p. Tepek B 1972-1975 rr. mo otHomeHuto Kk 1958-1970 rr. u
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COOTBETCTBYIOIIIEE €r0 BHYTPHUTOJOBOE IMepepacmpeneicHue (Tabn. 4) MpoU30LUIO TMPU
MPAKTUYECKH OJIMHAKOBOM B 3TU MEPHOJIbl BOCCTAHOBJICHHOM €CTeCTBEHHOM cToke (378 mM™/c
B 1958-1970 rr. u 386 M%/c B 1972-1975 rr.). Oporaemele mwiomanu B 6acceiine p. Tepek
BO3pOCIIM Tpu 3ToM Toutu B 1,5 pasza (CmupnoBa, 1975). MakcumanbHblii 3a00p BOABI B
cucremy Craporo Tepeka ocyiiecTBisieTcsi B Mae — ceHT0pe (tadu. 4).

MHoroneTHue KoneOaHUS CTOKA HAaHOCOB B YCThSIX PEK HE BIIOJIHE CHUHXPOHHBI C
KoleOaHUsIMU CTOKa BOJBL. VIMeeTcs BbIpaKeHHas TEHACHIHS K HEMPOMOPIHOHATBHOMY
CHI)KEHMIO CTOKa HAHOCOB TIPU CMEHE MHOTOBOJHOIO TEepuoJa MaJlOBOJHBIM C
NOCJEAYIOLIUM YacCTUYHBIM BOCCTAHOBJIEHHEM M CTa0MIM3allMed CTOKa HaHOCOB. Tak,
HaIpuMep, B BEPLIMHE JEIbTHl P. TepeKk CHIKEHUE CPEIHUX T'OJOBBIX PACXOJOB BOIBI OT
OTHOCHUTEIIEHO MHOTOBOJHOTO Tiepuoaa 1935-1946 rr. k manoBonHomy nepuony 1947-1957
rT. B 1,35 pa3a nmpuBeso K CHIYKEHUIO CTOKa HAaHOCOB B 2,8 pasa (Tabi. 5).

Tabéauua 4

BuytpuromoBoe pacrpezencaue pacxoaoB Bojbl (Q) u B3BemeHHbIX HaHOCOB (R)

P. Tepek — ct. Kapranunckas u pyk. HoBblit Tepex — Kapranunckuii r/y

Mecsinbl Ton
| 11 11 v V VI VIl VIIT  IX X Xl X1l

P. Tepek - cr. Kapraaunckas 1958-1970 rr.
Q, M/c 138 136 146 191 282 435 540 474 293 203 158 145 262
% 4,4 4,3 4,6 6,1 90 139 172 151 93 6,5 5,0 4,6 100
R, kr/c 47 47 127 342 508 1115 1305 1018 312 102 48 49 418
% 09 1,0 2,5 68 101 222 260 203 6.2 2,0 1,0 1,0 100

P. Tepek - cr. Kapraaunckas 1972-1975 rr.
. M/c 145 160 182 168 232 326 418 312 220 161 129 132 215
% 5,6 6,2 7,0 6,5 90 126 16,2 121 85 6,2 50 51 100
R, kr/c 41 130 188 297 520 943 1038 370 147 733 370 36,3 323
% 1,1 3,4 4,9 78 136 247 271 97 3,9 19 1,0 0,9 100

Pyx. HoBslii Tepek — Kapranunckmnii r/y 1972-197S rr.
Q, m/c 133 154 170 104 102 175 258 127 93 78 81 118 133
% 8,3 96 10,7 65 64 110 16,2 8,0 58 4,9 51 74 100
R,kr/c 648 162 258 280 360 710 940 226 123 835 46,3 80,8 280
% 1,9 4,9 7,7 84 108 213 282 6,8 3,7 2,5 1,4 2,4 100
Tabanna S

CpenneromoBbsie pacxoabl Bojbl (Q) u HarocoB (R); mytHOCT (p) 1 cToK Boabl (W)
u HaHocoB (WR) p. Tepek y cr. KapranuHckoit 3a XapakTepHbIe TIEpHOIbI

Ilepuon
Xapakrepucrukn | 1935- 1947- 1958- 1971- 1958- 1984 - 2002 -
1946 1957 1970 1983 1983 2001 2009
Q, M/c 320 236 262 222 242 261 320
R, Kr/c 840 298 418 319 369 313 571
p, T/M> 2700 1260 1600 1440 1520 1200 1780
Wy, KM° 10 7,45 8,26 7,00 7,63 8,23 10,1
WR, THIC. T/TOX 26,5 9,40 13,2 10,1 11,6 9,9 18,0

B cnenytouue nepuoibl, 1axke B ciaydae yMeHblIeHus cToka Boabl (1971-1983 rr.) crok

HaHOCOB yBenuuwicsi. B cpeanem 3a mnepuon 1958-1983 rr. mpu mnpakTUYECKH HeE
WU3MEHHUBILIEMCSI IO OTHOWIEHWIO K nepuoxy 1947-1957 rr. croke BoAbl CTOK HaHOCOB
yBenuuwiics B 1,24 paza. Haunnas ¢ 1984 r. cTok Boabl 1 HAHOCOB P. Tepek B CTBOpPE y CT-11bI
KapranuHckoil paccuuTan npHOIMKEHHO IO COOTBETCTBYIOIIUM CBSI3SIM CO CTOKOM BOJBI U
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HaHOCOB Mo Onmxaiimemy crBopy p. Hoslit Tepek — Kapranuuckuii ruapoysen. Otu cBsizu
MOTYT W3MEHSTHCS BO BpPEMEHHM B 3aBHUCUMOCTH OT pEXKUMa HCKYCCTBEHHOTO
nepepacnpeneneHuss croka B Kaprammackom ruzapoysne mexay HossiM TepekoMm u
uppuranmonnou cucremoi Craporo Tepeka.

B cnygasx, xorjga 3KCTpeMalbHO MHOTOBOJHBIM TOJ| CIEAYET 3a PAJOM MajOBOAHBIX
JIET, CTOK HAHOCOB PE3KO MOBBIIIEH [0 CPAaBHEHHIO CO CTOKOM HAaHOCOB B 3KCTPEMAalIbHO
MHOT'OBOJIHBIM T'0J], CIEAYIOIUN Mocie psiia MHOroBoAHbIX JjeT. Hanpumep, B 2002 r. npu
CpeaHero10BoM pacxoje Bojbl pykasa Hossiit Tepek 330 M/e CPEHEr0/I0BOM CTOK HAaHOCOB
cocraBun 2030 kr/c, a B 2005 1. ipu cpeIHEr0JOBOM pacxojie Bobl 360 M/C CTOK HAHOCOB
ObLT MOYTH B 4 paza MeHbine. [Ipu sTom B ipeamectByromuii 2002 1. nmepuoa 1999-2001 rr.
CPEeIHErooBoil pacxox Boabl coctamn 148 m%/c, a B mpemmectByommii 2005 T. mepHox
2002-2004 rr. cpemHero10BoM pacxo BOJIbI COCTaBMII 264 M/e.

Ecte u gpyrue mpumepsl, Takke MOATBEP)KIAOLIME, YTO IPU CMEHE MaJOBOJHOIO
neproja MHOTOBOJHBIM MPOMCXOAUT HEMPOIMOPLHUOHAILHOE YBETUYEHHE CTOKAa HAHOCOB C
€ro MocJIEaYyIOIIUM CHIDKEHHEM U ctabunu3auueii. B BepimHe nenbThl Bosirn crok HaHOCOB
M3MEHMIICS OT ManoBoaHoro mnepuona (1971-1977 r) k Hadady MHOTOBOIHOIO TMepUOa
(1978-1991 r) B 1,9 pa3 npu yBenuueHH# CTOKa BojbI B 1,3 pasa (Tabiu. 6). B mociexyromiuii
nepuof (1992-2009 r) npu Mano U3MEHUBIIEMCSI CTOKE BOJIbI CTOK HAHOCOB YMEHBIIWJICS B
1,6 pa3za.

OT1nokeHHEe HAaHOCOB HAa YCTHEBOM YYAaCTKE PEKH B MaJIOBOJHBIC MEPUOABI MPUBOAUT K
YMEHBUICHUIO TIPOIYCKHOH CIMOCOOHOCTH ruaporpadudeckoir ceru. BenenctBue sToro B
Cllydasix, KOIJla MHOTOBOAHBIA T0J (C BBICOKMM IIOJIOBOJIEM) CIEIyeT cpazy 3a
MaJOBOJAHBIMU TOJAMM, BEPOSATHOCTb OIACHBIX IOJBEMOB YpPOBHS BOAbl U HaBOJHEHUI
yBenuuuBaeTcs. C Takoi cuTyalnuei CBsi3aHbl, HallpUMEpP, ONAacHbIE MOJABEMBI YPOBHS BOJIBI B
nenbre p. Bonra B 1979 r. u B nenste p. Tepex B 2002 r.

Tab6amnna 6
CpenneromoBbie pacxoabl Bojsl (Q) u HarocoB (R); MmyTHOCTS (p) 1 cToK Boabl (W)
u HaHocoB (WR) p. Bonru y c. Bepxnee JleOsbkbe 3a XapakTepHble EPUO/IBI

ITepuon
Xapaxrepuctukn | 1950- 1956- 1961- 1971- 1978- 1992-
1955 1960 1970 1977 1991 2009

Q, m%c 7550 8390 7410 6320 8580 8280

R, kr/c 408 368 228 144 283 174

p, T/M° 54 44 31 23 33 21
Wy, kM® 238 265 234 199 271 261
W, TBIC. T/TO 12,9 11,6 7.2 4.6 8,9 55

OmnacHOCTP HABOJHEHMH B YCThAX pek Kacnuiickoro Mopsi BO3pacTaeT Takxke
BCJIEICTBUE NPOHMKHOBEHUS B HMX IOJIOPA, BBI3BAHHOI'O IOBBIIIEHHMEM YPOBHS MOpS U
(dbopMHpOBaHHEM Ha YCTbEBOM YYacTKe PEKH IMPHU3Mbl aKKyMyJsuuu HaHocoB. Ilagenue
YPOBHS MOpsI, HAOOOPOT, IPUBOAUT K CHU)KEHHUIO YPOBHEH BOJIBI U PaclpoOCTPaHEHHIO BBEPX
no peke spo3un pycna. B yctee p. Tepek CyleCTBEHHYIO poOJb B HalpaBICHHBIX
MOBBIIIEHUAX JHA PycClla U YPOBHS BOJbI UTPAIOT MPOLECCH YCThEBOIO YUIMHEHMs. Takum
o0pa3oM, Ha UW3MEHEHHUS CTOKa HAHOCOB, IIOMMMO U3MEHEHHUS CTOKa BOAbBl U
TUAPOTEXHUYECKUX MEPOIPUATUH, BIMACT TEKYIee HEPABHOBECHOE COCTOSHUE CHUCTEMBI
BOJIa — PYCJIO - HAHOCHI.

CHHUCOK HCIOJIb30BAHHOI JIMTEPATYPHI
Baiigun C.C. Ctok u ypoBHH aeibThl Bonru. Mockea: I'unpomereonsnat, 1962. 387 c.
I'ocynapcTBeHHBIN BOJHBIN KagacTp. Pecypchl MOBEPXHOCTHBIX U MOJ3EMHBIX BOJI, UX UCIIOJIb30BaHUE
U KadecTBo (exerognoe nzaanue 1981-2007 rr.).
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HCCJEJOBAHHUE ITPOHECCOB 3ATOILIEHUA,
PACYET U OHEHKA UIBMEHEHUU COCTABJIAIOINX BOJHOI'O BAJTAHCA
AEJIBTBI BOJIT'H B IIOJIOBO/JbE
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AHHOTAIIUSA

B 2003-2009 rr. npoBeneHbl HATypHBIE HCCIENOBAaHUS MPOLIECCOB 3aTOILICHUS B IMOJOBOJLE
pa3IMYHBIX PalOHOB JeNbTHI Boiry, a Takke BogooOMeHa 3amaiHbIX MOoJICTeHBIX wibMere (3111) ¢
OCHOBHBIM pycioM. C HCIONb30BaHHEM KOCMHYECKHMX CHEMOK JelnbThl Bonrm cremnana oleHka
MOKPBITHIX BOAOH IUTOLIAeH BO BCeX palloHAX NeNbThl BOIrn B MEKEHHBIX U ITOJOBOIHBIX YCJIOBHSIX,
MOJY4€Hbl 3aBUCHUMOCTH IUIOLIAJICH 3aTOIJICHUSI OT YPOBHEH BOIBI HAa TMAPOJIOIMYECKHUX MOCTaX AJIS
BCEX PalilOHOB JIeNbThl. Pa3zpaboTana BogHO-0anaHCOBask MO JICNBTHl BONTH 1 BBITIOTHEHBI OLICHKU
COCTABJISIONIMX BOJIHOTO OajiaHca ee OTACIbHBIX PaiioHOB M JCNbTHI B LieioM. Paiion 3I1U sBisercs
HauOoJiee CIOXKHBIM M Majlo HCCIIE0OBaHHBIM pailoHOM B AenbTe Bonru. B pamkax oOmieil BogHO-
OanmaHcoBOM MojenH JeNbThl paspaboraH ocoOblii Omok mis 3[1M, yuuThiBarommii crienuduky
THApOrpaduIecKoil ceTH ¥ BOJAOOOMEH C TJIABHBIM PYCIIOM JenbThl Bonru. BeimomHeHb! pacueTs u
OLIGHKM M3MEHEHHUI BCEX COCTaBISIOMIMX BoaHOro Oamanca 311U mpu mpoxokIeHHH MHOTOBOJHOTO
nosnoBoAbs 2005 roga u noxoBoaesa 2009 rona ¢ BOAHOCTHIO HUXKE CPEIHEN.

Beenenue

Jenpra Bosrm cucreMaTHUecKW 3alMBaeTCs BOJAaMH IOJNOBOAbS. B 3TO Bpems
YBEJIMYUBAIOTCA IUIOIIAAU 3aTOIUIEHWS B JIeNbT€ M, KaK CJEJICTBUE, 3HAYUTEIBHO
MOBBILIAKOTCS MOTEPU BOJDKCKOIO CTOKa Ha ucmnapeHue. [loaToMy miid yTOUHEHHOR OLICHKHU
IPUTOKa BOJDKCKOM Bonbl B Kacmuiickoe Mope HeoOXOIuM ydeT MOTepb BOJbI HA BUJIUMOE
ucnapenue. [ [puHATHIO peleHnii 10 ONITUMHU3ALINN PEKMIMA X0351CTBOBAHUS B JIe1bTe Bonru
IPU TPOXOXKJACHUHU TOJOBOAMNM Pa3IMYHOrO THUIA MOTYT CIIOCOOCTBOBATh MPOTHOCTUYECKUE
pacyeTbl IUIONIA/el 3aTOMJIEHHS U OOBEMOB AKKYMYJIMPOBAHHOM BOABI B Pa3JIMUYHBIX
paifoHax. OTH pacdeTbl MOTYT OBITh BBIIIOJHEHBl Ha OCHOBE BOJHO-0ANaHCOBOM MoOzenu
nensThl Bonru. Ilpobiaemy pacueToB BogHOro OanaHca JAenbThl Boirn HEBO3MOXHO PELIMThH
0e3 muddepeHITMPOBAaHHBIX OIEHOK IUIOMIAICH 3aTOIJIEHUS M 00BEMOB aKKyMYJIHUPOBAHHOMN
BOJbl B PAa3IMYHbIX palioHaX JelbThl B 3aBUCHUMOCTH OT Tuaporpada mnoioBoabs. B
COBPEMEHHBIX YCIIOBUSAX O3TH OIIEHKHM HamOoJjee YCIEHNIHO MOTYT OBbITh BBIMOJIHEHBI MPHU
COBMECTHOM  MWCIOJNB30BAaHUM  JAHHBIX  CTAHAAPTHOM  T'MIPOMETEOPOJIOIMYECKON
HabOmoaTenbHON cetu Pocruapomera u pe3ynbTaToB SKCIEPUMEHTAIBHBIX HCCIIEI0BAaHUMN
IIPOLIECCOB 3aTOIUIEHUS Pa3IMYHbIX PAalOHOB B AeiabTe Boiru npu npoxoxaeHUH MOJI0BOIbS.
Jns omeHKW TUIOMANEH 3aTOIUIeHHsT B JenbTe Boarm 1enecooOpa3HO HMCMOIB30BaTh
KOCMHUYECKHE N300paskeHHsI.
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HccnenoBanue mnpoieccoB 3aTONVIeHHs W COCTABJSIIONIMX BOJHOr0 OajaHca
aeabThl Boarn

B nenbre BBImENEHBI 16 paiioHOB, BKIIIOYAs 3amajJHBIE WU BOCTOYHBIC ITOJCTEITHBIE
uinbMenu (puc. 1).

Puc. 1. PaitonnpoBanne nensTsl Bonru Ha ocHOBe KocModoTtommana KOA-1000 ot 26.10.1997

Jns monmydeHuss 3aBUCUMOCTEW ITUIOMIAJEH 3aTOIUICHWS B BBIJAEIEHHBIX palloOHax OT
ypOBHEH BOABI Ha COOTBETCTBYIOUIMX PEMPE3CHTATUBHBIX THUIPOJIOTHUYECKHX IOCTax
WCIIOJIb30BAHbI KOMITBIOTEPHBIC TEXHOJOTHUU BBIJICICHHUS PA3IUYHBIX JAHAMA(THBIX U
BOJHBIX OOBEKTOB Ha KOCMHYECKHX HW300paxeHusX nenbThl Bonru. JlemmdpoBounbie
NPHU3HAKH JTHX OOBEKTOB ONPEACISUICh C IOMOIIBI0 Tomorpaguyeckod KapTbl u
pEe3yNbTaTOB HATYpPHOTO 0OcnefoBaHUs NenbThl Bonru. B pe3ynbraTe KOMOBIOTEPHOMN
obpabotku psga kocMocHUMKOB KDA-1000, MK-4 (¢ paspemenuem 20 m/mkc), Modiz (¢
pazpemenueM 250 M/TKC) cAeNaHbl OLIEHKH MOKPBITHIX BOJOM TUIOMIA/EH BO BceX pailoHax
NeNnbThl Bonrn, kak B MeXKEHb, TaK U B ITOJIOBOJIBE.

[TonmydyeHbl  3aBUCHMMOCTH  TJIOWIAACH  3aTOMJIEHUS OT YpOBHEH BOJBI Ha
penpe3eHTaTUBHBIX THAPOJIOTHYECKUX MOCTaxX It Kaxaoro paiiona nenbtsl Fj=f(Hp;). 3mecs
U Jlajee TIpHHATH 0003HaueHus: Fj — 3aTomsieHHbIe BOAOH IUIOMAAN B j-TOM paiione, Hy —
VPOBHH BOJBI B pycjlaX BOJOTOKOB, Ha KOTOPBIX PpAaCIOJIOKEHBI  CTaHJIapTHBIC
TUJPOJIOTUYECKUEe MOCThl, Hpj ypOBHM BOABI Ha 3alMBacMbIX MOMMEHHBIX MaccuBax. B
3aBHCHUMOCTSX, TIOCTPOCHHBIX ISl PA3IMYHBIX PaiOHOB (j-HOMEp paioHa), OCHOBHOM 0O0IIIei
4epTOi SABJISIETCS HAMYNE B HWKHEH YacTHW BETBH MOJBbEMa y4aCTKAa OTHOCHUTEIBHO MalblX
U3MEHEHUH IIomanei 3aTomieHust Fj, COOTBETCTBYIOIIEro M3MEHEHHSM ypOBHEH BOABI B
npezenax pycen BogorokoB npu Hp<Hgj. 31ece Hoj — ypoBeHb, mpu KOTOpOM HadMHAETCS
BBIXOJIT BOJBI Ha mokiMy. Cremyroommii, Mo Mepe BO3pacTaHUs YPOBHEH BOJABI, y4aCTOK
3aBucumocter Fj=f(Hp;) oTnmuaercs yBennunBaromielics HHTEHCHBHOCTBIO Bo3pacTaHus Fj u
COOTBETCTBYET AKTHBHOMY BBIXOAY BOJBI Ha IOWMEHHBIE MACCHBBL. BepxXHUI ydacTok
3aBUCHMOCTEH OTIMYAEeTCsl YMEHBILIAIOUIENHCS HHTEHCUBHOCTBIO BO3pacTaHus Fj mpu ee
NpUOMIKEHUH K MaKCHMajJbHO BO3MOKHOMY 3HaueHuo. HauOonblias mmpuHa mnereib
saBucumocreii Fj=f(Hyj) coorBercTByer HauanbHOW (hase MHTCHCHBHOIO BO3PACTAHHMS Ha
BeTBH nogbeMa. OCHOBHAsI pernoHanpHasi ocobeHHocTh 3aBucuMocteit Fj=f(Hy;) Beipaxkaercs
B Pa3IMUMUSX MIUPHH UX METeNb (pHC. 2).
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Puc. 2. 3aBHCHMOCTD TUIOIIAIU 3aTOIICHNS PafoHOB 2 1 7 B IeTbTe Boiru ot cpeqHero ypoBHS BOABI
B BOJIOTOKax pailoHa: paiioH 2 — ypoBeHb cpennuit no I'Tl Actpaxans u I'll Kununun; paiion 7 - o

Tl Bepxuee Jle6soxbe n I'Tl Kpacuwiid Ap. 1 —F;=f(H ), 2 - F;= f(H, ;). Hmwxuas serss —

IMoABEM, BEPXHA BETBL — CIla/l I10JIOBOABA.

Haubonee mupokwe TmeTIM XapaKTepHBI IS PAOHOB C  OOJIBIION  JoJieit
3aTarIMBaeMbIX TEPPUTOPUN (HAIIPUMEp, paiioH 7) OTHOCUTENBHO YAAJEHHBIX OT MUTAOIIEH
UX OCHOBHOM PYCIOBOM CE€TH BOJOTOKOB. B palioHax, e 10 3aTalulMBacMbIX IUIOIIANEH
Maja M OHU HEMOCPEJACTBEHHO MPUMBIKAIOT K OCHOBHOW PYCIIOBOM CETH, HAIIpUMEp, palioH 2,
nerin 3aBucumocteit Fj=f(Hy;) BeIpoxatoTces, oHl npakTHdecku ogHo3HauHbI Hpj=H,;.

Paspaborana BomHo-OanmaHcoBas Moaens AenbThl Bonru (OctpoymoBa, 2004;
[Tomonckui, 2005), MO3BOJISIONIAS PACCUYUTHIBATH MPUTOK, OTTOK, M3MEHEHUS 00beMa BOJIBI U
BUJUMOE HCIApEHUE B KaXKJIOM U3 BBIJIEJICHHBIX PallOHOB JETIBTHI C YYETOM BOJOOOMEHA
MEXJIYy HUMH C CYTOYHOM JHUCKPETHOCTHbIO. Mojenb MO3BOJSET BBINOJIHATH KAk
PETPOCTIEKTUBHBIEC PACUETHI MO HAOIIOIEHHBIM PAacXoJaM BOJbI B BEPIIUHE JIETbTHI, YPOBHIM
BOJbl Ha CTAaHJAPTHBIX TUAPOJOTMYECKMX IIOCTaX B JEJIbT€ M METEOPOJOTUYECKUM
XapaKTepUCTUKAM, TaK M MPOTHOCTHYECKUE PACYETHI BOJAHOTO OallaHca JAeIbThI IIPH 331aHHOM
IIPOrHO3HOM THJIporpade CToKa U MPOrHO3HBIX METEOPOJIOTUYECKUX XapAKTEPUCTUKAX.

Pacyersl cocTaBisirolmMX BOAHOTO ©OanaHca BBINONHSIOTCA C  HMCIOJNB30BaHHEM
nporpaMMHBIX cpescTB Excel. Ha Bxome Moaeny, B BepIuHe IebTHI 331a€TCs MPUTOK BOIBI
B €€ BEpXHHE paiioHbL. VI3MeHeHUs O0BEMOB BOJIbI PACCUMTHIBAIOTCS 1O 3aJaHHBIM
HAONIOZICHHBIM  WJIM TPOTHO3HBIM  3HAYCHHUSM  €XEJAHEBHBIX YPOBHEH BOABI Ha
pENpEe3eHTATUBHBIX TUAPOJIOTHYECKUX IIOCTaX M PACCUMTAHHBIM 3HAYEHUSAM IUIOLIAAEH
3aToIuieHus pailoHoB. OHHU pPAacCUMTHIBAIOTCS Ha KaXIble CYTKH C HCIOJIb30BaHUEM
HEOJIHO3HAYHBIX 3aBUCHUMOCTEN IUIOMIAAEH 3aTOIUIEHHS OT ypoBHEH BOJbl. OTTOK BOIBI U3
Ka)KJ0ro palloHa pacCUMTHIBAeTCS KaK OCTAaTOYHBIM WIEH W3 YpPaBHEHMsI BOJHOrO OanaHca
palioHa C y4eTOM pacCUMTaHHBIX [0 METEOPOJOTUYECKUM JAHHBIM OCaJKOB M MOTEPb BOJIbI
Ha ucrnapeHne. OTTOKM W TPUTOKH B CMEXKHBIE PaliOHBI TPUHATHI MPOTOPIHOHATHHBIMUA
M3BECTHOMY W3 HATYpPHBIX MCCIIEJOBAaHUN pacHpelesIeHUI0 CTOKa B JEJIBTOBBIX BOJOTOKAX,
COEIMHSIOIIUX COOTBETCTBYIOIINE PAOHBI.

Ha npumepe skcTpeManbHO MHOIOBOJHOTO MOJOBOABS 1991 T. BBINOJIHEHBI OLIEHKU
COCTaBJISIIOLIMX BOJHOTO OajlaHCca OTJENbHBIX PaioHOB U AenbThl Bonru B nenom. B Tabmune
| mpuBeneHbI CBEICHMS MO YKPYIMHEHHBIM pailoHam: nenbTa B uenoMm ([I), 3amaanas yacte
nenbthl (3/]), Bocrounas wacte nenbThl (BJl), 3amanueie moncrtenssle unbMeHu (311N),
Bocrounsie moacrenusie wiabmenu (BIIM) u ormenas 3ona yctheBoro B3mophs (O3YB).
[Ipoananu3upoBaHbl 3aKOHOMEPHOCTH 3aTOILIEHUS TEPPUTOPHI PA3IMUHBIX PaliOHOB JIE€IBTHI
Bonru, BbigeneHbl TUIBI pPAalOHOB MO CTENEHW 3aTOIUICHUST M OTHOCHUTEIbHOW pPOJIHU
Pa3IMYHBIX COCTaBISAIOIIMX MX BOAHOrO OanaHca. B pe3ynpTaTe 3THX pacyeToB B MEPBOM
npUOIMKEHUN TOTYYeHBl HOBBIE JaHHBIC O TIOTEPSIX CTOKA B jJenbTe Bonru. MakcumanbHbIE
IJIOIIAM 3aTOIJIEHUS JENbThl B LIEJIOM COCTAaBISAIOT B OKCTPEMAJIBHO BBICOKOE IOJIOBOABE
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1991 rona 56%, nenbThl 03 3amagHbix mojctenHbix wibMeHen (J1-3I11) — 67%, 3amamHoit

yacTH JenbThl 0e3 3amagHbeix mnoxacrenHbix wiabMenen (3/[-3I1M) — 59%, 3amagHbix
MMONCTENHBIX HiIbMeHed — 31%, BOCTOYHON 4YacTH AEAbTHI 0e3 BOCTOYHBIX ITOACTEIHBIX
wibmeneit (B/JI-BIIM) — 80%, wu Bocrounsix mnoncrenHsix wuiabMeHeil — 49%.

AKKYMYJIUpPOBAaHHBI B TIOJOBOJLE OOBEM BOJIBI B JIETIbTE B IIEJIOM COCTaBISCT B TOJBI
pa3IMYHON BOJHOCTH OT 9 KM 10 3 k. B MIEPHOJT MEKEHU CTOKA B JIEIBTOBBIX BOJAOTOKAX
conepxutcs 2,0 — 2,5 KM BOJIBL.
Taoauna 1
OcHOBHBIE XapaKTEPUCTUKH 3aTOIJICHHUS U BOJAHOTO OajaHca YKPYIMHEHHBIX PAOHOB JICTBTHI
Bouru B skcTpeManbHO BhICOKOE M0JI0BOJIbE 1991 rona

O6mas Iommas IInomane Makec. OtroKx IMorepu O6BeM Ocratou-
Unngexe | miaomans MakCUMyMa | akkymy- IIpuTok BOJBI HA  OCaj-
o " BOJIOTOKOB B 3 BOJEIL, Hast aKKyMy
paifoHa paiioHa, > 3aTOIUICHHS, AU BOJBI, KM 3’ | Wcmape  KOB,
2 = MEXEHb, KM 2 3 KM 3 3 JIAIUS, KM
KM KM BOJBI, KM HHE, KM KM
31 4649 409 2731 2,76 91,64 90,54 1,13 0,36 0,33
3111 4214 451 1311 1,31 2,22 0,61 0,97 0,35 0,99
31-+3I11 8863 860 4042 4,07 93,86 91,16 2,10 0,71 1,32
BJI+BIIM| 5017 394 3736 4,53 65,19 63,12 1,23 0,23 0,94
pi| 13880 1254 7778 8,60 153,60 148,95| 3,33 0,94 2,26
O3VB 9100 9100 9100 4,55 148,95 144,35| 341 0,63 1,82
J+O3YB | 22980 10354 16878 13,15 153,60 144,35| 6,74 1,57 4,08

B Hacrosimee Bpems B CBA3M C YCBOGHHEM HOBOW KOCMHUYECKOM HMHMOpManuu o
3aTOIJICHUHU JeNbTHI Boiru Ha pa3nuyHbIX (hazax MOIOBOIMHN BeAeTcs padoTa Mo YTOYHEHUIO
U oOHoBieHnto 3aBucumocteit F=f(H) ¢ mnpuBnedeHneM 3HAYMTENHPHOTO KOJMYECTBA
Kocmuyeckux cHuMmkoB Landzat-5, Landzat-7 (¢ paspemienuem 30 m/mkc). Takum oOpazom,
nmapaMeTpsl  BOJHO-OAIAHCOBOM MOJENH JAeNbThl BOJru CyIIecTBEHHO YTOYHSIOTCS, YTO
pacuipsieT BO3MOKHOCTh BBIIIOJHEHHSI C €€ MOMOIIBI0 PacyeTOB 3aTOIMJIEHHUS U BOJHOIO
OajaHca OTIENBHBIX PAaOHOB M JIENHTHI BONTH B I1€JIOM B pacHIMPEHHOM JMAa30HE THIIOB
NoJIOBOAMN. Pe3ynbTaThl HOBBIX pa3pabOTOK B TOM HalpaBJIEHUH NPOJEMOHCTPUPYEM Ha
npuMepe paiioHa 3amaaHbix nojacrenHelx wibMmeHed (3[1M) B penpte Bonru. OH sBusercs
HaunboJiee CI0XKHBIM U MaJIO HUCCIIEJIOBaHHBIM pailoHOM B JenbTe Bonru (puc.3).

Puc. 3. KocMuueckne CHUMKHU 3amaHBIX MOJICTEHHBIX MibMeHeil: a) ot 14.05.2007 (cpeanee mo
BOJHOCTH TIOJIOBOZbE) - TUIOIIA[h BOJHOTO 3epKaja cocTaBiseT okoio 20% oT olmiei ruromanu
paifona u 6) ot 19.09.2007 (MexxeHb) - IUIOIIAAL BOJHOTO 3epKajia cocTaBisieT okoso 10% ot obmieit
IJIOIAIU paiioHa.

122



B 2003-2009 rr. T'OMUH npu yyacTuu ACTpaxaHCKOrO LEHTpPa TMAPOMETEOPOIOTHH U
MoHUTOpUHTa OKpyxkawme cpenbl (ALIIMC) B pamkax mnpoektoB POOU u HUOKP
Pocrunpomera noxy4eHbl HOBbIE HaTYpHBIC JaHHBIE U KOJIWYECTBEHHBIE OLIEHKH BOJOOOMEHA
311U c ri1aBHBIM pyCiioM eibThl Bonru u nanueie 00 n3MeHeHusX ypoBHel Bojsl B 311U s
nosioBoui paznnyHoro tuna (Ilononckuii, 2008). BnepBble ncciaenoBanbl 3aKOHOMEPHOCTH
ruaponoruyeckoro pexuma 311, npu 3amnonHeHMHM B MOJOBOJABE U IMOCIEAYIOLIETO
yebixanus. [Ipu stom Ha pexxum 3I1U, Hapsny ¢ ecTeCTBEHHBIMH (DaKTOpamMH, OKa3bIBaIOT
BIIMSTHUE BOJIOXO035HCTBEHHBIE MEPOIIPUATHS MO yIyUIIeHUIO UX BojoobOecneueHus. B pamkax
o0mieil BogHO-0amaHCcoBOM Monenu AenbThl Boiru paspaboraH ocoOblil OIIOK Jisi paiioHa
311U, yuuTbiBaronuii crneruduKy ero rugporpaduyecKoid CeTh W BOJOOOMEH C TJIABHBIM
pycioMm nenbTbl Boaru. IlocTpoeHsl HEOJHO3HAUHbIE 3aBUCUMOCTH pPAacxXo/l0B BOJABI B
BOJIOTOKaX, ocyiecTBisonmx BogooOMeH 3IIM ¢ rmaBHbIM pyciiom JenbThl Boaru ot
YPOBHSI BOJbI Ha THAPOJIOTHYECKOM TMOCTy T. Actpaxanb (puc. 4). IlomyueHbl Takxke
3aBHCUMOCTH cyMMapHoro BojgooomeHa 311U ¢ rmaBHbIM pycioMm aenbTel Bonru (puc. 5).

[To maHHBIM KOCMHYECKHX HW300paXKCHHM OIEHEHBI IJIOMAJN BOJHOW ITOBEPXHOCTH
3[I1 B paznuunbie (a3bl MOJOBOAMM W TOCTPOEHBI METIEOOpa3HblEe 3aBHCHUMOCTH 3THUX
ioniaied OT ypoOBHS BOJbl Ha IPUJIETAIOIIEM K HHUM YYacTKE OCHOBHOTO pycja JAENbThI
Bounru (puc.6). 3nech B kauecTBe aprymMeHTa ObUIA HCIIOIb30BaHbl CPEAHUE YPOBHH BOJBI IO
I'TT Acrpaxanp u I'Tl Hkpsnoe (Ha,). Ilpu noctpoeHun 5THX 3aBUCUMOCTEH TOYKHU
OTKJIOHEHHSI OT OOOCHOBAaHHOW KOCMHUYECKHMMH H300paKEHUSMHU JelbThl Boiru BeTBU
NoJbeMa I0JIOBO/AbSl, TOYKM JOCTHMKEHHMS MAaKCUMaJIbHOM IUIOIIAAW 3aTOIUIEHUS U
KOH(UTypalnuss BETBU CMaja JAJs MOJOBOAbS JTIOOOTr0 THMNA OMPENENISIIUCh MO TOYKaM
nepern0oB MOJIOBOAHOTO ruaporpada ypoBHS BOIBI B TJABHBIM pycie NeabThl Bonrm u
SMIIUPUYECKH  YCTAHOBJICHHBIX  3aKOHOMEPHOCTEW  3ama3fbplBaHUsl  MaKCUMAJIbHBIX
MOJIOBOJHBIX ypoBHEH BoJbl B 3[IM mo OTHOWIEHMIO K MaKCHUMaJbHBIM YPOBHSIM BOJBI B
[JIABHOM pycie AeabThl Bosru. 9To mo3Bonuio pa3paboTarh MOAETh U TEXHOJIOTHIO pacyera
BojHoro OamaHca 3IIM1 u oIeHUTh W3MEHEHHUS €ro COCTABJIAIOIIUX B XOJ€ IOJOBOJIUMN
pasnu4Horo tuna. YpasHeHnue BoaHoro 6ananca (Bb) 31U pemaercs oTHOCHTENBHO 00beMa
AKKyMYJINPOBAaHHOM BOJIbI 3@ OTPE30K BPEMEHHU:

AW, = TIP; — OT;- HC; + OC; 1)

rae I1P;, OT;, HC;, OCj, AW; coOoTBETCTBEHHO OOBEMBI NMPHUTOKA, OTTOKA, HCIAPEHMs,
0CaJIKOB U U3MEHEHHE 00beMa aKKyMYJIMPOBAaHHON BOJbI 32 OTPE30K BPEMEHHU.

CrnocoGbl M pe3ynbTaThl pacdyeTa COCTABISIOIMX BoaHoro Oamanca 3IIU
IPOJEMOHCTPUPYEM HA MPUMEPAX MHOTOBOJHOrO 1MojoBoAbs 2005 rona u nosnoBoaps 2009
rojla ¢ BOAHOCTBIO HIKE cpenHeil: IIo maHHBIM 00 €XeZHEBHBIX YPOBHSX BOABI (pHC. 7) C
IIOMOUIBIO 3aBHCUMOCTH (PHC. 5) PacCUMTHIBAIOTCS €XeaHeBHbIE 3HaueHus [IPj u OT;. [na
OLIEHKH CJIOEB UCIAPEHUS C BOJHON MOBEPXHOCTU ObLI IPUMEHEH METOJ pacyeTa UCIApEHUs
C TOBEPXHOCTH BOJHBIX OOBEKTOB C HCIIOJIIB30BAHUEM CTaHJIAPTHBIX HAOIIOAEHUI Ha
METEOPOJIOTUYECKUX CTAHIUX, a C TOBEPXHOCTH JAHAMA(PTOB CyIIH MEeTO] K03()(PUIIMEHTOB
NOBBINAIONINX WIA MOHWXKAIOIIUX BEJIUYHMHY MCIApEHUs C BOJHOW MOBEpXHOCTH. Jlis
pacueroB /C; nu OCj B 3II1 ucnonb3oBanuch MeTeopojorudeckue Hadmogenus Ha ['MC
AcTpaxaHsb.
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Puc. 4. PazHOTHIIHBIE 3aBUCUMOCTH MIPHUTOKA - OTTOKa BOJAbI (Qu, M3/c ) B 3amajHble MOJCTEITHBIC
WIBMEHH 4Yepe3 OTJAENbHbIE BOJOTOKH OT ypOBHSI Bojbl Mo rn Actpaxanb (H, cM) s monmoBoaunit
2009 u 2005 rr.: 3 — ep. HoxeBckuil, 5 — ep. bepttons, 9 — np. Xypays, 18 —np. Tpu epuka. Bepxuue
BETBH TIETJICOOPA3HBIX 3aBUCHMOCTEH - IT0IbeM, HIDKHUE BETBH — cI1a 1 ostoBoibs 1o I'T1 ActpaxaHs.

Pacuers momaneit BomHoM moBepxHocTd 31 mpu mpOXOXKIEHUU TOJIOBOIBS
MPOBOAMIIUCH TIO UX 3aBUCHMOCTSIM OT YPOBHSI BOJIbI B TJIaBHOM pYycie IenbThl Bonru (puc.
6), annmpOKCUMHMPOBAHHBIM ypaBHEHUAMHU. [Ipu cHuxeHun ypoBHs Bojabl 1o I'Tl Actpaxanb
ke otMeTkd -24,5 M bC cootBerctBytomieit 350 cm Han 0-mocTa Ha (ase crajga moJI0BOIbS
MEpUOJT YMEHBIIEHUS IUIOMAACd BOJAHOM TOBEPXHOCTH JI0 KX MEXKEHHBIX 3HAYCHUH
3a/laBajicsl C y4€TOM JIKCIEPUMEHTaJIbHBIX JaHHBIX 0 BogooOmeHe 3IIM ¢ rmaBHBIM pyciiom
nenbThl Bonrn.

Bonoobmen 311U ¢ rimaBHBIM pyclioM JeidbThl Bonru depe3 GONBIIMHCTBO BPEMEHHO
JENUCTBYIONIUX B MOJIOBOJIbE BOJIOTOKOB HAYMHAETCS MPHU TIOCTHKEHUU OTMETKH YPOBHS BOJIBI
no I'TI Actpaxanp 3Hauenus -24,5 m bC (350 cm Han 0-mocta). OO6beM cTOKa BOJBI pyKaBa
Bonru (3anagHoro pykaBa JeNbThl) B IEPUOJ, KOTJIa ObLJIa MPEBBIIIEHA 3Ta OTMETKA, HA30BEM
3¢ heKkTuBHBIM CTOKOM TONOBOMbsA - DCII. O0beM CymMMapHOTO CTOKa BOJABI B BEpIIUHE
nenbThl Boiaru B meproa mosioBOMABS, Korna ypoBeHb BOAbI mo [Tl AcTpaxanb mpeBbImIal
ormeTky -24,5 M BC, B 2005 r. coctaBmi 138 KM3, a B 2009 r. - 70 km>. O6BeM DCII B 2005 T.
cocTaBuiI 86 KM3, a B 2009 1. — 42 kM. MakcuMabHbIe IO BOHOM moBepxHocTu 31U
B 2005 r. coctaBuiu 1070 KMZ, a B 2009 r. 860 KMZ, COOTBETCTBEHHO MaKCHMaJIbHEIC 00BEMBbI
BOJEI, 3HaKorH/IBmI/IecsI B 3IIM1 ¢ nauana mojoBoabs coctaBuiau B 2005 r. 1,5 kM 1 B 2009 T.
0,5 xm”.
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Puc. 5. 3aBHCHMOCTE CyMMapHOTO €XKETHEBHOTO
obbema mpurtoka-orToka Boael (W) B 3IIU u3
pykx. Bonru u pyk. baxtemupa OT ypOBHS BOABI
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Puc. 6. IlerneoOpa3Hple 3aBUCHMOCTH IIOMIAACH
saromienus 3[1U (F3) B mosioBoabe OT cpenHero
ypoBHs Bonabl [Tl Actpaxans u I'Tl Uxkpsuoe
(H,) ans pasmuasbix nmet: 1 — 1991 1., 2 — 2005
r.,3-2008r.,4—-2009T., 5 — 2006 T.; HIKHIA

BETBb COOTBETCTBYET TIOABEMY  IIOJIOBOJIBA,
BEPXHSISI BETBb — CIIAJy
Puc. 7. Xom ypoBHs Bomel (Ha) mo [ITI

Actpaxans 1 —2005r., 2 -2009 r.

Pe3ynbratel pacueToB n3MeHeHus Iiomaael BogHon nosepxHoctu 3I1M noka3aHsl Ha
pucynke 8 a, HakonuBiuxcs B 3I111 06beMOB BOJbI NPU MPOXOKIEHUU TOJOBOIUN pa3HON

BEJIMYMHBI — Ha pUCYHKe § 0.

a)

0)
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Puc. 8. M3menenne miomaneit BoaHoit mosepxHoctu 3IIW (puc. 8a) m nakommBmmxcs B 3111
00BeMOB BOZIBI (puc. 80) Mpu MPOXOKIACHUA MHOTOBOJHOTO 1MOJIoBObs 2005 roma (1) u moiaoBoabs

2009 roga(2) ¢ BOMHOCTBIO HUKE CPEITHEH.
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ExxenHeBHBIE 3HAUYEHUS BCEX COCTABIIOMIMX BoaHoro Oamanca 3[IM mokaszaHel Ha
pUcCyHKe 9.

W, km3

0,16 ‘ ‘

-1
—0—2
A 3
=4

0,12 ﬂ 2005T.

0,08

0,04 i 5

0,00 MCTCTI T

21anp 1mati 11 man21 main31 mainlO utoH. H3| aBr

-0,04

-0,08

0)

W, km®
0,12

ol

0,10

[

——1

0,08

I
——a

0,06
0.04

0,02

0,00 A
18anp
0,02 -

0,04

Puc. 9. V3meHenus coctapisitonux BoaHoro Oanganca 3[1M mpu NpoXoKACHWH MHOTOBOIHOI'O
nonoBoks 2005 rona (a) u monoBombks 2009 roga ¢ BOOHOCTEIO HIDKE cpeanei (0): 1 — exxenHeBHOE
noctryrmienue Boabl B 3IIM BcrmeacTBue BOMOOOMEHa C OCHOBHBIM pyCJOM JeibThl Bonru, 2 -
©XKEJITHEBHBI 00BEM OCaJKOB, 3 — €KEIAHCBHBI 00beM HUCHapeHHs, 4 —eXKEeIHEBHOE NpUpaAIlCHUES
o0nema Bojs! B 3111,

ExxenneBHbIe 00BEMBI OCAJKOB M HWCHAPEHUS HA TMPOTSHKEHUH OOOWX TOJOBOIUI
corocTaBuMBbl. Hanboitee CHIIBHO pa3iiunvaroTcsl 00bEMBI €XKETHEBHOTO TOCTYIUICHUS BOJIBI B
311 npu BomOOOMEHE C OCHOBHBIM PYCIOM AENbTHl BONru M exeqHEBHBIC MpUpAIICHUS
o0beMa BOJIbI Ha (Da3e BBHICOKOTO CTOSHUS MOJ0BOAbsI. B 2005 1. 3T 00BEMBI TIOUTH BIBOE
MPEBBIIAIOT COOTBETCTRYIOMIKE 00beMbl 2009 T.

BriBoabI

[Tockonpky 0OBOMHEHHME AENbTHI Boirm WrpaeT OrpoMHYI POJb B €€ DKOJOTHU U
XO3SICTBEHHOM  WCIIONIb30BAHHWM, B  MOCIEAYIONEM  I€JIecCO00pa3HO  aJanTHPOBaTh
pa3paboTaHHBIE METOJBI M TEXHOJOTHH pacdeTa COCTaBIISIONIMX BOJHOTO OanaHca JeNTbThI
Bonrm s ocyliecTBieHUMs MOHHMTOPHMHIA M IPOTHO3a THUAPOJIOTHYECKUX — YCIIOBHUM
Pa3IMYHBIX €€ PAaOHOB MPH NPOXOKIACHUHU MTOJTOBOIbSI.

Hcnonb3oBaHrue BOJHO-0AIAHCOBOW MOJEIH HApsAy C METOJAOM IMPOTHOCTUYECKOTO
pacyera ruaporpadoB CTOKAa M YPOBHEH BOABI B JENbTe BOJTHM TO3BOJIUT OINEpPATUBHO
BBITIONTHSATH MPOTHOCTHYECKUE PACUETHI TIPOIECCOB 3aTOIUICHHUSI U BOJAHOTO OanmaHca JeNbThI
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Bounru B m1060€ 10710BOIbE M OCYHIECTBIATh MOHUTOPHHT 3THX IporieccoB. Kpome Toro, atn
pacueTsl MO3BOJIAT TAKXKE MOJy4yaTh YTOYHEHHBIN MPUTOK BOJHKCKOM BOJIBI K MOPCKOMY Kparo
ee JeNbThl. JTOT MPUTOK SIBISETCS TJIABHOW NMPUXOJHOM COCTaBISIONICH BOJHOrO OanaHca
Cesepnoro Kacnus u Kacrnimiickoro Mopst B 11esioM. 3a01aroBpeMeHHbBIA pacueT BOJI00OMEHa
3anagHbIX MMOJCTENHBIX WIBMEHEH C OCHOBHBIM PYCJIOM JAENbThl Bonrum mpu npoxoxIeHuu
MOJIOBOJIbS. TO3BOJIIET MPOAHATU3UPOBATh HA MPUMEpE MPOLUIBIX MOJOBOIUI-aHAIOTOB
yCIIOBHS BOJ0OOECTICUCHHs] MIIBMEHEH B TEKYIIEM ToJly M MPUHATh ONTHMAJIbHBIC PEHICHUS
0 €ro YIy4LIECHUIO.
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INPOTHOCTUYECKHE PACHETBI 'HIPOT'PA®OB CTOKA
N YPOBHEWU BO/JbI B TEJBTE BOJITU ITIO JAHHBIM O CBPOCAX
BOJITOI'PAJICKOM I'C B TOJIOBO/IBE
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AHHOTAIMA

Pa3zpaboran mMeTo MPOTHOCTUYECKOTO pacyeTa YpOBHEH BOJBI U TUAPOTPa(OB CTOKA B JIENbTE
Bonru B monoBoswe. [IpeaukropoM nporuosa siBisercs mian-rpaduk cOpocoB BOJBI B HIKHEM Obede
Boarorpamckoro rtHapoysia B TOJOBOMBE, JUISI KOTOPOTO IMOJOWPAIOTCSA TONBI-AHAJIIOTH TIO
UCTOPUYECKUM JaHHBIM, UMerommMcs ¢ 1961 1. OcHOBOW Il MaTbHEUITHX PAcUYEeTOB SIBIISFOTCS
YCTaHOBJICHHBIE JIJIsl OJIMKAMIIETO TO/ja-aHaIoTra 3aBUCUMOCTH PACcX0/I0B BOJIbI B BEPIIUHE JEIBTHI OT
cOpocoB BOjBI ¢ Bosrorpajackoro rupoysia, a TakkKe 3aBUCHMOCTH YPOBHEH BOJBI B Pa3IMUHBIX
pyKaBax JdeNbTHl OT PAacXOJI0OB BOABI B BEPINMHE EIbTHL. B KadecTBe mpuMepa IpeacTaBlieH
MPOTHOCTHUYECKUH pacdeT MOJOBOAHBIX THIPOrpad)oB pacxoloB M yPOBHEW BOJABI B JenbTe Bosru 3a
2010 r., BBIOJTHEHHBIH C YCBOGHHWEM HWH(OPMAIMH O TUIAHOBBIX M (DAKTHYECKUX COpOcax BOJBI C
Bousrorpajckoro ruapoysia.

BBenenne

Upe3BbIUaifHO BaXXHBIM I TIPAKTUKH SIBIISIETCS pElIeHUE 3a7add pacyeTa (IIporHo3a)
n3MeHeHu Bo BpemeHHU (1) ypoBHEH M pacxoioB BOIbl B jAenbTe Bonru, pacnpeneneHus
CTOKa IO €€ pyKaBaM B IEPUOJ TOJIOBOABS C 3a0JaroBpPEMEHHOCTBHIO, OCTATOYHOM IS
CBOGBpeMeHHOI‘O HpI/IHSITI/ISI peH_ICHI/Iﬁ 110 OIITUMMU3AIIUN HCIIOJIB30BaAHHUA BOJHBIX pGCprOB,
MPEAYNPEKICHUIO U 3aIIMTE OT HABOJAHCHHUI M MaJIOBOAMH B JenbTe Bonru. B cuimy 60mbmmoi
CJIOKHOCTH 3Ta 33Jla4ya He OblIa pelieHa 0 HaCTOSIEr0 BPEeMEHHU.
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Pacuer (mporHo3) u3MeHeHH ypoBHEH BOABI U pacupeeNieHus CTOKa B JenbTe Bonru
MpeIoyiaraeT penieHne AByX 3aaad: 1) MmosiydeHue MpOTrHO3HOro Trujporpada exeaHeBHBIX
CYMMapHBIX pacxoJ0B BOJbl B BEpIIMHE [JeNbThl Boirw, 2) mMmoiydyeHHe pacdyeTHBIX
3aBHUCHMOCTEIl MCKOMBIX XapaKTEPUCTHK OT PAacXOJ0B BOJAbI B BEepUIMHE AENbThl Boaru u
pacyer exXeTHEBHBIX 3HAYCHUN ITUX XapaKTEPUCTHK.

OCHOBHBIM MPEAUKTOPOM JUIsl TOJYyYEHUS MPOTHO3HOTO Tuaporpada exeIHEBHBIX
CYMMapHBIX pPacxo/I0B BOJBI B BEpIIMHE JAEIbTHl BONrH B MONOBOJBE SIBISETCS IJIAHOBBIN
rpadguk coOpoca Bojbl B HIKHEM Obede Bonrorpaackoro ruapoysina. Takod rpaduk MOXKET
OBITh TOJYYEH 3a HECKOJIBKO HEJENb /10 Hadaja IOJOBOJAbS M B TOCIEAYIOIIEM MOXET
KOPPEKTUPOBATHCSI C aHATIOTMYHOM 3a071arOBPeMEHHOCTBIO.

Jlisi MPOrHOCTUYECKHUX PAacYeTOB HCIOJIB3YETCS METOJ| aHAJIOTOB C HCIIOJIb30BaHUEM
uMerolmxcs, HauvHasg ¢ 1961 r., mMaTepuaroB O €XEAHEBHBIX IOJIOBOAHBIX cOpocax ¢
ruapoysna (Qcs) W cymmapubix pacxomax Boabl (Qp) B crBope c. Bepxuee JleOGskbe
(ocHoBHOE pycno Bounru, p. Axtyba, Bonro-AxTyOuHCcKas moiiMa). ITH JaHHbIE MTO3BOJISIOT
U3YYUTh TpaHC(HOPMAIMIO MOJOBOAHBIX COPOCOB pazIMYHOTO THIIA HA Yy4YacTKEe OT
Bonrorpaackoro ruapoysia 10 BEpIIMHBI AenbThl Boiaru u mogoOpath aHanor Ijs KaxXaoro
MIPOTHO3UPYEMOTO TOJI0BObsA. C y4eToM 3aKOHOMEPHOCTEW TpaHC(hOpMAIMU ITOJIOBOIHBIX
cOpOCOB CHHTE3UPYETCs MPOTHO3HBIN TUIporpad pacxoa0B BOJbI B BEpIIMHE AeTbThl Bonru
Qo = f(t).

B nanpHeiimumx pacuerax MCHOIb3YIOTCS MOMYyUYEHHBIE paHee WM 3aHOBO MOCTPOCHHBIE
s OrpKaiiiero roja-aHaiora rnetieo0pa3Hble 3aBHCUMOCTH YPOBHEH BOJIBI Ha PA3TUYHBIX
nocrax B nenbre Bonru (H) ot pacxomoB Boabl B BepumHe nenbte (Qp). Mcmonb3ys stu
3aBUCHMOCTH, CTPOSTCS IpaMKK MPOTHO3UPYEMBIX M3MEHEeHUH ypoBHeit Bojbl [H = f(t)] u Ha
UX OCHOBE TpauKH pacxoJ0B BOJbI (IIPOTHO3HBIE TUApPOrpadpl) Ha Pa3IUUYHBIX pPyKaBax
nenpThl Bosru.

MeTtoauka ¥ aJITOPUTM NMPOTrHOCTHYECKOI0 pacyera YpOBHeil U pacxoioB BOJbl B
aeabTe Boarn (Ha npumepe nmoJsoBoabs 2010 r.)

[TockonbKy H€aIbHOrO aHajiora JUls IIIaHUPYEMOTro B TEKYIIEM roay rpaguka coOpocos
BOJIbI B HIDKHUM Obede Bonrorpagckoro rujipoysia MOXKET HE OKa3aThCs, A Pa3HbIX
XapaKTepHBIX (a3 MOJIOBO/bS MOJOUPAIOTCS Pa3IMUHbIE aHAJIOTH M3 MPEAbLAYIINX JET. DTO
MO3BOJISIET PACCUUTaTh (CHHTE3UPOBATh) NMPOTHO3HBIA ruaporpad exeIHEeBHBIX CyMMapHBIX
pacxo/10B BOJIbI B BepiuHe aenbThl Bonru Qg = f(t) mis Tekyrero moaoBoaps.

Jns da3pl pe3koro yBeiauueHHs cOpOCOB B Hadajle MOJOBOAbS M (a3bl MX PE3KOro
YMEHBIICHHS B KOHIIE MOJOBO/IbS MCIOB3YIOTCS 3aBUCUMOCTH Qg = f(Qp), mocTpoeHHbIe 10
OmmkaiiieMy A KaXJOW M3 HHUX IOJOBOJBIO-aHANOTy. OTH 3aBUCHUMOCTH CTPOSATCS C
y4eTOM BpPEMEHHU 3alla3/IbIBaHusl COOTBETCTBYIOLMX (a3 ruaporpada pacxoja BOJABI Y C.
Bepxnee JleOsbkpe oOTHOCHTENBbHO TuAporpada momyckoB BoAsl ¢ Bomrorpaackoro
THIpOYy3Ja.

Jns  pacdyera eXKEJHEBHBIX H3MEHEHMH pacxomoB Boasl Qo BO  Bpems
CEJIbCKOXO03SCTBEHHO! (IIEpPBOE BBHICOKOE CTOSIHHE COPOCOB) U PHIOOXO3IUCTBEHHOM «IIOJIKK»
(mocnexnytomiee MEHee BHICOKOE CTOSIHUE COPOCOB) TaKKe MOJAOUPAIOTCS MOJIOBObSI-aHATIOTH
[0 BBICOTE U MPOJODKUTENIBHOCTH JTHX «IOJOK». B pe3ynpTaTe KOHCTpyUpyeTcs
MPOTHO3HBIN ruaporpad Qo TEKyIIero Noja0Bo/Abs, MOCTPOSHHBIN B Pa3IMYHBIX CBOUX YaCTSIX
IO CrieraibHO M0I00paHHBIM JJIs HUX aHanoram. [Ipu Takoil peKOHCTPYKIIMU YUUTHIBAIOTCS
3aKOHOMEPHOCTH CJIIBUKEK IO BPEMEHHM COOTBETCTBEHHBIX (a3 rumaporpadoB Qo u Qcs ams
MMOJIOBOIN-aHAJIOTOB.

B xauectBe mpumepa HMKE MNPEACTABIEH INPOTHOCTHMUYECKUN pacdeT IOJIOBOJHBIX
ruaporpadoB pacxomoB u ypoBHeH Boasl B nenbTe Bonarm 3a 2010 1. OH BBITIOJHEH C
ycBoeHHeM HH(popManmu 0 (aKTHYECKH OCYIIECTBIEHHBIX COPOCAaX U MIAHOBBIX H3MEHEHHSIX
UX pEeXHMa B XOJI€ TEKYILEro mojioBoabs. [IpenBapuTenbHbIi MPOTHOCTUYECKUN pacyeT
JaeTcs MO Mepe MOCTYIUIeHHs WH(pOpMalKu O IUIAHUPYEMOM peXHMe COpOCOB, B IEPBOM
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npuOJIMKEHNH, 3a MECSI] 70 Hayajla IOJOBOAHBIX COpPOCOB M € OOJIBIION TOYHOCTHIO 32
HEJICNI0 JI0 HayaJia TOJIOBOJIbSI B JICJIbTE HA BECh MEPUOJI TIOJIOBOIBS (OKOJIO ABYX MECSIICB).
[To mepe ycBoeHus: mHGOpPMAIUU 00 M3MEHEHUSX MEPBOHAYATHHO OOBSBICHHOrO rpaduka
cOpOCOB B XOJ€ TIOJOBOJbS BEAETCS KOPPEKTUPOBKA  MPOTHOCTHYECKHX pacueTOB
runporpadoB pacxoJOB W YpOBHEH Boabl B nenbTe Bonru ¢ 3ab1aroBpeMeHHOCTBIO,
3aJI0)KCHHOW B OOHOBIIsIeMOW HMH(popManuu o pexume copocoB (20-30 mHel Ha pasHBIX
ATarax MmojoBOAbS).

A. llpenBapure/ibHbIA BADUAHT MPOTrHO3a

[IpenBapuTenbHbIi BapuaHT MPOTHO3a Ha MEpUOJ C 3a0JarOBPEeMEHHOCThIO 4 JHS 10
€ro Hauaja B JIeJIbTE U JI0 KOHIIA MOJOBO/IbA (Ha 2 Mecslla) COCTaBISCTCS MO CIEAYIOIIEMY
AITOPUTMY.

A.1. Ilogbupaercs OnvKalIIMA TO-aHAIOT 110 MHTCHCUBHOCTH YBEIHYCHHUS COPOCOB
Bonrorpanckoit 'C Ha mogbeme MOJIOBOJBS, MO BETUYMHE MPEIIOIOBOJHOTO cOpoca u
BEIIMYMHE CEICKOXO035UCTBEHHOM (TIEPBOI) U phIOOX035UCTBEHHOM (BTOPOIA) MOJIOK COPOCOB.
s mpornosa 2010 r. TakuM npenBaputeabHbIM aHamoroM Obut 2000 T. B COOTBETCTBUH C
IUTAHUPYEMBIMH «pexuMamMu padoTsl ruapoy3noB Bomkcko-Kamckoro kackana (copocax) Ha
nepuon ¢ 22.04.2010 mo 10.05.2010 r.» U ¢ HAaHHBIMH O «CEJIbCKOXO3SHUCTBEHHON» U
«pBI00X034MCTBEHHOM» TTONIKax cOpocoB oT 18 mapta 2010 r. (puc. 1).

A.2. ITo maHHBIM OGIMKANUIIETrO MOJOBOIbS-aHAIOTa CTPOUTCS 3aBUCUMOCTh CYMMapHBIX
pacxonoB Boawl y ¢. Bepxuero JleOsbkpero ot copocoB Bomrorpaackoit 'DC mis dassr
noabeMa TIOJIOBOJbS C Y4YETOM CABMKKM MO BpeMeHn Ha 4 nHs (puc. 2), KoTopas
anmpoKCUMHUpPYeETCs ciutaiinamu B EXcel.

A.3. Ucnonb3ys JaHHBIE O TJIAHOBBIX MOJOBOIHBIX COpOCAX, PAaCCUUTHIBAIOTCS IO ITOM
3aBUCHMOCTH 3HAYCHUS CKETHEBHBIX PacxoioB Bojabl y BepxHero JleOspkbero Ha moabeme
MOJIOBOJIHBIX COPOCOB TUTIOC 4 HSI MTOCJIEe Havajla CebCKOXO03SIICTBEHHOM MOJIKH COPOCOB.

A.4. Tlo 6mmxkaiimemy roay-aHanory (2000 r.) 3amaroTcsi €XKeIHEBHBIC MPHUPAIICHUS
pacxomoB Boabl |y Bepxuero JleOsokpero, HaumHas Cc 6-To JAHS OT Hayana
CeITbCKOXO03IUCTBEHHOU TMOJIKK 110 S5-I JIeHb MOCIIe €€ OKOHYaHUS (OKOHYaHWE CUMUTAETCS I10
TEKYyIIeMY POTHO3UPYEMOMY MOJOBObI0). [Ipnbasisist 3TU MpupanieHus, pacCUUTHIBAIOTCS
pacxonbl Boabl y Bepxnero JleOsokbero, HaunHasi ¢ 6-ro JTHS CEJIbCKOXO3SMCTBEHHOM TOJIKH
Mo 5-i JeHb MOCJe €€ OKOHYAaHUSl BKIIOUUTENIBHO. EcCiu CenbCKOXO3SMCTBEHHAs MOJIKa
aHajora 3aKOHYMJIACh PaHbIIE, YEM B MPOTHO3UPYEMOM TOJly, €KEIHEBHBIC MPHUPAIICHUS
pacxoJI0B BOAbI B MPOTHOZHPYEMOM TOAY SKCTPANOIUPYIOTCA Ha COOTBETCTBYIOLIEE YMCIIO
JTHEW mocye 5-To JHS MOCie OKOHYAHUS MOJIKK B Toay-aHasiore. Eciu cenbCKoX03s1MCTBEHHAS
MOJIKA aHajora 3aKOHYWJIACh TIO3XE, 4YeM B MPOTHO3UPYEMOM TOJy, CYMMHPOBAHHE
MPUPAIICHUNA TMPEKPAIAETCsT Ha COOTBETCTBYIOIEE YHCIIO JHEH paHblle S5-r0 JIHS TMOCTe
OKOHYAHUS TIOJIKU B TOy-aHAJIOTe.

A.5. Tlo OmmkaiimemMy ToAy-aHAJIOTY 3a/1al0TCs €KETHEBHbIE MPUpPAILEHUsS PACXO0JI0B
BOAbl y c. Bepxuero JleOspkpero (oTpuIlaTenbHBIC), HaYyWMHAas ¢ S5-TO JHSA TOCTe KOHIA
CETHCKOXO035MCTBEHHON TOJIKKM TI0 7-W JIEHb MOCJEe OKOHYAHUS PHIOOXO03SHCTBEHHOU MOJIKU
(OKOHYaHHME CUMTAETCS MO TEKYIIEMY MPOTHO3UPYEeMOMY TMONIOBObI). [IpubaBnsas 3Tu
MIPUPAIICHUSI, PACCUMTHIBAEM pacxojbl Boabl Yy Bepxuero JleGshkbero, HaumHas ¢ 6-ro JgHS
MOCJIE OKOHYAHMS CEJIbCKOXO3SWCTBEHHOW TOJKM MO 7-H JIeHb TOcle€  OKOHYAHMS
PHIOOXO03SHCTBEHHON TIOJKM BKJIIOYUTENHHO. B mepBoM BapuanTte mporHo3a (6e3 ydera ero
KOPPEKTUPOBKU MO (aKTUYECKUM cOpocaM ¥ H3MEHEHHH IUIAaHOBBIX COpPOCOB B XOje
MIPOTHO3UPYEMOTO TIOJIOBO/ABSI) TO OJMKaWIIEeMy TOIy-aHaJoTy  3aJaroTCsl €KEIHEBHBIE
npHpanieHuss pacxoloB Boabl y Bepxuero JleOsokpero (oTpumarensHbie) ¢ §-To AHS MOCTe
OKOHYAHUS PHIOOXO03SIICTBEHHOM MOJIKU A0 KOHIIA TOJIOBOIbSL.

A.6. B uTore BBIYMCIICHUH €XKEIHEBHBIX PacXo/i0B Bojbl y Bepxuero Jlebspkpero ¢ 4-ro
JTHSI TIOCTIE Hayaja MOJIOBOAHBIX COPOCOB MO MOCIEAHHM J1€Hb MOJIOBOJIbS B COOTBETCTBUU C
nn. | — 5 crpouTcs mpenBapUTENbHBIM THUApOrpad pacxomoB BOJBI MPOTHO3UPYEMOTO
oJIOBOIbS (puc. 3).
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Puc. 3. Pe3ynpTaTbl NPOrHOCTHYECKOTO pacueTa THApPOrpadoB CyMMapHBIX pacXolOB BOJBI B
BepmmnHe nenbTel Bonrn B 2010 1.0 1 — mo rpaduky npeaBapUTEIbHO OOBABICHHOTO IJIAHOBOTO
noJioBoiHOTO cOpoca Bourorpanckoro ruapoysina, 2 —mo pakrunaeckomy copocy 2010 .
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A.7. Tlo naHHBIM ONMIKAWIIETO TOJOBOJbS-aHAIOTA CTPOSTCS 3aBHCHMOCTH YpPOBHEH
BOJIbI Ha TOCTax B jenbTe Boarm or pacxomoB Boabl y c. Bepxuero JleOGskbero, KoTopbie
amnmpOKCUMHUPYIOTCS UX ciutaiinamu B Excel.

A.8. Ilo nmaHHBIM O MPOTHO3HBIX E€XKEIHEBHBIX pacxojax BoOAbl Yy c. BepxHero
Jlebspxbero u mo popmyrnaM, anmpoKCUMHUPYIOIINM 3aBUCHMOCTH YPOBHEH BOJBI Ha TIOCTax B
nenbTe Bosrm ot pacxonoB Bojbl y ¢. BepxHero JIeOskbero, pacCUNTHIBAIOTCS €KETHEBHBIC
YPOBHU BOJbI HAa 3THUX INOCTaX B TEUYECHHUE IPOTHO3ZUPYEMOrO IMOJOBOABA M CTPOSITCS
MIpeABapHUTEIIbHBIC THAPOTpadBbI.

b. KoppexkTnpoBKka nporso3a ¢ ycBOeHHEM JaHHBIX 0 (PaKTHYEeCKHUX cOpocax U
H3MeHEeHUIl MJIAHOBBIX COPOCOB B X0/1€ MPOTHO3MPYEMOI0 NMOJIOBOAbS

®daktrueckue copockl Bosrorpaackoit I'DC B monoombe 2010 T. oTIMYanuch OT
MEepBOHAYAIILHO 3aIVIAHUPOBAHHBIX B CIEAYIOIIEM OTHOIICHUU:

a) (akTuyeckas CelbCKOXO3SICTBEHHAs MOJKa Havajaach Ha 2 JHS paHbIIe MPOrHO3a MPHU
HEKOTOPOM Pa3Inyuu rpaduKa eXeTHEBHBIX COPOCOB;

0) ¢akTuyeckas CETbCKOXO3SMCTBEHHAs TOJKa OKa3ajlach Ha 3 JHS  KOpoue
3aIUIAHUPOBAHHON;

B) 3HauYeHUs COPOCOB Ha (HAKTUYECKON CENbCKOXO3SICTBEHHOW IOJIKE OKa3alHuCh pPaBHBI
17000 m3/c, a He 20000 m3/c, Kak MPOTHO3UPOBAIOCH.

B cBs13u ¢ 3TUM 10 Mepe nocTyruieHus B xo1e 1mosioBoabs 2010 r. HoBoi undopmanmu o
(dakTH4ecKku ocymiecTBiIeHHbIX cOpocax (ot 5, 9 m 20 mas 2010 r.) u 00 M3MEHEHHSIX
IUIAHUPYEeMbIX cOpocoB OT 21 Mas u 2 HIOHS BBINOJIHSJINCH KOPPEKTUPOBKU K
MIpEABAPUTEIILHOMY BapHaHTy IMPOTHO3a CYMMAapHBIX PacxoJ0B BOJABI B BEPIIMHE AEIbTHI
Bonru y Bepxuero JleOskbero u ypoBHEH BOJABI Ha MocTax B AenbTe Bonaru B moioBojbe
2010 r. B cienyroiieM MopsiaKe.

b.1. Tlo mepe moCTyIuieHHMsI JAaHHBIX O (PAaKTHUECKH OCYIIECTBICHHBIX COpocax OT
Hayajia TOJIOBO/AbS MO TEKYIIMH MOMEHT OCYIIECTBISUIACH €XKEIHEBHAsS KOPPEKTHPOBKA
NporHo3a  3a0iaroBpeMeHHOCTbIO 4  JHS  BIJIOTH A0 5-TO0  OHA OT  Hayana
CEIbCKOXO0351CTBEHHON IOJIKH.

b2. B cBmu c¢ Tem, uyTo pekuM (PaKTUYECKMX COPOCOB TOCIE OKOHYAHHS
CEJIbCKOXO3SMCTBEHHOW TOJKH TojoBoAbs 2010 1. ObUT CyIIECTBEHHO U3MEHEH 110
OTHOIIEHHIO K TMEpPBOHAYAIbHO  OOBSBIECHHOMY, pa3Iuuusd MeXAy  (aKTHIECKH
HaOJIOZICHHBIMU YPOBHSIMU BOJBI B JeibTe BoJrM W ypoBHSMU 10 TpPEIBAPUTEIHLHOMY
BAPUMAHTy NpPOTHO3a CTalu YyBenuuuBaTbca mnocne 15 wmas. [lostomy nns onpeneneHus
M3MEHEHUN PacXoJI0B BOJBI C 5-TO JHS TMOCJI€ OKOHUYAHUS CEJIbCKOXO3SHCTBEHHON MOJIKHU (C
15 mast) npuHMMaeM B KauecTBe Ounkaiimero anaiora nosnoojse 2008 r. (puc. 1, puc.2).

b.3. IlporHo3 Ha mnepuoa, HayuHas C S5-r0  JOHA TOCHE  OKOHYAHMS
CEJIbCKOXO3SUCTBEHHOW TONKHU TO 7-W JeHb MOCIIe OKOHYAHUSI PhIOOXO31CTBEHHOMN IMOJIKU
BKJIIOUUTENBHO, T.€. ¢ 3a0JaroBpeMEeHHOCThIO 24 NHS (y4UThIBasl MepBOHAYAIbHBIA MPOTHO3
ee TMPOJOJDKUTENLHOCTH — 18 JHeW) ocraBajcs B CWJe W TOCJIE MEpPBOro OPUIIMAIBHOTO
U3BEIIeHUsT 00 M3MEHEHUX TUIaHOBBIX cOpocos 21.05.2010 r. ¢ 21.05. mo 1.06.

b.4. Tlocne BTOpOro oQuIMAILHOTO HM3BEIICHHUS 00 YTOYHEHHH IUIAHOBBIX COPOCOB
2.06.2010 r. ObUT YTOYHEH MPOTHO3 MOJOBOJbS BIUIOTH O €r0 OKOHYAHUsS B JenbTe Bonru
24.06.2010 r. (puc. 3). Anroput™m 3THUX YTOYHEHHUH u3noxkeH B nn. b.5 — b.7. Ilpu stom kak
aHaJIoT MCIIOJIb30BaAJIOCEH N0JI0BOALE 2008 T.

B.5. Tlo nannpIM Onmxkaiiiero monoBojabs-aHanora (2008 r.) cTpoutcs 3aBUCHMOCTH
CYMMAapHBIX pacxo/10B Bojbl y c. Bepxuero Jledshxbpero ot copocoB Bonrorpanckoit 'DC mis
¢da3bl pe3Koro cmajga TMOJOBOJbS C Y4EeTOM CABHXKKH TIO BpeMeHH Ha 7 aHel (puc.2) u
anmpoKCUMHUpPYeTcs crutaiitHamu B EXxcel.

b.6. Ilo naHHBIM O TPOTHO3HBIX IIOJIOBOJAHBIX COpocax IO 3TOH 3aBUCHUMOCTH
pacCcUMTHIBAIOTCS 3HAUEHUSI €XEIHEBHBIX pacxo/0B Bolbl y Bepxuero JleOspkbero Ha crane
MOJIOBOJTHBIX COPOCOB HAYWHAS ¢ 8-T0 [IHS TOCTE OKOHYAHHUS PHIOOXO3SIICTBEHHOUN IMOJIKU
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cOpocoB 1o 8-if JeHb MOCIE OKOHYaHUS PE3KOr0 CHMXKEHUS IIO0JIOBOAHBIX cOpocoB. B
nocyenyomue 4 qHs IPUHUMAEM TEHICHIUIO 3aBEPILICHUS [T0JIOBOIbS KaK B TOAY-aHAJIOTE.
b.7. Ilo naHHBIM O IIPOTHO3HBIX EXEIHEBHBIX pacxoJax BOAbl y cC. Bepxnero
JleOsxpero 1o  QgopmysiaM, anIpPOKCUMHUPYIOLIUM 3aBHCHUMOCTH YPOBHEM BOJbI Ha
runponorndeckux nocrax (I'Tl) B nenbre Boaru ot pacxonoB Boxsl y ¢. Bepxuero JleGsxbero
(puc. 4), paccuuTblBaéM €KEAHEBHbIE YPOBHM BOJbl Ha 3TUX II0CTaX B TEYEHUE
IIPOTHO3UPYEMOTO TOJIOBO/IbS M CTPOSITCSA CKOPPEKTUPOBaHHBIE ruaporpadsl (puc. 5).
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BeiBoasbI

Pa3paboTaHHbIil METOA MPOTHOCTUYECKOTO pacyeTra TUAporpadoB CTOKA U YpOBHEH
BOABI B jenbrTe Bomrm ampoOupoBan Ha mnpumepe monoBoabs 2010 r. OTkiIoHEHHS
paccuMTaHHBIX MMPOTHO3HBIX YPOBHEH BOJBI OT HAOIIOJEHHBIX HA MOCTaX B JIenbTe Bonru mo
CKOPPEKTHPOBAHHOMY BAapHaHTY MPOrHO3a HA OCHOBHOM IPOTSKEHUU TOJOBOIbS JIeXkKaT B
npenenax 5-10 cM u JuIIb B OTAETbHBIC JHU Ha (aze MoabeMa MOJOBOJbS HAa OTIEIHHBIX
noctax (I'TI 3enenra) nocturator 10-15 cm. Takue pacdeTsl MOTYT MOCTY>KUTh OCHOBOM JIJIst
BBIPAa0OTKM M CBOEBPEMEHHOTO MPHHITHS PEIICHHH IO ONTHMH3AIMH HCIOIb30BAHUS
BOJIHBIX PECYPCOB, IPEIYNPEKACHUS U 3alIUTHl OT HABOJAHEHUN U MaJIOBOJIUH B JEIBTE.
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Abstract

The main objective of this study is morphodynamic deformation assessment of Miankaleh Sand
spit peninsula which origin from the forces of Caspian Sea water level changing and anthropogenic
activities. Morphodynamic deformation conditions evaluation of the studied area is based on
compiling and processing of aerial photos related to a 40 years period of times (1965-2005) including
2 periods of expanded Caspian Sea - level rise and down. Then in order to study the position of
sedimentary morphodynamic subunits, we conducted observational works around eight transects in
direction of southern northern from extremity of western to eastern of mentioned area and after taking
some samples of sediments, their granulating was controlled by laboratory operations. Results show
high vulnerability at the end of eastern regions near Ashooradeh peninsula where there is an
interaction with Caspian rapid sea level changing. In the direction of west, marining strength of littoral
regions in Miankaleh Sand spits declines gradually. On the other hand, erosive vulnerability
conditions have increased at the end of western regions of Miankaleh due to some human activities
and developments like harbor construction and economical efforts (power plant, ship building, oil and
gas). The Sand spits, marginal wetlands, coastal lowlands, erosive terraces, bays and erosive canals, in
addition to Sand dunes which presented as the most important morphodynamic features, depend
completely on natural and humanity process for expanding and developing.

Introduction

The susceptibility of coastal lowlands, which affected by climatic process, water level
changing of oceans and seas and impacts of anthropogenic activities, is very high. So that the
ecological and morphodynamic characteristics of these regions become involved in a critical
vulnerability due to the function of sea water level rise and down periods. In fact, slight slope
of lands behind coast which have negative and reverse direction as compared with coastal
berms, provide favorable conditions for marining on the occasion of water level rise and
coastal aquifers piezometric level rise. Consequently, marginal wetlands appear. In view of
biodiversity in these areas, habitat value and significance for conservation objectives is
strongly considerable. Miankaleh wetland has such environmental importance so that
according to the defined criteria by international union for conservation of wetlands has
presented as a protective area (Ramsar, 1971). The connection of this basin and Caspian Sea
is established via marginal canals. Usually in the case of water level rise, vast parts of littoral
zones could be submerged then territory of Miankalen wetland will expand. The main
question of this study is the impact assessment of natural and anthropogenic factors on
morphodynamic deformation in Miankaleh lowland area. Environmental and erosive
vulnerability conditions of this area have increased because of Low and reverse slope sandy
shore, Caspian rapid sea level changing and hydrodynamic forces from it, furthermore
economical efforts expansion (fishery, port, oil and gas, tourism, power plant and
construction). The results of several surveys prove that this coastal significant area of Caspian
Sea has permanently been impressed by environmental forces of Caspian Sea level changing
throughout the Quaternary geological history (Khoshravan, 1995). Hence current
morphological appearance is depended on hydrodynamic forces and Caspian Sea water
fluctuations (Khoshravan, 2000). With the comparing the shoreline transpositions of Caspian
Sea south- eastern coastal parts on the region between Torkaman and Gomishan ports in 40
recent years, we can find out the replacement rate and morphological deformation of Caspian
Sea slight slope coasts along with rapid fluctuating periods (Khoshravan, 2002). Furthermore,
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it is proven that the wide sandy area evolved from flows parallel with coast in direction of
west to the east throughout recent several thousand years (Kosari, 1995). Survey about native
and immigrant bird biodiversity of mentioned wetland in addition to the benthic and fishes,
show precious habitat value and excessive bio susceptibility of this area (Kosari, 1995).
Recent accumulation of trading and commercial efforts in ports, water effluents from city and
village communities and leading industries, solid waste disposal, toxicant concentrations
generated from fertilizers and pesticides, is the main cause of increasing environmental
vulnerability rate around Gorgan bay and Miankaleh wetland (Moghadam, 2004). Therefore,
this study aims to assessment of morphodynamic deformation which effected by both sea
water level changing and anthropogenic activities in Miankaleh peninsula. To achieve this
main goal, we have identified precisely the recent sedimentary morphodynamic characteristics
of studied area. Then we have simulated the structural reaction encounter with the mentioned
agents by taking advantages of aerial photos processing and field observations.

The area under study. The slight slope and lowland, Miankaleh is located on the
south — eastern regions of the southern coasts of Caspian Sea in the lengthwise direction
around a canal between Torkaman port and Ashoradeh peninsula where is adjacent to the
Amirabad port (fig.1). It is situated in the widthwise direction between Gorgan bay and
Caspian Sea. Y

Google

9 o
Imagery Dates: Dec 4, 2002 - Oct 20, 2006 4" N 6"E _elev -93 Eyealt 37.89 mi

10.99.mi

Fig.1. Study area location
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This area is expanded as a sandy spit in the direction of western, eastern along with the
Caspian Sea shoreline. The length is about 70 kilometers and the width is about 2 kilometers.
There is one of the most important Caspian Sea ports (Amirabad port) in the western parts of
this region. Also Ashoradeh peninsula, in the end of eastern parts, is considered as a main
center for the sturgeons fishing. The aqueous connection of the Gorgan bay and Caspian Sea
is feasible via marginal canals such as Ashoradeh and Khozeini canal. The vast regions of
Miankaleh area is covered by maritime sandy sediments which appear in the intercalation
shape of the microlithic and adhesive wetland sediments. This kind of sediments is seen in
central parts of peninsula that contains lots of mussels. Also, the eastern parts of Miankaleh
include sedimentary wetland environment and middle part where is concentrating location for
the majority of the aquatic organism.

Methods. After collecting required data and documents on coastal modification impact
on the low land of Miankaleh from research centers and organizations, we surveyed in detail
several references obtained from cross- referencing in papers and from internet researches.
Then primary familiarity with studied area was taken place from the viewpoint of natural
geology and environmental attributes. Thereafter, morphologic features and widespread
morphodynamic phenomena conditions of this area were assessed with applying of satellite
images (Google earth). Simultaneously, field observations and sampling transects were
determined (Fig. 1). Sedimentary morphodynamic structure condition of the area in the
direction of vertical to shoreline between Gorgan bay and Caspian Sea was sampled and
measured by field works conducted around eight transects where it was chosen in lengthwise
direction of Miankaleh. Moreover, to determining the impact of anthropogenic activities on
geometrical structure and sedimentary morphodynamic along with 3 stations around
Amirabad port, needed measurements were performed in western, central and eastern sections
of coastal area. After preparing of sedimentary samples in the laboratory and accomplishing
some required examinations, we analyzed the characteristics of sediments texture from the
viewpoint of particle size and distribution thus related sedimentary environment.
Subsedimentary environments and shorelines around peninsula were assigned by transferring
data to the geological information system (GIS) and putting down them on digitized map. The
transpositions of shoreline and submergence of coastal lands were verified by Interpreting and
comparing of aerial photos belonged to a 40 years period of times (1965-2005) in a scale of
1:10000 which contains both water level rise and down conditions. After that, we achieved to
identify vulnerable regions towards Caspian rapid sea level fluctuations. Finally bioecological
conditions and the territories of paludic lowlands were assessed by comparing the
sedimentary subenvironments in both Caspian Sea water level rise and down.

Results

* Morphodynamic and morphological features of Miankaleh

The aerial photos processing and field works conducting around eight measurement
transects (Table 1) specify that Miankaleh Sand spit possess morphologic sub-strata and
sedimentary sub-environments in the direction of west to east.

* Morphodynamic structure transposition

The consequences of processing and comparing the aerial photos of Miankaleh coastal
regions in a period of times (1965-2005) which contained Caspian Sea water level rise and
down phenomena, show different dislocation of Miankaleh peninsula shorelines in western,
central and eastern parts. The scope of the coastal lands submergence in the situation of water
level rise has diverse features in the different regions. Besides the extension of coastal
morphodynamic features such as: erosive bays, connecting canals, wetlands and sandy spit
expansion happen more in the case of sea water level rise to sea water level down. In the time
of Sea transgression period, the growth of vegetable coverage is seen more in berms and
sandy dunes.
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Table 1: Sedimentary morphodynamic and morphological stratification of Miankaleh
sand spit

Miankaleh Sedimentary Morphodynamic
region sub-environments phenomena
Aeolian environments, Erosive terraces,
primitive berms, beach cusps,
Western part wetland fringe, sand dunes,
shoreline, primitive beach and
wetland band beam, fluctuation terraces
Gorgan Bay
Shoreline, wetland, Beach cusps
Central sand dunes, ripple marks,
part marginal canals, scattered sand dunes,
wetland fringe, strip pool pits,
Gorgan Bay sand spits
Eastern Marginal lagoon, Pool pits,
part primitive sandy beach, lagoon
Gorgan Bay

* Anthropogenic impacts on coastal structure deformation

The evaluation of geometric and morphodynamic structures in sandy spit western parts
of Miankaleh around the 3 measurement stations in the west direction to the east of Nekaroud
embouchure to the end of Amirabad east part, confirms the erosive phenomena enlargement
produced by anthropogenic activities like ports, sheep building, power plant and related oil
and gas industries in centre of Miankaleh western regions (Table 2). So that shoreline has
been retreated to 900 meters in this part of Miankaleh and the growing trend of erosion
involves sandy dunes which caused coastal berms eradication. This event has influenced the
locations of 20 kilometer radius from west direction to the east. The most important
engineering constructions, which affected the erodibility of Miankaleh western parts, are
coastal break water obstacles, groins and coastal guard constructions.

Table 2: Geometric and morphodynamic structure characteristics of western coastal
parts of Miankaleh

Station No. Geographical position Morphodynamic features
X y
1 36,83575 53,22120 Delta, berm, sand dunes
2 36,85000 53,39999 erosive terrace, beach cusps,
destroyed sand dunes
3 36,86837 53,47748 sand bar ripple mark, small beach

cusps, sand dunes

Discussion

* Field observations and satellite images analysis

The conclusions from field observations and satellite images analysis indicated that
sedimentary morphodynamic and morphologic features of Miankaleh peninsula have specific
qualities as well as at the end eastern of Amirabad part to the central point of Tazehabad coast
adjacency in  Miankaleh sandy spit is formed of the Caspian primitive coastal sandy
sediments. The coastal profile from Gorgan bay to the Caspian Sea shoreline orderly contains:
lowland part of Gorgan bay with the dominant vegetable coverage of Xanthium shrubs and
filled with calcareous shell of mollusks (bivalve and gastropod). After that we reach the
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primitive sandy coast of Caspian Sea with an altitude code of -24 that embraced microlithic
sandy sediments and marine mussels (Cardium edule). This part of Miankaleh sandy spit is
covered by prairie, raspberry bushes and sour pomegranate. The surface of sandy sediments
dressed in dark brown colored soil whose thickness is about 10 centimeters. After the wide
area of primitive Caspian Sea berms, we arrive to the inactive sandy dunes which have
extensive vegetative coverage. In the next area, active and semiactive sandy dunes could be
seen. Ultimately, the coastal profile leads to a slight sloped beam which has reverse slope
towards coastal berm along Caspian Sea shoreline with the coverage of halophytes such
Xantium plants.

This kind of biomorphological state exists in whole of western parts of Miankaleh. In
fact, the morphological feature assessment of western parts of Miankaleh shows the function
of Caspian Sea water level rise excessive phases in the past whose altitude code is changed of
-24 to present -26.5. Coming a large amount of sandy sediments out of sea surface, is the
cause of sandy dunes formation. The widthwise expanding of sandy dunes territory is strongly
related to the vegetative coverage enlargement. Due to reduction of sandy sedimentary
substances, coastal berms deform to marginal wetlands in central parts of Miankaleh coast.
Faraway from shoreline, sand spits are formed by coast paralleled flows in west direction to
the east. At the back of these sand spits, strip wetlands have been created with the average
depth of 1.5 meters. The accumulation of vegetative coverage and the permeability of coastal
lands in this area have been caused the decrease and dispersion of sandy dunes in Caspian Sea
primitive coast. On the other hand, marginal basins such as wetland appear strongly in eastern
slight sloped parts, while coastal sands have been disappeared. Submergence situation of this
part of Miankaleh coast has been so fragile that a vast part of this area has sunk since 1978
when Caspian Sea water level has increased 2.5 meters up to now. Consequently; Khozeiny
canal and aquatic connection width between Gorgan bay and Caspian Sea has been
developed. One of the morphodynamic features of this area is the creation of erosive bays in
south- eastern part of Miankaleh. The penetration of sea brine is the cause of salty land
generation in lowland around Gorgan bay. Salty crystals appear in the mentioned salty lands
at aridity time. Therefore Miankaleh contains 3 morphological features; coast, intermediate
and wetland in direction of west to east. The erosive vulnerability in the edge of Miankaleh
sandy spit is increasing from west to east.

e Comparing of the aerial photos analysis conclusions

The result comparisons of aerial photos processing during 40 years (1965- 2005) which
include two important Caspian Sea water level rise and down phases, prove deformation
manner of Miankaleh sandy spit related to Caspian Sea water level changes. The collected
data from limnograph stations show about 3 meters depression in sea water level from 1940 to
1979, whereas; Caspian Sea water level has got a rapid rise about 2.5 meters from 1979 to
present. The examination of morphodynamic deformation rate in Miankaleh coast indicates
that erosive vulnerability mostly exists close to the eastern regions between Torkaman port
and Ashooradeh in the mentioned times. The slight slope of this region helps speed rate of
marining and generally morphological features have been changed seriously as connecting
canals (Khozeiny) and wetlands widthwise have been developed.

Morphodynamic deformation rate is more expanded in eastern parts in compare of
western parts in as much as the shoreline has moved only 60 meters up to now. In
consequence, marining is seen fewer in western parts. In the case of sea level regression,
raspberry bush lands and sour pomegranate shrubs are expanded through the berm, however;
owing to the water level rise and soil salinization, the mentioned vegetative coverage are
destroyed and the bodies can be found under sediments. Meanwhile it is proven that the most
Vulnerability towards sea water level rise seems from the end of eastern to central part of
Miankaleh peninsula. Other regions have fewer vulnerability risk.
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* Anthropogenic impacts on erosive vulnerability

Port constructions, groins building, coastal break water obstacles, coastal guard
constructions, land surfacing and sand takings, increase erosive Vulnerability in western parts
of Miankaleh close to the multipurpose Amirabad port. Actually Amirabad port (in the end
western part) and Ashooradeh peninsula (in the eastern part) are affected more by
anthropogenic activities. In addition; erosion phenomena has been seen more in Amirabad
free zone in compare of eastern parts of Miankaleh. The rest area of Miankaleh is under
protection with no human access and damages. The measurements of geometrical structure in
western coast of Miankaleh indicate that quay and coastal break water obstacles induce
radically berm deformation and shoreline strike deviations (Table 2). There is sedimentary
accumulation in west of Neka power plant (station No.1). To the west, the affection of coastal
flows causes coastal disruption and erosion of central parts (station No.2). The main
morphodynamic features, which have been obtained from human activities, are known as
appearance of vast erosive terraces, developed crescentic beach cusps and disappearance of
berm and sandy dunes (station No.2). Dramatically the effect of constructions on coast is
reduced by going far from central part (station No.3). Actually the impact of marine
constructions is caused the movement of shoreline about 900 meters exactly in central
regions. Therefore the western coast of Miankaleh is vulnerable and dangerous in view point
of anthropogenic activity expansion. Finally because of gentle slope in littoral zone which
generated by coastal break water obstacles and quay, provide artificial condition of coastal
land submergence.
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AHHOTaNUsA

Paspaborana BosiHO-0anaHCcOBasi MOJIENb YCTHEBOTO B3MOPhs pek Bonru u Ypana - CesepHoro
Kacrms. B xauecTBe OCHOBHBIX pPacUeTHBIX MPOCTPAHCTBEHHBIX DIIEMEHTOB B HEW BBIJCICHBI TPU
gactu CesepHoro Kacmus: 1) oTmenas 30Ha ycTheBOro B3Mopbsi Bosru, 2) rimyOokoBomHas 30Ha
3anagHoi yactu CesepHoro Kacmms, 3) Boctounas dacth CeBepHoro Kacrusa. BomHo-OanancoBas
MOJIeNIb, TIO3BOJIIET PACCUUTHIBATH COCTABJISIFONIME BOJHOTO OanaHca sl OTICNbHBIX YacTei
Ceseproro Kacmmus. Kak pesynerar BomooOMeHa ompenensiercss oTTok u3 CesepHoro Kacnust B
Cpemunit Kacnmit. C momormipio BomHO-OanmaHcoBoir mogenn CeepHoro Kacmus paccumransl
M3MEHEHHUS] OCHOBHBIX COCTABIIAIOIIMX €r0 BOJHOTO OalaHca MO Pa3iMYHBIM THUIOBBIM CIICHAPHUSIM
(xapakTepHBIM TOJaM IO CTOKy p. Bonru). Brepsele mnpoaHanM3WpOBaHBl MPOCTPAHCTBEHHO-
BpEMEHHBIE 3aKOHOMEpPHOCTH THepepacnpeneneHuss B CeBepHoM Kacmum 00beMOB Boabl TOJ
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BIUSHHEM pPEYHOTO CTOKAa M TMOTePh BOJBI HA HCIApEHHE, OCAagKOB C YYETOM W3MEHEHUil
TUAPOJIOTHYECKOTO  pekmMa peku  Bomrm, ¢donoBoro ypoBHs Kacmumiickoro Mops u
METEOPOJIOTUIYCCKUX YCIOBHIA.

BBenenne
OcHoBHas IPUXO/IHASI COCTABJISIFOIIAS B BOJHOM Oayance Kacmuiickoro Mopst 3T0 CTOK
peku Bonru. OcHOBHas pacxoiHasi cocTaBisiomas — wucnapenue. VX cooTHolleHueM

OTIpe/IeIISIeTCSl CE30HHOE U MHOTOJIeTHEe U3MEHEeHHe 00beMa U ypoBHs Bojbl B Kacnuiickom
Mope. Ctok Bonru cocrasisier 80 - 85% cymMMapHOTro pe4HOro cToka BOJIbl, OCTYHAIOIIETO B
Kacnmiickoe wMope, u okono 65% TpUXOAHOW 4YacTH €ro BOAHOro OarnaHca.
(I'mnpomereoponorus u rugpoxumust Mopei, 1992). OH urpaer JOMUHUPYIOLIYIO POJb B
M3MEHEHUX BoaHoro 6ananca Kacrmiickoro mops u ocobenno Ceeproro Kacnus (CK).

BaxHoii, moka emie Mano pa3paboTaHHON TPOOIEMOi SBISETCS OICHKA MEKIOJJOBOU H
BHYTPUTOJIOBOM JIMHAMUKH TiepepacnpezeneHuss o0beMoB Boiukckoi Boabl B CK u
noctyrmienus ee B Cpegnuit Kacniunii ¢ yuetom notepb Ha BUAMMOE ucnapenue. s pemenus
3TO mpoOseMbl pa3paboTaHa BojaHO-OanancoBas Mojaens CK u ¢ ee moMomibpio paccYrTaHbl
[0 pa3au4YHbIM THIOBBIM CIEHApUsIM (XapaKTepHBIM T0/JaM) W3MEHEHUSI OCHOBHBIX
COCTAaBJISIONIMX €ro BOJHOro OanaHca. BmepBble mpoaHaNIM3UPOBaHBI MPOCTPAHCTBEHHO-
BpEMEHHBIE 3aKOHOMEpHOCTH Tiepepactpenenenus B Cesepnom Kacnmu 00beMOB BOJIBI 11O/
BJIIMSHHEM PEYHOIO CTOKA M TOTeph BOJABI HA WCIAPEHUE C YYETOM HM3MEHEHHI
THIPOJIOTUYECKOTO pekuma peku Bonru, ¢onoBoro yposus Kacmmiickoro wmops wu
METEOPOJIOTUYECKUX YCIOBUM.

Boano-6anancosasi moaenb CeBepaoro Kacnmsi

Cesepnoii rpanuneii (CK) cioyxut mopckoit kpait nenbtel Boiarn (MKI), rpanuna
Mexay CK u Cpennum KacnimeM mpoxXoAuT mo JMHUM, COeAUHAIONIEH 0-B UeueHb ¢ MbICOM
Tro6-Kaparan (puc. 1). [Tnomaas CK  npu otmetke -27 M BC coctasnser 104,6 Thic. KM,

pu otmeTke -28 M BC — 90,1 ThIC. kM, a npu orMmetke -29 m bC — 71,9 ThIC. KM’ (boxros,
Kpacnoxon, Jlro0ymun, 2007). AxBatopus CK mnonpaznensercs Ha ABE KpyNHbIE YacTH:
3aMagHyl0 M BOCTOUHYIO. 3a TpaHUIly MEXAYy HUMHU NpuHATAa JUHHUS OT J[>kambaiicko-
HoBunckux octpoBoB Ha ceBepe (Boctounee MK/I) 1o ceBepHOi okoHeuHOCTH 0-Ba Kynainsl,
no o-By Kynassl, oT ero roHoi okoHeYHOCTH 0 Mbica Tro0-Kaparan. B 3amagnyto wyacte
CK noctynaer ocHOBHOM 00beM cToka Boiru, mosToMy HpakTH4YEeCKH BCS €€ aKBaTOPHS
npeacTaBiser codoi yereeBoe B3Mopbe Bonru (YerseBas obnacts Bonru, 1998).

B coctaB ycTeeBoro B3mMopbst Bonru Bxoaut oOummpHas otmenas 3oHa (O3) miomaabio
okomo 10000 kM, npumslkaromas kK MK/I. Ee npotsbkennocts or MK/I 1o cBana riryoun (Ha
uzorurce -30 M BC) cocrapnser 35-60 kM. YacTte akBaropuu CK, pacrnonokeHHYIO K 0Ty OT
cBasia ryouH O3, rpaHUyYanIylo Ha BOCTOKe ¢ BocTouHOH yacThio CK onpenenumM TepMHUHOM
«ryookoBoaHas 30Ha 3anagaHoi yactu CK» (I'3Y). Ee roxxHas rpanuiia COBnajaeT ¢ XHON
rpanuneit CK. Takum oOpazom, oOmias ruromanp 3amagHoil wactu CK ckiagbiBaeTcs u3
mwromaau O3 Ha ceBepe u miomanu ['3Y Ha rore.

s BogHO-OanaHcoBBIX pacueToB miomans CK Obuta pasmeneHa Ha TpH 4acTH,
BbIIEJICHHBIE C Y4€TOM MOP(OMETPUUYECKUX M TUAPOMETEOPOJIOTrHUYECKHX OCOOEHHOCTEN
(puc. 1): 1) O3 - ee miomans coctarisiet 0,1 ot mnomanu CK, cpenHsis riryOrHa COCTaBISET
B COBpeMeHHBIX ycnoBusx 1,5-2,0 m; 2) I'3Y - ee mmomans coctasmusiet 0,38 ot utomaan CK,
cpenusisi rmyOuHa coctaBiser 6-8 M; 3) BY - ee mnomaas cocrabnser 0,52 ot momanu CK,
cpeaHss riyOuHa cocTaBisieT 4 — 5 M.
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Puc. 1. Cxema CeBeproro Kacmus ¢ BbIIETIEHHBIMH YacTSIMHA Pa3HOW TTyOWHBI M UX TpaHUIaMH. 1 —
cpenuss riayouHa 2-4 M, 2 — cpenuss rinyouna 6osiee 6 M, 3 —rpanuna CK, 4 — rpanuiia BOCTOYHOMH
gactu CK, 5 — rpanuna orMenoi 30HbI YCTHEBOI0 B3MOPbs Boiru

Bonno-6anancoBass Mojenb, I03BOJIIET PACCUUTHIBATh COCTABIIAIOLIME BOJHOIO
Oamanca g otnenbHbIX yacteii CK um pemaer ypaBHenwe BoaHoro Oamanca (1)
OTHOCUTEJIBHO BOIHO-0aJIaHCOBOI0 OTTOKA M3 KOHKpeTHOH yactu CK:

Wor =Wy +Woe =Wy =AW, 1)
rne W,, — o0bem oTToKa Bosibl U3 cooTBeTcTBYMomel yact CK, W,, — 06bemM npuToka Boibl
B cooTBeTcTBYIOIY0 YacTh CK, W,. — 06beM 0casikoB Ha MOBEPXHOCTb KOHKPETHON 4acTU

CK, W,. — norepu BOABl Ha HCIapeHHE C MOBEPXHOCTU KOHKpeTHoW yactu CK, AW —

u3MeHeHne oobeMa Bozbl B KOHKpeTHoM yactu CK. Bce cocrapinsromniye BogHOro GanaHca
IIPUBEJICHBI B kM. B ypaBHeHue (1) He BKIIOYEH NPUTOK (OTTOK) MOA3EMHBIX BOJ U3-3a
cJ1ab0# THIPOre0IOTHYEeCKOi N3yYeHHOCTH pailoHa ¥ Majlo 3HAYUMOCTH 3TOM BEIMYHUHBI 110
CPaBHEHUIO C JIPYTUMHU COCTABJISIOMUMH BoJIHOTO Oaanca yacteit CK.

[To nanHbIM HaOmoneHMH 3agaercs o0beM mpuTOKa Bojabl peku Bomrm x O3. On
CKJIa/IbIBAaeTCsl U3 00beMa MPUTOKA B BEPIIMHY JENbTHI 32 BBIYETOM O0BbEMA CYMMApHBIX

notepb Bojabl Ha Buaumoe ucnapenue (W,.-W,.) Bo Bcex paifonax nenstsl (ITomonckuid,

OctpoymoBa, 2005). Takxke 3amaerca o0beM MpUTOKa BOAbl peku Ypan k BU. Bonwbiid
0ayaHC PacCUUTHIBAETCS 3a MECSUYHbIE HHTEPBAJIbI BPEMEHHU.

TmarenbHblli  aHaNM3  JAHHBIX  POCCHUMCKMX M Ka3aXCTaHCKUX  MOPCKHX
ruzponoruyeckux nocroB B CeBepHoM Kacruu mokasai, 4to ¢ HauOONbIIEH HaJEKHOCTHIO
cpennuit yposeHb CeBepHoro Kacmnus MoxeT ObITh pacCUMTaH Kak cpe/iHee apupMeTHIecKoe
U3 NoKa3zaHui noctoB o. Tronenuil, Jlaranp u @oprt Ulesuenko. [Tnomans Bcero CeBepHOro
Kacnus paccumThiBasIach IO 3aBUCUMOCTH IUIOIIAAEH OT YpOBHsS MOpsi, nosrydeHHou P.B.
Huxkonaesoii (bosros, Kpacuoxown, JIroGymms, 2007). OTa 3aBUCMMOCTb anmpoOKCUMUpPOBaHA
B BO/IHO-0aJIaHCOBOM MOJIENIN MOJIMHOMHAIBHBIMU (DYHKIHSMHU.

Akkymymnsamuss Boabl B Kaxkaod w3 yacred CK 3a Mecsl pacCUMTBIBAETCS Kak
IIPOU3BEJICHNE CPEJHEr0 MECSYHOTO 3HAYEHMs IUIOIAAM COOTBETCTBYIOUIEHM YacTH  Ha
pa3sHOCTh (POHOBBIX YPOBHEH BOJbI, BBIYMCICHHBIX Ha KOHEIl M Ha Havajo mecaua. CpeaHue
MECSYHBIC YPOBHH BOJIBI /TSI OIIEHKH M3MEeHeHUH 00heMoB BoJibl B O3 Opamuck mo MI'TI o-B
HckyccrBennsiii, B B4 - mo MI'TI ®@opt IlleBuenko, B I'34 - no MI'TI o-B Tronenuit. s

OILIGHKH COCTaBIisitoieid BogHoro Oamanca W,. HCHOJB3YIOTCS MECSYHBIE CIIOM OCAaIKOB,
HU3MEpeHHbBIC Ha MeTeoposiorudeckoit craniuu (MC) 3enenra.
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I[HSI OLICHKHU COCT&BJISIIOH.[GFI WHC no MCCAYHBIM 3HAYCHUAM MCTCOPOJIOTHUCCKHUX

anemeHToB MC 3enenra 1 MOPQOMETPUUECKUM XapaKTepUCTHKaM BblieleHHbIX yacteir CK
PacCUMTHIBAIOTCS MECSYHBIE CJIOM HCHApeHHsT C BOJHOW IOBEPXHOCTH IO METOJaM,
peaIn30BaHHBIM B OPUIMHAIBHOM KoMmbioTepHOH nporpamme (Octpoymosa JLII., 2004).
OO0beM moTepb Ha MCHApEHHE PaBEH IMPOM3BEICHMIO CJIOS MCIAPEHUsS Ha IUIONIaab BOJHOMN
noBepxHocTu otaenbHbIx 4dacTeir CK. Bce BomHO-0anaHCOBBIE pacdeThl BBHIMOIHAIOTCS B
aneKTpoHHbIX Tabmmiax Excel. [ns BapuanTHbIX pacyeroB BogHoro Oananca CK ¢ yderom
ero palfoHMpOBaHUSA HaAMH ObUIM OTOOpaHbI 4 rojia, KOTOPBIE OTOOPAXKAIOT MIMPOKHUNA CIEKTP
ycinoBuil opmupoBanus BogHoro 6ananca CK (puc. 2).
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Puc. 2. OcHOBHBIE XapaKTEPHCTHUKH BBIOpDAHHBIX CIIEHAPHEB JUIsl pacueTa BOJHOTO OanaHca
Ceseproro Kacmus npu pa3nuyHbIX OTMETKaX YpPOBHS MOps: &) MeCS4YHble OObEMBI CTOKA PEKH
Bouru, b) cpennue yposuu Ceseproro Kacrms (H, cM Hag Hynem noctoB -28 M BC), C) mecsuHbIe
00beMbl cTOKa peku Ypai, d) MecsuHble 00bEMbI €CTECTBEHHBIX MOTEPh BOJbI (MCIIAPSHUE C BOHOM
TTOBEPXHOCTH).

IIpocTpaHcTBEeHHO-BpeMEeHHAA U3MEHYNBOCTH COCTABJIAIIIUAX BOJHOI0 0alaHca

[Ipoananmmu3upoBaHbl pacueTHbIe crieHapuu BogHOTO Oanmanca CK 3a mamoBomubrit 1977
r. (00beM ToJOBOrO CTOKAa B BEpIIMHE AeNbThl Bonrm 198 KM3) A MHOTOBOIHBIA 1979 r.
(o6Bem TogoBoro croka 319 KM3) - Ha (aze Hayama pe3Koro nmoabema ypoBHs Kacrmiickoro
Mopsa. ManoBoausiii 2006 r. (0o6semM romoBoro ctoka 205 KM3) u MHoroBoauslii 2005 T.
(o6veM TomOBOTO CTOKa 289 KM3) — Ha (pa3ze COBPEMEHHOTO BBICOKOTO CTOSIHUS YPOBHS
Kacnuiickoro mops. [Iputok Boas! u3z Bonru B CK paccuuThiBaicst Kak CTOK BOJBI B BEPIITHHE
nenbThl Bonru 3a BeiueToM moteps Boabl B ee nenbTe (OctpoymoBa, @aneesa, 2007). Cioun
ucnapenus Boabl ¢ nosepxHoctu CesepHoro Kacnus 3a rog B 1977, 1979 rr. u 8 2005, 2006
rr. coctaBiusaoT 870 mMm, 886 MM m 878 MM m 893 MM cooTBeTcTBEHHO. BHyTpm ronma
MECSYHBIE CTIOM UCTIApEHUs] U3MEHSIOTCSA OT HYJs 10 HECKOJIBbKUX MM 3uMoi u 1o 140 — 160
MM JieToM. Paznuune 06beMOB MOTeph BOJBI Ha UCHApEHUE B ATU Maphl JIET 00YCIOBIEHBI,
KaK KJIMMaTHYECKUMHU OCOOCHHOCTSIMHU, TaK U B HAaMOOJbBIIEH CTEIIEHU pa3IU4ueM TUIOIIaaei
BojiHOM moBepxHOocTH CK u cocraBisitoT 66 KM3, 74 xm° u 94 KMS, 92 KM® COOTBETCTBEHHO
(Tabm.1).
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Taoanna 1
I'omoBoit BoaubIN Oamanc CeBepHoro Kacrus 3a XxapakTepHbIE TObI, KM®
mpu Hep =-29 m BC (1977), Hep = -28,5 M BC (1979 rr.) m Hep = -27 m BC (2005, 2006 rT.)

1977 1979 2005 2006
CTOK BOJbI Bonrn 195 313 284 202
CTOK BOJIBI Ypaia 2,9 7,8 9,6 2,8
OCaJKH 8,8 13,0 20,9 21,4
HCTIapeHue 65,6 73,9 94,3 91,6
AKKYMYJISITUS -3,5 21,6 7.9 -19,8
oTTOK BoJbI B Cpennumii Kacmmii 145 238 212 154

O6meit ocodenHocThiO A7 Beex yacteid CK BO Bce rojibl SIBISETCS aKKyMYJISILIASI BOJIBI
B TIOJIOBOJIbE M Cpab0OTKa 00bEMa BOJIBI ITOCIIC TTOJIOBOIbS B MIEPHO]] MOBHIIICHHOTO HCIIAPCHUS
(puc 206). 3a xapakTepHble TOABI pPe3ydbTaThl pacueTa MPHUXOAHON COCTaBISAIOUICH U
COCTaBIISIONIEH OTTOKAa (BOJOoOOMEHAa) BoaHOro Oanmanca dacteit CK W ux BHyTpuTrOomoBas
M3MEHYUBOCTb MPEJICTABICHBI Ha PUCYHKaxX 3 - 4. BaxxHoil 0cOOEHHOCTBIO BOJHOTO OasiaHca
BocrouHoii yactu CK sBnsercs To, 4To M3-3a AedUIMTa CTOKA p. Ypaldl — MPUXOJHOU
COCTaBIISIONICH, MOAABIAIONIYI0 YacTh Toja MPOUCXOAUT BOJHO-0ANAHCOBBIA TEPETOK B
BOCTOYHYIO yacTh U3 3anaaHoi yactu CK (orpunarenshsiii orTok n3 BY).

a d
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Puc. 3. V3meHenue mpuxoHOi cocraistomieii Boguoro 6amanca (W, =W, +W,.) u Boamo-

6amancooro orroka (W, ) B pasnuunbix gactsx Ceeproro Kacmust B ManoBoasbie 1977 u 2006

ToAblI: a, d — ormenas 30Ha, b, € — BOCTOYHAas 4aCTb CK, C, f- FJIY6OKOBOI[Ha$I 30Ha 3aIaHON YacTh
CK
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Puc. 4. V3mMeHeHnune npuxoiHO# cocraisitonieii BoxHoro Gamanca (W, =W, +W,.) n Bogxo-

6amancoBoro ortoka (W, ;) B pasmuunbix gactsix CeBeproro Kacmmst 8 MHOroBoansie 1979 u 2005

rozel: &, d — oTMenas 30mHa; b, € — Bocrounas wacte CK; C, f - rimybGokoBoHAs 30HA 3amajHON YacTh
CK

B ormenoil 30He ycTheBOro B3MOphsi Boarm Bcerja JOMUHUPYET TPAaH3UT BOJDKCKOM
BOJIbI — OTTOK HE3HAYUTENIPHO OTJIMYAETCA OT MpUTOKa. B riayOOKOBOIHON 30HE 3amagHOM
gactu CK B TeueHHe BCero roja JOMUHUPYET TPaH3UT BOJDKCKUX BoJ B CpenHuii Kacnuii, a B
MaJIOBOJIHBIE TOJIBI B MECSIIBI C TOBBIIICHHBIM HCITAPEHUEM W TIOHM)KEHHBIM CTOKOM OTTOK
BOJIbI MOKET NMPHUOIMKATHCS K HYJIEBOMY 3HAYEHHUIO.

B ycnoBusix monmkenHoro ypoBHs Kacmuiickoro mopst okono -29 m bBC nmaxe B
YCIOBHSX MasloOBOAHOro 1977 r. mpu roloBBIX MOTEpPsAX BOABI Ha ucnapeHue B CeBepHOM
Kacum 66 KM® COXPAHSIIOCH COCTOSHHE DABHOBECHS OTHOCHTEIBHO MHOTOJNCTHHX
n3MeHeHnid ypoBHsi Kacnmiickoro mops. B mHorosogHom 1979 roay, mpu rogoBeIxX moTepsix
BOJBI Ha mcmapenue B CeepHoM Kacrmum 74 KM°, 9TO paBHOBECHE PE3KO HAPYIIHIOCH —
¢oHOBBIE  ypoBeHb Kacnmiickoro Mops Hayan MOBBIIIAThCSA. Pe3koe  yBennueHue
noctymieHus Boabl u3 CesepHoro B Cpemnuit Kacrmit co 145 kM° B 1977 T. mo 238 KM B
1979 r. Takxe mnoATBepkgaer dTo. I[Ipu COBpeMEHHOM BBICOKOM CTOSHHM YPOBHS
Kacnmiickoro mops oxomno — 27 m BC nipu cpeanem 3a nepuon 1999 — 2008 rr. cToke BOIbI B
BepIIUHE JenbThl Bonru paBHoM 261 kM B O COXpaHsieTCs KBa3UPaBHOBECHOE COCTOSIHHE
(hOHOBOTO YPOBHS MOPSL.

MexrooBeie KoeOanusi ypoBHsI MOps B nipezenax 0,2 M MOTyT ObITh BBI3BaHBI TAKUMU
pasnuuusaMu B TofoBoM nputoke Boasl u3 CesepHoro Kacnus B Cpeanmii Kacnmii xak 212
kM B 2005 MIpY TOJIOBBIX MOTEPSIX BOJBI Ha UcnapeHue 94 kM° 1 154 xkm® B 2006 T. npu
TOZIOBBIX MOTepsix 92 kM. VI3MEHYHMBOCTB COCTABISIONIMX TOJOBOTO BOJHOTO GaiaHca 3a
XapakTepHBIC TOIBI I OTAEIbHBIX yacTel CeBepHoro Kacnus npeacrasieHa Ha puc.S.
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Otmenas 30Ha (O3) — 30Ha TpaH3UTA BOIKCKOTO CTOKA, 00bEM MCTIAPEHUS 3HAUYUTEIIBHO
MeHbIlIe o0OBeMa CTOKa M oO0bema akkymyssiiuu. I[lpm otmerke ypoBHa -29 M BC
AKKyMYJIALIMS 371€Ch 3aBUCUT TOJIBKO OT cToKa Bouru, a npu ormerke ypoBHs -27 M bBC eme u
oT kosiebanuii ponoBoro ypoBHs Kacrmiickoro mopsi. B BU CK (puc 56) croka Boasl p. Ypan
M OCaJIKOB HEJIOCTATOYHO JUJISl TIOJICP>KAHMST YPOBHS BOJIBI PABHOT'O YPOBHIO BOJIBI 3aIaTHOM
yactu CK. ITo 3Toif mpuunHe oCcyImecTBIseTcsl IPUTOK Bopkckoro ctoka B B CK mo 31 - 35
kM° B O B MHOTOBOIHBIC TOIBI OQlIaHCOBOTO OTTOKA (W,;) B pa3smuuHBIX 4YacTsixX

Ceseproro Kacrmus B mMuoroBogubie 1979 u 2005 romer: @, d — ormernas 3oHa; b, € —
Bocrounas dacth CK; C, f - riybokoBoanas 3oHa 3amagHoii wactu CK u 25 — 27 KMS B
MaJIoBO/IHbIE ro/ibl. EcTecTBEHHBIE NOTEPH BOJIbI HA UCIIAPEHUE YBEIUYMINCH € 33,8 kv 1977
r. 10 46,6 kM® 2006 1. 1 ¢ 38,2 kM® B 1979 1. 110 48,5 KM® 2005 T

IIputok Bomsl B I'34, 3a BhiueTom orToka Boasl B BU CK, moka3an Ha pucyHke 5B.
Axxkymyssiiust Bogsl B BU u ['3Y oTpunaTenpHas B MaJIOBOAHBIC TOABI (B OOJBIIEH Mepe TIpU
MOBBIINICHHOM ()OHOBOM YPOBHE MODSI) ¥ MOJIOXKHUTEIbHAS B MHOT'OBOHBIC TOJIbI (B OOJbIICH
Mepe TpU TOHMXKEHHOM (POHOBOM ypoBHe Mops). Ortrok Boasl B Cpemnuit Kacrumit -
pe3yJIbTaT B3aUMOJICHCTBUS BCEX COCTABJISIFOIIMX BOJHOTO OajlaHCa PA3JIMYHBIX YaCTeH

Cesepnoro Kacnus (puc.58).
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10 Puc.5. Cocrapasiomue TrogoBOr0  BOIHOTO
60 15 -10,1| | OamaHca otaensHbIX yacTei CeBepHoro Kacrus
1977 1979 2005 2006 a) — oTMenas 30Ha; 0) — BOCTOUHA 4acTh CK; B)
— rmy0oKoBoAHAs 30Ha 3anaaHoi yactu CK

Pe3ynbraThl pacueToB COCTABIISIONIMX BOJHOrO OajlaHCa B TPEX BBIJCIEHHBIX YacTAX
Cesepnoro Kacnus ans mHorosoasoro (2005 r.) u manoBoanoro (2006 1.) B COBpeMEHHBIX
YCIIOBUSX MO3BOJIWIN BBISIBUTh 3aKOHOMEPHOCTH UX BHYTPUTOJJOBON M3MEHUYMBOCTHU:

. B orMmenoil 30HE YCTBEBOTO B3MOpbsS Boirm NTOMHUHHpYET TpPAaH3UTHBIA OTTOK
BOJKCKOM BOJIbI B TIIYOOKOBOJHYIO 30HY 3amagHoi yactu CK, B Hambosnbliel cTerneHu B
MHOTOBOJIHOM rofy. Ero BHyTpUrooBasi ©3MEHUYMBOCTh corjacyeTcs ¢ ¢opMoil ruaporpada
CTOKa Ha MOPCKOM Kpae HenbThl Bonrum. MakcumanbHble OOBEMBI HCHAPEHUS C BOIHOU
noBepxHoctu O3 B Mae — aBrycre cocrtaBisior 1,7 — 2 kM° B Mecs. MakcuMaibHbIe
MecsiYHbIe 00BEMBI AKKYMYJISILIMM BOJBI B TIOJIOBOJIHBIE MECSIIIBI B TOJIBI C Pa3HON BOJHOCTBIO
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conoctaBumsl (1,3 — 1,4 KM B Mmecsi). Cpabotka oobema Bogasl B O3 B JIeTHE-OCEHHUU
IepUOJI B MAJIOBOAHOM roly O0JbIlIe, Y4eM B MHOI'OBOJHOM.

2. B Bocrounoit yactu CK BogHO-0ATaHCOBBIA OTTOK BOJBI B TIYOOKOBOAHYIO 30HY
3anaaHoil yactu CK okazancs B 0OJIbIIYIO 4acTh roja OTPULATENbHBIM, T.€. BOJA IIOCTYIAET
u3 I'34 B BY. Ilpu nosbiuenHom nputoke Boasl B BU u3 p. Ypan orrok Boasl B I'34 B
MeCSLbl C YMEPEHHBIM HCIAPEHUEM BOJIBI MOYKET JOCTUIaTh MAJIbIX IOJIOKUTEIbHBIX
BenuuuH (0,3 KM® B anpesie 2005 r.). Ilpu nonmwkenHom nputoke Bojabl B BU u3 p. Vpan,
0COOEHHO B MecAlLbl C TOBBIILICHHBIM HCIApPEHUEM BOJbI, HPOMCXOJUT HauOoJbLIee
nocryruienue Boab! u3 '34 B BU (o 10 kM B mione 2006 r.). B neixom o0beMbl aABEKTUBHOM
cocTaBAmoniel BogHoro Oamanca BY s3HauutenpHo Menbmie, ueM g1 O3 u I'3Y, roe
JOMHUHUPYET BOJDKCKMM CTOK. MakcHUMallbHbIE MeECSYHble OOBEMbI MCIApPEHHsS C BOJHOMN
noBepxHoctu BY (okomo 9 kM° B aBrycre kak B 2005 r., Tak u B 2006 1.) MakcumanbHbIe
exXeMecsiuHble 00beMbl akkymyssinud B 1,7 paz B 2005 1. u B 1,3 pasza B 2006 roxy meHbie
sToro. BHyTpuronoBoe pacnpezneneHue OObBEMOB aKKyMyJSILUUM U CpabOTKM BOABI B
pa3iauyHble TOJbl HMMEET HEMOCTOSIHHBIA W CJIOXHBIM XapakTep B 3aBUCHMOCTH OT
BHYTPUI'OJIOBOIO pacnpejeieHus ctoka Boaru, Ypana, o0beMOB UCIapeHHs M OCAJIKOB Ha
aKBAaTOPUHU.

3. B rmybokoBoaHo# 30He 3anaaHoi yacTu CK B 00nblyr0 4acTh roja JOMHHHUPYET
TPaH3UTHBIA OTTOK BOJDKCKOM Bozabl B Cpennuit Kacnuii. B ManoBoaHblil rog B MecsIbl €
MaKCUMaJIbHbIM HCIApeHHEM BObl IOCJIE MPOXOXKAECHUS IMOJOBOAbS (MIOIb-aBIYCT) OTTOK
Boabl B Cpennuii Kacnuii nmpubnukaercss K HyJeBOMY 3HaudeHHIo, a B urose 2006 roma
CTaHOBHUTCS OTPHUILATENbHBIM, T.€. BO3MOYKEH BOJHO-OajmaHcOBBIM nepeTok u3 CpeaHero
Kacnusa B Cesepubiit Kacniuil. MakcuManbHblil MECAYHBIA 00bEM MCHAPEHUS PUXOIUTCS Ha
aBryct (okosno 6,3 kM kak B 2005 r., Tak u B 2006 r.). B rompl pa3HoOi BOJHOCTH
MOBBIIICHHBIE €XKEMECSYHbIe O00BeMBbl akKymyisnuu Boasl B [3U  cucremarmuecku
HaOII0AaI0TCs Tepe]l MOIbEeMOM, Ha MOJbEME M IHKE BOJDKCKOTO MOJOBONBA (4 — 2 kM° B
Mecsn). B neTHe-oceHHI0I0 MEXEeHb MPOUCXOaUT cpaboTka oObema Boasl 34 (o 2,4 KM B
ceHtsiope 2005 r. u 5,3 kv® B Hos0pe 2006 r). IIpuunHBl HEOJHO3HAYHBIX 3HAUYUTEIBHBIX
n3MeHeHu 00beMoB BoAbl B ['3U B 3uMHHE MecAllbl, KaKk 3TO HaAOII0IaIOCh B STHBape —
despaine 2005 u 2006 ro0B, TpeOYyIOT AaTbHEUIIETO YIITYyOJEHHOTO U3YyUSHHMS.

33 80:10011 81
o Coznmana BogHo-OanancoBas mozaens CeBepHoro Kacmusa (CK) u oTnenbHBIX €ro

yactel. [IpoBesieH YNCIIEHHBII dKCIEPUMEHT B MHOTOBOJHBIE rojbl 1979, 2005 rr. u
majnoBogubsie 1977, 2006 rr.

° Pacuersl ¢ mOMOIIBIO BOJHO-0AIAaHCOBOW MOJENH BBIABHIM  HalpaBlIeHHOE
MOCTYIJIEHUE BOJKCKOM BO/IBI B BOCTOUHYIO yacTh CK.

o [Tonyden BosiHO-0aaHCOBBIN OTTOK BOJIBI 3a XapakTepHble rojsl B Cpennuit Kacruii
3a MECAYHbIC HHTEPBAJIbl BDEMEHHU U 34 TOJI.

° B 4,7,8 mecsamax oTTOK B MaJIOBOJHBIC TOABI MPUOTMKACTCS K HYJIEBOW BEIIMYHUHE U

MOXKET CTaTh OTPULATENIbHBIM, T.€. CYIIECTBYET BOJIHO-OaJaHCOBBI NEPETOK U3
Cpennero Kacniusa B Ceepnbiii Kacninmii.

° EcrectBeHHbBIE TOTEPU BOABI COCTABISIOT B rofl OT 66 pu ypoBHe Kacnuiickoro Mmopst
oko110 — 29 M, BC 10 94 xm® npu ypoBHe Kacnuiickoro mops okoiio — 27 M, bC.
o Heob6xonuMo mpoaomKUTh UCCIIEIOBAHNE, YTOUHUB TIPAKTHUECKUA BCE COCTABIISAIOIINE

BoaHoro Oamanca CK kak mo BenuuuHe, Tak U mo npoctpaHcTBy CK, mpusnekas
naHHble HaOmroaeHuit Oomnbiero uncna MC u nocroB Poccun u Kazaxcrana.

Paboma evinonnena npu punancosoii noooepocke PODU (npoexm Ne()7-05-00415)
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Abstract

In this paper, a spatially distributed hydrologic model (WetSpa) is used to estimate daily river
flow discharge and to analyze water balance of the Gorganrud river basin, Iran. WetSpa model uses a
modified rational method to calculate runoff and degree-day coefficient method to estimate the snow
melt runoff based on temperature data. The hydrological processes considered in the model are
precipitation, interception, depression, surface runoff, infiltration, evapotranspiration, percolation,
interflow, ground water flow, and water balance in the root zone and the saturated zone. The model
gives all flow components at any cell, including surface flow, interflow and groundwater flow. In this
research, the model was applied for the Gorganrud basin for long simulation period, more than two
decades. The hydro-meteorological data from 1983 to 2008 were used for model simulation and
calibration. The calculated hydrographs show good agreement with the observed ones. The results show
that the model is capable in reproducing the water balance and its components.

Introduction

Hydrological modelling provides a strong tool to investigate the impacts of climate and
landuse changes on water balance and hydrological processes. Distributed hydrological models
allow for detailed description of the hydrological and energy cycle and provide opportunities for
dealing with forcing variables that fluctuate strongly in space and time, such as precipitation.
Hydrologists increasingly implement these models as a means to apply the state of knowledge on
basins of interest, and provide valuable information regarding hydrological state variables and
potentially important distributed information on existing and future streamflow conditions. GIS
provides representations of these spatial features of the Earth, while hydrological modelling is
concerned with the flow of water and its constituents over the land surface and in the subsurface
environment. With GIS-based distributed hydrological model one can simulate and determine
the rate of different hydrological processes such as interception, depression storage, snow melt,
runoff, infiltration, water balance, and flow and its components i.e. surface flow, interflow and
groundwater flow.
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This paper presents the application of the WetSpa model which is a spatially distributed
hydrological model to Gorganrud basin for a long daily simulation period and gives changes in
water balance and its different components yearly. The research is still continuing to find out any
relationship between the climate change and the observed variation in water balance.

The WetSpa model

The WetSpa model was originally developed by Wang et al. (1996) and adapted for
flood prediction by De Smedt et al. (2000) and Liu et al. (2003). For each grid cell, four layers
are considered in the vertical direction: a canopy layer, the root zone, a transmission zone and
the groundwater reservoir. The hydrological processes considered in the model are
precipitation, interception, depression storage, surface runoff, infiltration, evapotranspiration,
percolation, interflow, groundwater flow, and water balance in each layer. The total water
balance for each raster cell is composed of a separate water balance for the vegetated, bare-
soil, open water and impervious part of each cell. This allows accounting for the non-
uniformity of the land use per cell, which is dependent on the resolution of the grid. For each
grid cell, the root zone water balance is modeled continuously by equating inputs and outputs:

DAG/At=P—1 -V -E—R—-F 1)

where D [L] is the root depth, AO [L3L®] is the change in soil moisture, At [T] is the time
interval, | [LT™] is the initial abstraction including interception and depression losses within
time step At, V [LT™] is the rate of surface runoff or rainfall excess, E [LT™] is the actual
evapotranspiration from the soil, R [LT™] is the percolation out of the root zone, and F [LT™]
is the amount of interflow in depth over time. The rainfall excess is calculated using a
moisture-related modified rational method with potential runoff coefficients depending on
land cover, soil type, slope, the magnitude of rainfall, and the antecedent soil moisture.

For the surface layer, actual evapotranspiration is computed as an area-weighted mean
of the land use percentage. Also a portion is transpirated from the groundwater water as a
function of the groundwater storage. Percolation and interflow are assumed to be gravity
driven. The percolation out of the root zone is equated as the hydraulic conductivity as a
function of the soil moisture. Interflow is assumed to occur in the root zone after percolation
when the soil moisture is higher than field capacity. Darcy’s law and a kinematic wave
approximation are used to estimate the amount of interflow generated from each cell, in
function of hydraulic conductivity, the moisture content, slope angle, and the root depth. The
routing of overland flow and channel flow is implemented by the method of the diffusive
wave approximation of the St. Venant equation:

Q_40Q_ .«
ot ox* 0Ox 2)

where Q [L*T™] is the discharge at time t and location x, t [T] is the time, x [L] is the distance
along the flow direction, ¢ [LT™] is the location dependent kinematic wave celerity and is
interpreted as the velocity by which a disturbance travels along the flow path, and d [L>T™] is
the location dependent dispersion coefficient, which expresses the tendency of the disturbance
to disperse longitudinally as it travels downstream. Assuming that the hydraulic radius
approaches the average flow depth for overland flow and watercourses, ¢ and d can be
estimated by ¢ = (5/3)v, and d=(vH)/(2S,), where v [L/T™] is the flow velocity calculated by
the Manning equation, and H [L] is the hydraulic radius or average flow depth. A linear
approximate solution to the diffusive wave equation in the form of a first passage time
distribution is applied, relating the discharge at the end of a flow path to the available runoff
at the start of the flow:
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where U(t) [T?] is the flow path unit response function, serving as an instantaneous unit
hydrograph that makes it possible to route water surplus from any grid cell to the basin outlet
or any downstream convergent point, and ty [T] and o [T] are the mean and the standard
deviation of the flow time. Parameters ty and o are spatially distributed and can be obtained by
integration along the topographic determined flow paths as a function of flow celerity and
dispersion coefficient:

1 2d
t, =ICdX’ o=, J.C—gdx @

Since groundwater movement is much slower than the movement of surface water,
groundwater flow is simplified as a lumped linear reservoir for each subcatchment.
Considering the river damping effect for all flow components, overland flow and interflow are
routed firstly from each grid cell to the main channel, and joined with groundwater flow at the
subcatchment outlet. Since, a large part of the annual precipitation is in the form of snow, the
conceptual temperature index or degree-day method is used to simulate snow melt.

The WetSpa model has been applied in several studies, e.g. the Barebeek catchment in
Belgium (De Smedt et al., 2000), the Alzette river basin in Luxembourg (Liu et al., 2003), the
Hornad watershed in Slovakia (Bahremand et al., 2005) with different success. The model has
also been used for assessing landuse and climate change impacts and river restoration effects
on flooding in several studies (e.g. Gebremeskel, 2003; Bahremand et al., 2006). Those
studies showed that the model is capable to simulate stream flow, to predict floods, and to
assess the effects of landuse and climate changes on hydrologic processes and floods.

Application and model simulation

The Gorganrud basin is located in the North of Iran. Gorganrud on the East coast is a
river that cut through Alborz and drains the Copet-Dag mountain range and ends at the
Caspian Sea. The watershed has an area of 6717km? upstream the Voshmgir dam. The
Gorganrud basin is a large catchment, with elevation ranging from 21 to 2837 m. The mean
elevation of the catchment is 922 m; the mean slope of the catchment is about 18.23%. The
digital maps of topography, land use and soil type are the 3 base maps used in the model. The
DEM for the river basin was 90 m grid size DEM, from which the drainage system and area
were determined. All GIS data is raster based with a 90m grid size. Figure 1 shows the
Gorganrud basin, topography, flow stations, and figure 2 shows the spatial distribution of the
different land uses and soil texture over the catchment. The basic meteorological data
requirements are rainfall and evaporation (PET). For this study, the daily precipitation,
temperature, PET and discharge data are obtained from the relevant authorities. The sets
include daily precipitation for 10 stations, temperature for 3 stations and PET for 5 stations,
and discharge data at outlet from 1983-1995. The precipitation in a given raster cell is
obtained from the precipitation of the representative weather station and is corrected for the
altitude of that cell within its Thiessen polygon with the use of elevation data from the DEM.
The same procedures are applied for the temperature and PET for each raster cell.

Model simulation starts with the derivation of the spatially distributed model parameters
from DEM, landuse and soil map. More than 20 parameters are spatially determined and
stored as ASCII files to be used later by the model FORTRAN code. Figure 3 shows two
derived parameter maps, which are important for model simulation, i.e., potential runoff
coefficient and flow travel time maps.
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Fig. 1. Gorganrud basin, with main streams and location of flow and meteorological stations on the
left and its topographical map on the right
323105 449735

4185431 4196 323106 449735
4186431 4186431

\

M crop

forest D 2
] [ irrigatedcrop siltyloam
[:] Grassland - sadyclayloam
|:| Paddyfield . siltyclayloam
o5 hioe g 2k e aosesdt Q 50 km —
323106 440735
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Results

Model calibration for the study catchment was performed for the time period from 1983
to 1989, while the period from 1990 to 1995 was used for model validation. Both the visual
and statistical comparisons for the observed and simulated flow hydrographs at Gorganrud
station were done for the calibration and validation periods. Calibration of the WetSpa
Extension was a cyclical process of making parameter changes, running the model, producing
the comparisons of simulated and observed values, and interpreting the results. The
calibration process was performed mainly for the global parameters including interflow
scaling factor, baseflow recession coefficient, evapotranspiration coefficient, initial soil
moisture and groundwater storage, as well as the surface runoff exponent as listed in the input
file of the model. Other spatially distributed model parameters were assumed to be reasonable
and remained as they are.

Figure 4 gives a graphical comparison between observed and calculated daily flow at
Gorganrud’s outlet for the year 1988. It can be found that the calculated hydrograph is
generally in a good agreement compared with the observed hydrograph for both calibration
and validation periods. Simulation results are obtained for other hydrological years and the
model performance is found to be satisfactory. Model bias to reproduce water balance for the
simulation period is within the range of -0.07 to 0.035. The flow efficiency coefficient is
within the range of 0.71 to 0.76 based on Nash-Sutcliffe criterion. These evaluation results
indicate that the model has a high confidence and can give a fair representation of flow
hydrographs for the study catchment. The model outputs also show that 6.22% of the
precipitation is intercepted by the plant canopy, 90.19% infiltrates to the soil, 84.41%
evapotranspirates to the atmosphere, 12.43% recharges to the groundwater reservoir, and
15.83% becomes runoff, of which surface flow, interflow, and groundwater flow contribute
2.71%, 1.15% and 11.97% respectively. These values are reasonable in view of the catchment

hydrological characteristics.
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Fig. 4. Graphical comparison between observed and calculated daily flow at Gorganrud outlet for the
year 1988

Table 1 gives the detailed yearly variations of water balance and its components in mm.
The flow (R) consists of surface runoff (RS), interflow (RI) and groundwater flow (RG) all
presented in mm. Figure 5 shows the different components of the calculated flow in
comparison with rainfall.
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Table 1: Water balance components calculated for each year

Year rain interception s_mo infiltration evap perc RS RI RG R

1983 278 25.75 250 256 304 129 5.2 1.45 26.94 34
1984 301 21.31 245 367 358 318 10 3.73 30.43 44
1985 256 25.96 248 291 285 331 7 2.77 31.48 41
1986 301 26.1 252 384 372 375 91 3.38 32.17 45
1987 355 32.67 257 434 385 813 17 7.92 67.74 92
1988 336 29.53 257 440 400 619 14 6.18 62.75 83
1989 257 22.11 250 355 319 437 84 3.84 41.86 54
1990 296 25.34 248 321 327 38 83 3.39 36.82 49
1991 325 23.28 247 389 360 505 11 4.45 45.01 60
1992 377 34.32 258 566 461 131 24 12.7 110.9 147
1993 310 26.28 250 419 389 532 13 5.14 54.14 72
1994 287 27.1 256 397 350 573 11 4.76 57.02 73
1995 267 28.2 249 329 347 295 7.6 2.34 33.3 43

The model can give the daily changes of soil moisture content in root depth. It is also
possible for model to calculate and illustrate a map showing the spatial variation of soil moisture
at a certain time step.
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Fig. 5. Comparison between different calculated flow components and rain amount

Conclusion

Distributed models have proven to be useful in assessing the impact of climate and
landuse change on hydrologic functioning as well as scenario analyses because of their ability
to predict the effect of spatially changing variables, like landuse change. This paper at first
defines a method for estimating flood runoff in the Gorganrud basin by using detailed basin
characteristics together with meteorological data as an input to the WetSpa spatially
distributed model. To avoid the complexity inherent in estimating surface runoff, a simple but
effective approach is presented where the whole basin is divided into grid cells, giving the
possibility to simulate the hydrologic processes at reasonably small scale. The generation of
runoff depends upon rainfall intensity and soil moisture and is calculated as the net
precipitation times a runoff coefficient, which depends upon slope, land use and soil type and
is further continued by antecedent soil moisture. Overland flow is routed through the basin
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along flow paths determined by the topography using a diffusive wave transfer model, while
interflow and groundwater recharge are simulated using Darcy's law and the kinematic
approximation. Model parameters based on surface slope, land use, soil type and their
combinations are collected from literature, which can be prepared easily using standard GIS
techniques. The model is tested on the Gorganrud mountainous catchment, located in the
northern Iran, Caspian coast, with 13 years of observed daily rainfall and evaporation data.
Good agreement with the measured hydrograph is achieved. The paper presents the model
ability to give the detailed information about water balance and different hydrological
processes.

Since the spatial distribution of hydrologic characteristics can be obtained from the
model outputs at each time step, the model is especially useful to analyze the effects of
topography, soil type, and landuse on the hydrologic behavior of a river basin.
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Abstract

In this study, we used the monthly sea surface temperature (SST) and sea level pressure data
during 1982 — 2000 to investigate the Caspian Sea SST temporal and spatial variabilities and their
relations to atmospheric forcing. We focus on the interannual and annual variability of the systems,
and give a statistical and dynamical of its oceanic and atmospheric signatures.First, we performed two
analyses on the data fields: empirical orthogonal function (EOF) and Singular VValue Decomposition
techniques (SVD) to obtain the role of the sea and various mechanisms controlling the variability of
SST changes for processes corresponding to different time scales. The first four leading EOF patterns
of SST, which together exhibit 99.79 % of total monthly SST variance, reveal the effect of
southeasterly and northwesterly winds, Volga river runoff, and mid-latitude geographical location of
Caspian Sea on sea surface temperature. The first leading SVD mode which describes 99.99% of the
squared covariance depicts an air to sea forcing, in which the sea surface temperature responds to
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changes in the atmosphere circulation with an interseasonal, interannual and annual time lag. Also, it
is shown that the variations of the climate variability are controlled by the NAO. A statistical
processing (linear trend) of the monthly SST values indicates that the Caspian SST increased
approximately by 1.9°C during this period.

Introduction

Ocean and atmosphere interaction is believed to cause Climate variability on annual
time scales. The dynamics of both systems are coupled via exchange processes at their
interface. Empirical orthogonal function (EOF) and singular value decomposition (SVD)
analyses are used to describe both the independent and coupled variability of atmosphere and
ocean fields. EOF method has been introduced in atmospheric science since the early 50’s, by
(Lorenz, 1956). Meteorologists have used the EOF method for studies of variation patterns in
temperature, precipitation and pressure fields such as: (Stidd, 1967). Empirical studies of
atmosphere-ocean interaction have done by the lag associations between monthly atmospheric
and SST anomaly fields, (Sterl and Hazeleger, 2003).

While the EOF analysis has been applied in lots of research, the SVD analysis has
become more commonly used only in the last decade. But, a lot of studies have been devoted
to the coupled variability of ocean and atmosphere, and the air-sea interaction has got little
attention. A number of studies of the air and sea surface temperature variability on interannual
to interdecadal timescales have documented by many authors such as: (Hassanzadeh, et al.,
2007 and Buongiorno Nardelli et.al., 2009).

The Caspian Sea, as the largest enclosed water body on the Earth, is a very important
marine environment in the world and is particularly sensitive to climate variations. It is
located in an island depression between 47° 07' and 36° 33' N, and 45° 43' and 54° 5' E.
Interannual and seasonal variability of the thermohaline water structure of the Caspian Sea
have characterized by the statistical and physical analysis, (Kostyanoy and Kosarev, 2005).

The main goal of this paper is to investigate the air-sea interaction on short time scales
in the Caspian Sea, by statistical techniques. For this purpose, we start to describe the leading
patterns of SLP and SST variability in the Caspian Sea, by performing EOF on SST and SLP
data, individually, during the 19 years period (1982-2000). Then turn to their coupled
variability by performing a combined SVD analysis of two quantities.

|. Data and methods

I.1. The SST and SLP data

In this study, the Sea surface Temperature (SST) data is extracted from the monthly
Global Sea-Ice and (GISST) dataset supplied by The U.K Meteorological Office (UKMO).
The Global Girded Monthly Sea level Pressure (GMSLP) dataset used was also supplied by
the Pacific Marine Environmental Laboratory (PMEL). SST and SLP data are distributed over
a 1° by 1° latitude/ longitude grid and extended from Jan 1982 to Jun 2000.

I.2. Empirical orthogonal function (EOF) method

A large number of observations at many locations can be reduced into a number of
spatial patterns (eigenvectors), with a time series corresponding with each eigenvector
showing the time variability of each pattern with EOF method. EOF analysis may be
performed by diagonalzing the covariance matrix to obtain a mutually orthogonal set of
patterns, and a corresponding expansion coefficient matrix. The patterns are called EOFs or
eigenvectors and the expansion coefficients as referred to as the expansion coefficients time
series or principal components (PCs) of the input data matrix. The leading EOF1 is the linear
combination of the input variables that explains the largest possible fraction of the combined
dispersion of the data matrix; the second EOF is the linear combination that explains the
largest possible fraction of the residual dispersion, and so on.

Suppose that the input data matrix X is of dimension N xM, over N time steps on M grid
points, which the column means have been removed, with i indexing time and j indexing grid
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points (variable). The coefficients E as linear combinations of the original variables (X)
transform them into a new set of variables Z, (1), in which a single column of Z is one PC and
a single row of E is its corresponding EOF, (Wilks, 2006).

M
Z=XE, Z,, =YX, 1)
j=1

Equation (2) defines the covariance matrix C, which is the input to the matrix digitalization
routine which yields the eigenvalues (4, ) and EOFs (e, )

C=NLXTX (2)

Both the EOFs and PCs are mutually orthogonal and are uncorrelated over space and time,
respectively. The EOFs are of unit length and the lengths of the PCs are equal to the square
roots of their respective eigenvalues, (3).

izTZ=A,ETE=| (3)
N

Equation (4) identifies how the covariance matrix can be reconstructed from the eigenvectors

and eigenvalues. Each mode can be seen as contributing to each element in the matrix.
M

C=EAE" =) Xe.e, )

k =1
Hence, the input data can be represented as a sum of the contributions of the various EOF
modes, (5), each weighted by the corresponding PC. Each eigenvalues gives a measure of the
fraction of the total variance in covariance matrix by the EOF mode. This fraction is found by
dividing the by the sum of all the other eigenvalues.

M
Xij =Zzikekj (5)
k=1

1.3. Singular value decomposition (SVD) method

Singular value decomposition (SVD), a technique is designed to find co-varying
patterns in two different fields, for example SST and SLP. This method identifies pairs of
coupled spatial patterns and their temporal variation. The SVD of the cross-covariance matrix
between two fields yields two spatially orthogonal sets of singular vectors and a set of
singular values associated with each pair of vectors, (Wilks, 2006). Each pair of spatial
pattern describes a fraction of the square covariance (SC) between the two variables. The first
pair of pattern specifies the largest fraction of the SC and each succeeding pair identifies a
maximum fraction of the SC that is unexplained by the previous pairs.

Let C denotes a covariance matrix between two data fields. The equation for SVD of C
IS given by:

C=UsVT (6)

In which U and V are orthogonal, and F is diagonal. The columns of U (mxn), and V (n*n)
are the eigenvectors of CC " and C'C, respectively. The singular values on the diagonal of S
(nxn) are the square roots of the nonzero eigenvalues of both CC T, and C'C. If 5; = S (i, i) is
the i-th singular value, the fraction of squared covariance (SCF) explained by the
corresponding singular vectors u; and v; is given by:

s’
R (7)

SCF, =
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1. EOF Analysis Results

The first four leading EOF patterns of monthly sea level pressure (SLP) fields, which
individually explain 95.77%, 3.11%, 0.68%, and 0.20% of total variance, are selected .Also,
The first four leading EOF patterns of monthly sea surface temperature (SST) fields that
individually describe 96.97%, 2.27%, 0.39%, and 0.16% of total monthly SST variance, are
chosen. The North’s rule of thumb was applied for deciding which EOFs to keep,(North,
1982). According to North’s rule of thumb, the difference between the fourth and the fifth
eigenvalues is comparable to the magnitude of the sampling errors, which means that the error
in the EOFs is comparable to the size of the EOFs themselves. The first three spatial patterns
are displayed in Fig. 1 and 2. Fig. 3 shows the spectral density of the first and second SST
mode. The corresponding expansion coefficient time series, (PCs), and the lagged correlation
analysis are not shown.

11.1 The first EOF Mode of SLP: EOF1 (SLP)

EOF1 (SLP) connects the most sea level pressure changes to Siberia high pressure. In
fact, it indicates the Siberia high pressure strengthening which has a large effect on the
Caspian surface pressure, Fig. 1. Since in northern hemisphere, the coriolis force causes the
winds turn to the right side of the pressure gradient, this mode may be raised from
southeasterly and northwesterly winds across the surface of the Caspian Sea. The convergence
and divergence of lines indicate the wind intensity. By comparison of spatial pattern of EOF1
(SLP) with the SLP monthly data pattern, it is found that this mode is related to pressure
changing in January. PC1 (SLP) displays a decreasing trend which is equal to 0.05°C for each
year. Spectral analysis indicates a strong peak at 12- month period (not shown).

11.2 The second EOF Mode of SLP: EOF2 (SLP)

Spatial pattern of EOF2 (SLP) shows an anti-cyclonic (high pressure center) in northern
Caspian and cyclonic (low pressure center) in southern Caspian Sea. This mode is associated
with pressure changing pattern when easterly winds prevail over the sea, Fig.1. Also, the
spatial comparison of EOF2 (SLP) with the SLP monthly data pattern indicates that it can be
related to pressure changing in March. The high mass of contour lines in northern Caspian
indicates that over the northern Caspian Sea, easterly winds dominate.

11.3 The third EOF mode of SLP: EOF3 (SLP)
This mode indicates the weakening of Siberia high pressure and its low effect on the
surface of Caspian Sea. It shows the predominant southeasterly winds over the Caspian Sea.

11.4 The first EOF mode of SST: EOF1 (SST)

This mode describes the most changes on the Caspian Sea surface temperature. Spatial
pattern of this mode indicates sea surface temperature changing in Northern Caspian is more
than it in southern and Middle Caspian, Fig. 2. PC1 (SST) indicates an increasing trend in
EOF1 (SST), which is equal to 0.1°C year™, approximately by 1.9°C during 1982-2000. The
spectra analysis, Fig. 3, shows a strong peak at 12 months, which is the same as EOF1 (SLP).
The southeasterly and northwesterly winds display an obvious effect on the SST. The lagged
correlation coefficients between the expansion time coefficient of EOF1 (SST) and EOF1
(SLP) indicates a strong correlation in zero-lag. These modes are best correlated when the
atmosphere leads SST by 1, 2 and 7 months. This suggests that the two modes are linked via
air-sea forcing. Therefore, sea responses to the atmospheric pressure by an interseasonal and
interannual time lag.

I1.5 The second EOF mode of SST: EOF2 (SST)

PC2 (SST) displays an increasing trend equal to 0.005°C for each year. The strong,
relatively strong and weakly peak at around 12, 6 and 3 months respectively is detected in
Spectral analysis, Fig. 3. The 12-month period, maybe indicates SST changes in effect of
atmospheric changes. The Lagged correlation coefficients of EOF2 (SST) and EOF1 (SLP)
exhibit four significant correlations. The air leading the sea by 3 and 4 months, is suggesting
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the presence of an atmosphere to sea forcing. This can be the effect of southeasterly wind on
the northern Caspian in which causes an anti-cyclonic gyre in northern Caspian. The 6-month
period is due to the principle feature of the middle Caspian cyclonic gyre driven by the Volga
river runoff. The anti-cyclonic gyre in northern Caspian and cyclonic gyre in middle Caspian
are separated by a zero contour, Fig. 2. By comparing the spatial pattern of EOF2 (SST) with
the SST monthly data pattern, it is found that this mode is related to the surface temperature
variability in April-May. This mode reveals that the wind and Volga river runoff are affected
on sea surface temperature, simultaneity.
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Fig. 1. The first and second EOF Mode of SLP
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Fig. 2. The first and second EOF Mode of SST
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Fig. 3. Spectra of de-trended expansion coefficients time series

11.6 The third EOF mode of SST: EOF3 (SST)

The expansion coefficient time series, PC3 (SST), displays a decrease in the Caspian
surface temperature by 0.0024°C year™'. The spectral analysis exposes a highly significant
peak at around 6 months. This 6-month period and decreasing temperature trend of the EOF3
(SST) indicate that this mode has a structure which is related to surface circulation driven by
the Volga river runoff. Also, this mode is associated with wintertime, which the cyclonic gyre
in the middle Caspian and the anti-cyclonic gyre in the southern Caspian are most intense.
The anti-cyclonic gyres in the northeasterly and the southern Caspian distinct from the
cyclonic gyre in the middle Caspian by the zero contour, Fig. 2.

11.7 The fourth EOF mode of SST: EOF4 (SST)

This mode is not significant. Spectral analysis of this mode exhibits a seasonal strong
peak centered around 3 months and a fairly strong peak at 6-month period.

All the EOF modes of SST show a dominant seasonal signal. It is because of Caspian
Sea geographical situation. In the other hand, the mid-latitude geographical location produces
a strong seasonal variation in heat fluxes across the surface of the Caspian Sea. Therefore, the
Caspian surface temperature shows sensible changes due to the season.

I11. SVD analysis results

Singular Value Decomposition (SVD) is performed to investigate the relationships
between SST and SLP filed. In this analysis, just the first mode figures out the SST and SLP
variations. The leading coupled SST and SLP fields accounts for 99.99% of the squared
covariance. The associated spatial pattern, the corresponding expansion coefficients time
series and the lagged correlation analysis are not shown.
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I11.1 The first SVD mode of SST: SVD (SST)

The SVD (SST) spatial pattern exhibits a northeast-westward gradient over the entire
region. It indicates that the sea surface temperature variability in the northern Caspian is more
than it in the southern and the middle Caspian. The results indicate the changes in sea surface
temperature in February related to EOF1 (SST). The wintertime surface temperature along the
Iranian coasts is higher than Northern and Middle of Caspian Sea. This is caused by the fact
that, in the Northern Caspian, heat losses during the winter reach 600-800 MJ/m?, while in
the Southern Caspian they are only 200 MJ/m?, (Kostyanoy and Kosarev, 2005).

The linear trend of the annual expansion coefficient time series of SVD (SST) indicates
an increasing trend equal to 0.1° C year™, approximately about 1.9° C during the period of
Jan1982-Jun2000, (not shown). A positive trend in the Caspian Sea in the period before 1982
has also mentioned by other authors. For example, during 1900 to 1970 in Baku, the annual
mean temperature increased. This trend was approximately equal to 0.01° C year™,
(Kostyanoy and Kosarev, 2007). Thus, the positive trend in SST in 1982-2000, exceeded
several times the values characteristic of the preceding period of the 20™ century.

111.2 The first SVD mode of SLP: SVD (SLP)

The SVD (SLP) spatial pattern shows that the most sea level pressure changes are
related to Siberia high pressure which has a large effect on the Caspian surface pressure. The
comparison of spatial pattern of SVD (SLP) and the SLP monthly data pattern shows that this
mode is related to pressure variability in January. Also the corresponding expansion
coefficients time series for SLP suggests the existence of short-period and somewhat irregular
oscillations.

The spectra of both time series, the first SVD of SST and SLP, indicate an annual
period. This suggests a strong relation between the variability of SST and SLP. The SST and
SLP spectrum have a highly significant peak at around 12 months. We also note that the SLP
spectrum shows a weak peak at around 6 months. The Pearson correlation coefficients, 0.72,
between the time series of SVD (SST) and SVD (SLP) states that the SST and SLP are
strongly coupled. The lagged correlations analyses between the corresponding monthly time
series, indicate that the coupling is strong when SLP leads SST by 1, 2, 7, and 12 month, (r =
0.845, 0.74, 0.81, 0.68, respectively). Therefore it appears that SVD is mainly an air-to-sea
forcing mode, in which the sea surface temperature responds to changes in the atmosphere
circulation driven by the southeasterly and northwesterly winds with an interseasonal,
interannual and annual time lag.

IV. SST response to the large-scale air forcing

The nature of the relationship between the meteorological variables of the Caspian Sea
and climatic changes in the Northern Hemisphere is investigated in this section. We have tried
to correlate the annual expansion time coefficient of the first SVD (SST) to the North Atlantic
Oscillation (NAO), which is one of the major and most recurrent weather systems influencing
both the North Atlantic and the Eurasia. The NAO consists of a meridional dipole in the
atmospheric pressure, whose centers are located over Greenland and over the central latitudes
of the North Atlantic, between 35° N and 40° N, (Buongiorno Nardelli et al, 2009).

The first SVD mode of SST, is anti-correlated to the NAO, with the Pearson correlation
coefficient of about -0.29. A lagged correlations analysis between the corresponding annual
time series indicates that the interaction with overlaying atmosphere approximately is strong
at time lags of about 1 and 6 years.

Conclusion

The coupled air—sea variability in the Caspian Sea on the time scales of months to years
has been investigated by EOF and SVD statistical methods using 19 years of data. According
to the first four leading EOF patterns of SLP, the most sea level pressure variability is related
to Siberia high pressure. These modes indicate that southeasterly and northwesterly
and easterly winds are dominant across the surface of the Caspian Sea. The first four leading
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EOF patterns of SST reveal the effect of southeasterly and northwesterly winds, Volga river
runoff, and mid-Ilatitude geographical location of Caspian Sea on sea surface temperature. The
results indicate that the most sea surface temperature variability is related to wintertime. A
statistical processing (linear trend) of the monthly SST time series indicates that the Caspian
SST increased approximately by 1.9°C during this period. The first SVD mode is mainly an
air-to-sea forcing mode, in which the sea surface temperature responds to changes in the
atmosphere circulation with an inter-seasonal, interannual and annual time lag. The lagged
correlations and spectral analyses of corresponding expansion coefficients time series reveal
the role of the sea and various mechanisms controlling the variability of SST changes. It is
shown that the interaction of air-sea and Caspian Sea surface circulation are of principal
importance on the interannual and semiannual timescales, respectively. The SST variations at
longer timescales followed the NAO forcing with a time delay about 1 and 6 years, reveal that
the processes relating the Caspian SST to the atmospheric conditions on the longer timescales
are more linked to the thermal balance of the basin, and not limited to the immediate response
of its surface layer.
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Abstract

Since precipitation is one of the key variables driving various hydrologic processes, it is useful
to examine precipitation records to better understand long-term climate dynamics. Here, we use the
empirical orthogonal function and statistical analysis to analyze the monthly precipitation. We also
examine spectral and lagged correlation between monthly precipitation and widely used atmospheric
pressure. The data sets used refer to the period of Jan1982 — Jun2000. According to the first four
leading EOF patterns of SLP, which together account for 99.76% of total monthly SLP variance, the
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most sea level pressure variability is related to Siberia high pressure. The first four leading EOF
patterns of monthly precipitation fields individually explain 33.66%, 26.27%, 9.93%, 7.08% of total
variance and reveal that precipitation over the Caspian Sea is relatively non-uniform, in which the
highest level of monthly precipitation takes place in the western part of the basin. A statistical
processing, linear trend, of the monthly time series of these modes indicate that the precipitation over
Caspian Sea decreased during this period. To better assess the period of oscillations, a spectral
analysis of the de-trended expansion time coefficients series was done for SLP and precipitation
modes. All the EOF modes of SLP and precipitation show a dominant annual and semiannual signal.
We also note that the precipitation spectrums show a relatively strong peak at around 4 months. A
lagged correlations analysis between the expansion coefficients time series of the first four leading
EOF of two fields indicate that all the EOF modes of monthly precipitation are highly associated with
the first mode of SLP. So that, the second EOF of precipitation exhibits a maximum correlation at
zero-lag (r =0.59) and indicate that the interaction with overlaying atmosphere approximately is strong
at time lags of about 1, 2 and 7 months. The results indicate that precipitation variability over Caspian
Sea is related to variability's sea level pressure and is mostly determined by corresponding Siberia
high pressure.

Introduction

Precipitation is a number of manifestations of water, in the earth-atmosphere systems.
Atmospheric circulation explains most of the spatial and temporal variability in precipitation
from global to regional scales. Dry and wet periods are commonly explained by changes in
atmospheric pressure conditions, which persist from days to several months or years. In mid-
latitudes, the general circulation determines the location of pressure systems, and hence the
location, intensity and nature of precipitation-bearing fronts. The interaction between
precipitation and atmospheric circulation patterns in regional and global scales has been
discussed in lots of research like: (Anagnostopoulou et al., 2004 and Dunkeloh and Jacobeit,
2003 and Ghasemi and Khalili, 2007 and Stahl et al., 2006 and Tomozeiu et al., 2005).
Although a numerous studies were done over various parts of the globe, little work has been
done over the Caspian region such as (Morady, 2003).

Identification of independent physical modes and corresponding principal component
time series is an important aspect of climate studies for detecting and predicting climate
changes. While there are a number of different techniques for this purpose, The Empirical
Orthogonal Function analysis (EOF) is a common statistical tool in oceanography,
meteorology and climate research.

The main aim of the present study is to identify the characteristics of monthly
precipitation over Caspian Sea and its relationship with the atmospheric circulation patterns
and discuss possible mechanisms and processes leading to the regional precipitation
conditions by Empirical Orthogonal Function (EOF) analysis.

Data

The Global Girded Monthly Sea level Pressure (GMSLP) dataset used was supplied by
the Pacific Marine Environmental Laboratory (PMEL). The total monthly precipitation data
were obtained from the PMEL as well. Precipitation and SLP data are distributed over a 1° by
1° latitude/ longitude grid across the Caspian sea, between 47° 07' and 36° 33' N, and 45° 43'
and 54° 5' E ,and extended from Jan 1982 to Jun 2000.

Empirical Orthogonal Function (EOF) method

The Empirical Orthogonal Function analysis (EOF) was introduced to metheorology
over 40 years ago (Loranz, 1956). A primary goal of EOF analysis is to identify and extract
phisically and dynamically independent patterns from a variable dataset. These patterns
provide important clues as to the physics and dynamics of the system to be studied. The first
few empirical orthogonal functions may explain a majority of the variance of the data. So that,
the first EOF explains the greatest fraction of the total variance and the remaining empirical
orthogonal functions account for the remaining variances.
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Consider a filed T(r) defined at point  on a two dimensional domain. The mean of
T(r) has been subtracted out, so that {T(r)} = 0, where the angular bracets denote average

value, (North et al., 1982). The covariance of the filed between any two points and may be
defined:

¥y, v ) =(T)T({=") (1)

Therefore, the basis functions or EOF are the eigenvectors of the integral equation

1

Ej}f('r, ) (r'dr' = A, ¢ (r)
(2)

where A is the area of the domain, 4, is the eigenvalue that is positive and associated with the

eigenvector ¢, (r), and a is an integre index. ¢, (r) may be normalized, so that they form an
orthonormal set, (3) . According to (4) , they are a complete set:

5 | 9 85trrar =6 o
> 0a ) @al) = 81"
a=1 (4)

Therefore T(r) can be expanded into an infinite series of the ¢.(r), (5). In whitch
mode amplitude, T() , assocaitaed with the eigenvector is represented by (6).

T@) =) Tagalr)
a=1

(%)
1
(@) = —j 0 (T )ds
4 (6)
The statistics of T(r) require that the T, have a distribution satisfying:
{T,x} =0 and {Ta Tg} = A 55551 (7)

This means that the different components of the series are uncorrelated with each other
and the variance of the mode a is just the eigenvalue 4, related to mode @. So that, the

variance of the filed at a point is yield by (8), and the average variance integrated over the
domain is obtained by (9) :

TOH= ) 10l
a=1 (8)

GRS i A
= ©)

A is a portion of total variance explained by the EOF @ (r), (9). It is convenient to
lable the eigenvectors, so that the eigenvalue are in descending order, i.e:

A > Ay > Ay e (10)
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Results

The dominant modes of monthly sea level pressure and monthly precipitation variability
are obtained by Empirical Orthogonal Function (EOF) method. The modes include: the spatial
patterns or eigenvectors (EOFs); the Principal Components (PCs) or expansion coefficients
time series, and the eigenvalues which indicate the relative importance of the modes. The
North’s rule of thumb is applied to decide which EOFs to keep, (North et al, 1982).
According to this rule the first four leading EOF patterns of SLP and precipitation are
individually chosen. The first four leading EOF patterns of monthly sea level pressure (SLP)
fields individually explain 95.77%, 3.11%, 0.68%, and 0.20% of total variance. The first four
leading EOF patterns of monthly precipitation fields individually explain 33.66%, 26.27%,
9.93%, and 7.08% of total variance. The first three spatial patterns are displayed in Fig. 1,
Fig. 3, respectively. Fig. 2 and Fig. 4 show the spectral density of the first and second mode.
The corresponding expansion coefficient time series which is normalized by the standard
deviation, the lagged correlation analysis and the cross-spectral density are not shown.

1. The first EOF mode of SLP

The first pressure mode, EOF1 (SLP), indicates the existence of Siberia high pressure
over the Caspian Sea, Fig.1. By comparison of spatial pattern of EOF1 (SLP) with the SLP
monthly data pattern, it is concluded that this mode is related to pressure changing in January.
PC1 (SLP) displays a decreasing trend during this period, (1982-2000). Spectral analysis
indicates a strong peak at 12- month period, Fig. 2.
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Fig.1. The first and second EOF mode of SLP

2. The second EOF mode of SLP

Spatial pattern of this mode exhibits the compound of Siberia and Eastern Europe high
pressure systems over the Northern Caspian. (The East Europe high pressure mass comes
from the expansion of Azores high pressure to the East). In contrast, the southern part of
Caspian Sea is under the influence of migratory, or / and Mediterranean low pressures,
(cyclones), that reaches to the Caspian Sea via Turkey and Black Sea. A migratory low
pressure can be one of these systems: Europe, Scandinavian or Island low pressures. Zero-
contour, Fig. 1, in the Middle Caspian reveals the production cold front from the contact of
high and low pressure masses. PC2 (SLP) illustrates a decreasing trend during 1982-2000.
The strong, relatively strong and weakly peaks at around 12, 6 and 4 months, are detected in
Spectral analysis respectively, Fig. 2.
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Fig. 2. Spectra of de-trended expansion coefficients time series

3. The third EOF mode of SLP

EOF3 (SLP) presents the effect of Siberia high pressure on the surface level pressure in
the northeastern and southern part of the Caspian Sea. Negative contours indicate the
migratory low pressure, which comes from Mediterranean Sea, and enters to the Caspian Sea
from west and northwestern. The zero contours distinct the cyclonic centers in the
northeastern and south of Caspian Sea from the anticyclones center, Fig. 1. The front feature
(zero-contour) reveals that these are the warm fronts such that advancing Mediterranean low
pressure and the Siberian high pressure retreated, are evident. PC3 (SLP) displays a
decreasing trend during the 1982-2000.

4. The fourth EOF mode of SLP

Negative contours in EOF4 (SLP) demonstrate the establishment of a Thermal low
pressure system over the northwest and south of the Caspian Sea, (not shown). These low
pressure systems arise from Atlantic Ocean. Positive contours indicate that the Siberia high
pressure move forward on the Caspian Sea. It seems that this mode is related to the autumn
season. A monthly increasing trend is shown in PC4 (SLP). The spectral analysis exhibits a
semiannual strong peak, an annual fairly strong peak, and a week peak at 4 months periods.

5. The first EOF mode of precipitation

Spatial pattern of this mode shows the highest contribution in the western part of the
basin, in which the highest level of monthly precipitation takes place in Northwest of Middle
Caspian and the Southwest of the Caspian Sea, Fig. 3. The spatial comparison of EOF1
(precipitation) to the precipitation monthly data pattern indicates that it may be related to
precipitation variability in October. Also, PC1 (precipitation) indicates heavy precipitation in
Octobers, especially for 1987.

The spectral analysis indicates a strong peak at 6 months and the relatively strong peak
around 12 months, which are essentially same as EOF3 (SLP) and EOF4 (SLP), Fig. 4. The
lagged correlation analysis between EOF1 (precipitation) and all SLP modes reveals that the
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first precipitation mode is well correlated to the fourth mode of SLP, EOF4 (SLP), at zero-
time lag, with r = -0.23,and P value = 0.001. Also to examine variations of precipitation in
conjunction with atmospheric circulation Cross-spectral analysis was used. According to
these results, it seems that 6 and 12 months periods, respectively, are due to the principle
features of low and high pressure systems. Therefore, the first mode represents the most
amounts of precipitations in western part and southwest of the Caspian Sea that occurs on
October. In October the low pressure system that has a thermal origin (Thermal low pressure),
attains to the Caspian Sea from northwest. When the Siberia high pressure system comes
toward the southern latitudes, the front air produced by the collision of these systems is drown
to the lower latitudes and causes severe precipitation especially in southern and western
shores of Caspian Sea. Because of this front air is formed away from the west coasts and
outside the basin, it can't be detected in the spatial pattern of the mode.

6. The second EOF mode of precipitation

Also, the spatial pattern of this mode reveals that the South and west of the Caspian
region have the highest amount of precipitation. But the presence of negative and zero
contours in this mode, it is distinct from the first pattern, Fig. 3. It's time series indicates that
September 1982 was essentially wet during 1982-2000.

Spectral analysis of the second EOF demonstrates a strong 12-month and a relatively
strong 6-month peak, on contrary to the first mode, Fig. 4. The lagged correlations and the
cross-spectral analyses between the corresponding monthly time series state that the second
precipitation mode is highly correlated to the first and second atmospheric patterns. The
second EOF of precipitation exhibits a maximum correlation with the EOF1(SLP) at zero-lag
(r =0.59), and indicates that its interaction with overlaying atmosphere is approximately
strong at time lags of about 1, 2 and 7 months.

This mode shows precipitations over the Caspian Sea, while a high pressure system
over northern Caspian is deployed. According to the EOF2 (SLP), the high pressure center is
combination of Siberia and Eastern Europe high pressures. This high pressure system is
drawn to the lower latitudes, and removes the heat and humidity from the sea waters during
the passage, over the warm waters of the Caspian Sea. Therefore becomes unstable and
creates intense precipitation. The low-pressure system which is located in affront of this high
pressure center causes the southern Caspian precipitation increases relative to the Northern
Caspian. The zero-contour indicates the precipitations around the front.
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7. The third EOF mode of precipitation

Zero-contour in the third EOF reflects the contrast between the middle Caspian
precipitations and, northern and southern Caspian precipitations, Fig. 3. This mode maybe is
related to November, by comparing the EOF4 (SST) and monthly data patterns of
precipitation. So that, in this month the highest values are concentrated over two areas,
western Coasts of Middle and South Caspian. The strong, relatively strong and weakly peak at
around 12, 6 and 4 months, respectively, is detected in Spectral analysis. Cross-Spectral
analysis between the expansion coefficient time series of this mode and all SLP modes, shows
that peak 12 months and 6 months strongly are related to EOF2 (SLP).

It seems that excessive precipitations over the middle Caspian is related to two high
pressure centers of Siberia and Azores, Eastern Europe high pressure, have been deployed on
sides the East and West Caspian Sea respectively. The low pressure cyclones which centered
in Scandinavia are spreading to the south. Thus, the front formed by expanding from north to
south affects this area.

8. The fourth EOF mode of precipitation

Unlike other modes, the fourth precipitation mode shows almost uniform distribution of
precipitation over the Caspian Sea. This is also represented by the time series, just the lowest
precipitation occurs in October 1999. A highly significant peak at around 12 months exposes
in spectral analysis. The lagged correlations and the cross-spectral analyses state the effect of
Siberia high pressure on the Caspian Sea precipitation.

Conclusions

The first four leading EOF patterns of monthly precipitation fields individually explain
33.66%, 26.27%, 9.93%, 7.08% of total variance and reveal that precipitation over the
Caspian Sea is relatively non-uniform, in which the highest level of monthly precipitation
takes place in the western part of the basin. Spectral analysis of the second EOF demonstrates
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a strong 12-month and a relatively strong 6-month peak, on contrary to the first mode. The
lagged correlations and the cross-spectral analyses between the corresponding monthly time
series state that the second precipitation mode is highly correlated to the first and second
atmospheric patterns. The excessive precipitations over the middle Caspian is related to two
high pressure centers of Siberia and Azores. The lagged correlations and the cross-spectral
analyses state the effect of Siberia high pressure on the Caspian Sea precipitation.
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Abstract

Numerous observational and modeling studies have shown that Sea Surface Temperature
Anomalies (SSTA) in certain parts of the world’s oceans and seas have considerable influence on
atmospheric variations in time scales longer than a month. In this paper we investigate SSTA in the
Caspian Sea and its relationship with rainfall in the Southern Coastal Region during 1985-2007. The
main parameters used are the monthly mean SST data set of satellite (NOAA-AVHRR) as well as
precipitation and sea level pressure (SLP) from eight synoptic stations in Iran. It is found a close
relationship between Caspian SSTA and precipitation in the Southern Coastal Region. The spring
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precipitation has a positive correlation with Caspian SSTA, whereas the summer precipitation shows a
negative correlation between 0.4 and 0.6 of 0.01 and 0.05 significant levels. There are also significant
relationships between winter SSTA and spring and summer precipitation in the eight synoptic stations
that magnitudes vary for each station. The other result is the existence of negative correlation between
SSTA and SLP in the Southern Coastal Region. It means for positive Caspian SSTA, SLP is negative
and decreases with time, therefore low pressures are more abundant and the Siberian High is weaker
than average. SLP mean deviation shows that when SST is above average, SLP gets values more
below average. It is also seen a positive correlation between NAO (North Atlantic Oscillation) and
SSTA in the Caspian Sea.

Introduction

In air-sea system the existence of complex interaction between them causes many
weather and climatic variability on time scales from many hours (e.g. sea breeze) to decadal
and even century. SST is one of the fundamental variables that are most widely used to
describe the coupled ocean—atmosphere system. It is, on one hand, a surface indicator or
manifestation of many geophysical and biological processes in the ocean, such as ocean
currents, surface waves, ocean primary productivity, and marine fisheries. On the other hand,
it constitutes the bottom boundary condition of the atmosphere and plays a key role in the air—
sea exchanges of mass, momentum, and energy (Chen, 2007).

A large number of observational and modeling studies have shown substantial impacts
of SST and SSTA on atmospheric variations in different time scales. Zhongxian et al. (2004)
found that Kuroshio SSTA has a close relationship with precipitation in China. Their results
displayed that previous winter Kuroshio SSTA had clear impacts on summer Rainfall in
China. The study of Verdy et al. (2005) indicates that a significant fraction of SST variability
in the ACC can be understood as a linear response to surface forcing by the Southern Annular
Mode (SAM) and remote forcing by ENSO. Lau et al. (2005) showed that during the 199798
and 2002—-03 EI Nifio events, the SST conditions in both DTEP (deep tropical eastern—central
Pacific) and IWP (Indo-western—central Pacific) were above normal, and considerable
cancellations were simulated between the midlatitude responses to the oceanic forcing from
these two sectors. The above findings were contrasted with those for the 1953-58 and 1972—
77 periods, which were characterized by analogous SST developments in DTEP, but by cold
conditions in IWP. It was concluded that a warm anomaly in IWP and a cold anomaly in
DTEP made the optimal SST configuration for generating zonally elongated ridges in the
midlatitudes. Ginzburg et al. (2005) studied the changes in thermal regime of the Caspian Sea
in the period of 1940-2000 and found that annual mean SST increased in the period 1982—
2000 as compared to the previous period (1940-1980) by about 1°C in the deep water Middle
and Southern Caspian Sea.

As shown in the literature, the Caspian Sea that is the largest enclosed water basin on
the earth and is distinguished by special natural conditions, contains rich natural resources
(biological and mineral), and plays an important geopolitical role in the region. It also has
important impact on weather and climate of the surrounding area by transferring huge amount
of energy and heat flux from sea to the atmosphere.

In this paper we study SSTA in the Caspian Sea and its relationship with seasonal
precipitation in the southern coastal region.

Data and methods

The analysis of tempo-spatial variations of SST and SSTA in the Caspian Sea is based
on the remotely sensing data that gathered by Advanced Very High Resolution Radiometer
(AVHRR) on board satellite of National Oceanic and Atmospheric Administration (NOAA)
for the period 1985 to 2007. We used AVHRR Pathfinder Version 5.0 SST Project data
(Pathfinder V5) that is a new reanalysis of the AVHRR data stream developed by the
University of Miami's Rosenstiel School of Marine and Atmospheric Science (RSMAS) and
the NOAA National Oceanographic Data Center (NODC). These data have spatial resolution
0.04° that are more accurate and dense compared to the past version. The temperature data set
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with resolution of 0.1°C are collected in a square lattice with resolution 0.25° in both latitude
and longitude for the whole of Caspian Sea.

The meteorological data such as temperature, SLP and precipitation are obtained from
eight synoptic stations that are located in the southern coastal or the nearest stations to the
shoreline. The locations of the stations are shown in Fig.1 and Table 1 displays the details of
the selected stations and the data are used in this study.

The data on indices of atmospheric oscillations ENSO and NAO were obtained through
the Internet (http://www.cpc.NOAA.gov/data/teledoc,http://iri.columbia.edu/). The software
including SPSS and MiniTab was used for testing and determining the normality and
homogeneity of data and some calculations.

©2008 EuropakTechnologies
‘Image © 2009/ TerraMetricsa m
- 5

Mazandaran

Fig. 1. Locations of the selected synoptic stations (Google Earth)

Table 1: Some properties of the selected synoptic stations

Name of

. Distance from . . . . Station

Data period shoreline Elevation Longitude Latitude synoptic number
station

2007 -1985 lessthan5km -21.1m 48.51E 38.22N  Astra 1
2007 -1985  coastal station  -23.6 m 49.27E 37.29N  Anzali port 2
2007 -1985  about 10 km -8.6m 49.37E 37.19N  Rasht 3
2007 -1985  coastal station -20 m 50.40E 36.54N  Ramsar 4
2007 -1985  coastal station  -20.9m 51.30E 36.39N  Noshahr 5
2007 -1985  coastal station -21m 52.39E 36.43N Babolsar 6
2007 -1985  about 15 km 14.7m 52.46E 36.27N  Ghaemshahr 7
2007 -1985  about 15 km 13.3m 54.16E 36.5IN  Gorgan 8
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SST variations in the Caspian Sea

For tempo-spatial analysis of SST in the Caspian Sea, using the averaged day and
nighttime data in square lattice point we calculated the monthly, seasonally and annually
mean of SST for three regions of the Sea (south, middle, and north).

The monthly mean SST of satellite data shows a positive trend in the SST changes
averaged over the Caspian Sea during the period 1985-2007. This positive trend is different
for each region indicating about 0.07, 0.09, and 0.1 °C/year in the southern, central and
northern parts of the Sea, respectively. There is also a positive shift in the SST anomalies in
the recent decade and generally these anomalies have been increased since 1995. These
changes might be due to the global warming.

Figure 2 illustrates the seasonal mean satellite SST data for the main basin of the
Caspian Sea over the 23-year period (1985-2007). Comparison of the SST distributions in
four seasons indicates that the values of SST in the central part of the Sea are lower than other
parts, especially in the eastern coast, in the spring and summer.

Fig. 2. The 23-year (1985-2007) averaged satellite SST data (°C) in the Caspian Sea for (a) spring, (b)
summer, (c) autumn, and (d) winter.
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Relationship between the Caspian Sea SSTA and precipitation in the southern
coastal region

Since the southern part of the Caspian Sea is more importance for the authors from
dynamical view point (for having deepest depth) as well as being the northern border of Iran,
we focus on the Relationship between the Caspian Sea SSTA and precipitation in the southern
coastal region. To do this, the area averaged SST and SST mean deviation for each part of the
Caspian Sea is used as the index of that part in the calculations of correlation coefficients
between these indices and precipitation in the above region. Table 2 shows the correlation
coefficients between SST indices and season precipitation for the eight stations located in the
southern coastal region during 1985-2007. Referring the table it can be seen that correlation
coefficients vary from station to station in each season. While in some stations the correlation
coefficients are positive, in others are negative. The most correlations exist between the
winter SST indices in the middle and southern parts of the Caspian Sea and the spring and
summer precipitation in stations 1, 4, 5, 7, and 8.

To determine the relationship between SSTA and SLP, the correlation coefficients
between these parameters are calculated. Results indicate that there is a negative correlation
between SSTA and SLP in the southern coastal region. SLP of the all stations in the summer
show significant negative correlations with SSTA in other seasons. When the Caspian SSTA
is positive, SLP becomes negative and decreases with time, therefore favoring the conditions
for more low pressure systems.

Because the Siberian high pressure system has substantial impact on the precipitation in
the southern coastal region of the Caspian Sea, especially in cold seasons, the relationship
between the Siberian high index and SSTA during 1985-2007 is also considered. The results
are shown in Fig. 3 as two split periods. It is found that in the negative SSTA period (1985-
1995), Siberian high was strong along with positive precipitation anomaly and vice versa in
the positive SSTA period (1996-2007).

ived NCEF Reana ived NCEF Reanal,

(a) (b)

Fig. 3. The 23-year (1985-2007) averaged SLP splitting into: (a) 1985-1995 and (b) 1996-2007
(NCEP/NCAR Reanalysis http://www.cdc.noaa.gov/cdc/data.ncep.reanalysis.surface.html)

Conclusion

This paper is aimed to study the relationship between SSTA in the Caspian Sea and
seasonal precipitation in the southern coastal region. As shown in the previous studies, the
relatively wide surface and suitable depth of the Caspian Sea highly influence the climate of
neighboring regions and the weather systems which pass over the sea. The monthly mean SST
of satellite data shows a positive trend in SST averaged over the Caspian Sea during the
period 1985-2007.
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But this trend is different for three parts of the sea changing from 0.07°C/year in the
southern to 0.09 and 0.1 “C/year in the middle and northern Caspian Sea. It is also shown that
SST anomalies have been increased since 1995 and there is a positive shift in anomalies in the
recent decade. These changes might be due to global warming and needs to be studied with
more details.

It is found that there are positive correlations between SST and air temperature in the
southern coastal regions in each season. Also, positive correlation exists between the air
temperature in the winter and summer SST. The spring precipitation in some stations in the
southern region show positive correlations with winter SST of the Caspian Sea.

The spring precipitation has a positive correlation with the Caspian Sea SSTA, while
the correlation for summer precipitation is negative between 0.4 and 0.6 of 0.01 and 0.05
significant levels. Also, close relationships exist between the winter SSTA and the spring and
summer precipitation, but the correlation coefficients vary for each synoptic station.

The other noticeable result is the existence of negative correlation between SSTA and
SLP in the southern coastal region. When the Caspian SSTA is positive, SLP is negative and
decreases with time and low pressures are more abundant and the Siberian High is weaker
than average. SLP mean deviation shows that the changes of SST above the average, is less
than the changes of SLP below the average. It is seen a positive correlation between NAO and
SSTA in the Caspian Sea, but this finding needs to be investigated in more detail.

* Iran Meteorology Organization expert
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Abstract
Caspian or Khazar Sea is a lake which has various climates around. The Southern Caspian Sea
in Iran is located in slopes of the Alborz chain with wet climate and green lands. These green lands
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have fluctuations and abrupt Changes in their climate, hence there are sometimes dry spatially in
spring and often cold particularly in winter. These changes are considerable as climate's fluctuations.
Fluctuations are regular or irregular sinuosity changes in climatic factors. We decided to evaluate the
climate's fluctuation by using surrogate methods such as satellite images of MODIS Man-Kendal
model and Principal components analysis (PCA).To survey climate changes in southern Caspian Sea,
climatic data during 1960-2000 were used in Anzali, Babolsar, Ramsar, Rasht, Gorgan and Shahroud
stations. Man-Kendal test was implemented to evaluate changes of max and min of temperature and
precipitation. The satellite images of MODIS were selected from the available period of 1995-2007 for
March. The Normalized Difference Snow Index (NDSI) was calculated using the bands 4 and 6 as
follows: NDSI = MODIS (0.545-0.565um)-MODIS (1.628-1.652um)/MODIS4+MODIS6.
Fluctuations of Snow area from year to year cause to change water balance and consequently
instability and fluctuations in sedimentation are happened at the coastline. Principal components
analysis (PCA) was used to identify changes in sediment. The results showed that during the winter
the most of the precipitation comes in the form of snow in Alborz Chain. Comparison of minand max
temperatures showed large differences is snow area, which states that there are severe fluctuations in
water balance in the southern Caspian. As geomorphologic systems was resulted. PCA analysis
expressed to reveal instability in the sediment bed shoreline of southern Caspian Sea. Generally north
slopes of the Alborz chain formed the drainage network pattern and the relationship was established
between systemic factors and the coast. The balance between various factors basin was created to
change by disturb the stability. Imbalances in the model's Sedimentation in southern coast on the
Caspian Sea caused fluctuations and abrupt Changes in the region's climate.

Introduction

Climate change is reviewed by experts in different fields, including Geomorphologists.
Temperature difference between the present and the last glacier was only 4 degrees in Iran, but
landforms in this period has changed excess. It states that small temperature differences can
make massive transformation. Geomorphologists are interested in climate change because they
want to know what kind of morphological changes is resulting from climate change. More
studies already have been devoted to climate change in the Quaternary. Climate change in
geomorphologic systems causes changes in internal data of alluvial systems. These changes can
cause changes in output (deposits) and deformations or structures internal alluvial system
components (subsystems). The Changes is applied through the drainage network or a flow
system. So the balance of water and sediment will be changed by climate change. Most studies
of climate change have been done by using non-parametric methods. Several searches in the
trend of climate change has been performed by using Man-Kendall Test (Ghahroudi, et al.,2009 ;
Bullock, 2003 ; De Paulo, et al.,2004 ).In 1993, Nasrallah has investigated, 50 years of climate
change using Man-Kendall Test in Saudi Arabian island. Also in China, the climatic changes
during 45 years were considered using this method (Swetnam,1993).In several separate
researches have been studied the changes in temperature and precipitation in Turkey, with Man —
Kendall Test (Kaygusuz,2002). This study has proved the existence of changes or fluctuations in
climate by the test. Morphology of South coast of the Caspian Sea is hills and plain. They are
covered with marine terraces and young alluvial deposits (Ownegh, et al., 2006). South coast of
the Caspian Sea in Iran is the deep division of the Caspian where located in south of the Alborz
chain. Many rivers originate in the snow Alborz and are falling to Caspian Sea. Annual climatic
fluctuations caused to change snow rate in the northern slopes of the mountain per year. The
snow changes have caused to change water balance and the balance changed morphologies
system. As a result can be realized water balance changes through morphological evidence. This
research has studied Short-term relation of fluctuations in climate and Sedimentation changes in
this region.

Data and methodology

In order to distinguish of the climatic changes, 6 synoptic stations (1960-2000) were
selected and Man — Kendall Test performed in monthly precipitation, min and max of
temperature difference (fig.1). The trend and fluctuations in the min temperature difference
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were found out the analysis. Man — Kendall Test is calculated based on 1 and 2 equations.
Where X; is the sorted data and n is the statistical period (tablel).

n=1 n
5= Z sgn = (x;_x;)
i=1 j=i+l 1)
1 k=0
sgn = I 0 If= {k =
-1 k<0 2

~Google

Table 1: Fluctuation and trend in min temperature difference

Stations Longitude Latitude Year Trend Fluctuation
Rasht 49° 39’ 37° 12 1982 2.41

Bandar o nor o nor

Anzali 49° 28 37°28 1986 2.613

Ramsar 50° 40’ 36° 54 1996 1.1
Babolsar 52° 39 36° 43 1992 2.741

Gorgan 54° 16’ 36° 51 1963 1.168
Shahroud 54° 57’ 36° 25’ 1994 1.878

Because of the high altitude, precipitation type in the Alborz chain almost is snow,
therefore runoff resulting from the snow plays an important role in geomorphological
equilibrium. The snow cover of the Alborz was defined using the NDSI? index of the MODIS
images during the month March of 1995 to 2007. The spatial resolution of the MODIS images
are 250 meters in bands 1 and 2 and 500 meters in bands 3 to 6. Therefore to increase the
spatial resolution, all of the bands 1 to 6 were combined. The NDSI was calculated as (Foster,
et al., 1996; Salomonson and Appel, 2004 and 2006):

NDSI = MODIS (0.545-0.565um) — MODIS (1.628-1.652 um) / MODIS4 + MODISG6

Normalized difference Snow Index (NDSI) 2

175



NDSI has difficulty in differentiating the snow from other moist features such as water.
To improve the efficiency of NDSI, the reflectivity coefficient of bands 2 (841-876 um.) and
4 (545-565 um) were used. Because, in these bands, snow has the reflectivity more than
10%while water has much less than 10%. As a result, any pixel with reflectivity higher than
11% in band 2 and 10% in band 4, was classified as snow covered pixel. The final definition
of snow cover on the MODIS images was achieved when the following conditions were met
collectively (Hall, et al., 2002 Sirguey, et al., 2009):

NDSI> = 0.4,
MODIS band 2>11% and
MODIS band 4> = 10%

25 percent of the minimum and maximum images were averaged to consider as the min
and max snow area (Fig2). Fluctuations of Snow area from year to year cause to change water
balance and consequently instability and fluctuations in sedimentation are happened at the
coastline. Principal components analysis (PCA) was used to identify changes in sediment
(Giinli, et al., 2008). PCA analysis was carried out in ETM images of summer using ERDAS
Imagine 9.1TM and ArcGIS 9.3. Subsets of satellite image were rectified using 1:250000
scale Topographical Maps with UTM projection (WGS84 datum) using first order nearest
neighbor rules (Amer, et al., 2009).

Fig. 2. Min and max snow area in the south of the Caspian Sea

Principal components analysis (PCA) allows redundant data to be compacted into fewer
bands so the dimensionality of the data is reduced (Fig. 5). An important advantage of PCA is
that most of the information within all the bands (represented by the variance) can be
compressed into a much smaller number of bands with little loss of information (Gibson and
Power 2000, Siljestrom, Moreno-Lopez, 1995). The bands of PCA data are noncorrelated and
independent, and are often more interpretable than the source data (Jensen, 1996). Because
multispectral data bands are often highly correlated (table2), PCA transformation is used to
produce uncorrelated output bands. The first PCA band contains the largest percentage of data
variance and the second PCA band contains the second largest data variance (table 3).

Principal component analysis was implemented using three steps in part of case study
(Canas and Barnett, 1985). First calculation of the correlation matrix (standardized) of the
satellite sensor data (table 2), then computation of the eigenvalues and eigenvectors of the or
correlation matrix (table 3), finally linear transformation of the satellite sensor data using the
coefficients of the eigenvector matrix (fig.3) (Koutsias. et al., 2009).
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Table 2: Correlation matrix of the satellite sensor data

ETM1 ETM2 ETM3 ETM4 ETM5 ETM7
ETM1 1
ETM2 0.9713 1
ETM3 0.9444 0.9869 1
ETM4 0.3765 0.5189 0.5130 1
ETM5 0.7433 0.8563 0.8768 0.7531 1
ETM7 0.8338 0.9147 0.9382 0.5856 0.9623 1

Table 3: Eigenvectors of the six components of the whole ETM scene of Caspian Sea

ETM1 ETM2 ETM3 ETM4 ETM5 ETM7  Eigenvector Variances%
PC1 0.2287 -0.3508 -0.2776 -0.6667 0.0030  -0.5503 11614.1155 89.70
PC2 03330 -0.2735 -0.2992 -0.2803 -0.0314 0.8031 950.4410 7.34
PC3 05375 -0.3982 -0.2269 0.6655 -0.1084 -0.2150 306.1143 2.36
PC4 01772 0.6403 -0.6537 0.0528 0.3520 -0.0667 45.6613 0.35
PC5 05150 0.4807 0.2554  0.1570 -0.6423 -0.0346 24.4222 0.19
PC6 050119 0.0486 0.5377 -0.0805 0.6713 0.0073 6.6498 0.05

+ Babolsar

Fig 3. PC1 and PC2 with 97.04 variances

Results

The results of implementing Man-Kendal test showed that there was the trend and
fluctuations at the min temperature in this region. As Figure 4 shows the stations of Rasht,
Anzali and Babolsar, the curves cut off each other above 1.98. In other words, trend of the
min temperature was increasing. Gorgan and Ramsar stations the curves below 1.98 cut each
other, which means an increase existed in min temperature fluctuations.

Snow area was identified as a result from NDSI indicators in MODIS images in the
month March of 1995 to 2007. Average first and fourth quartiles of the snow area were
chosen as the min and max annual snow area. Comparison of minimum and maximum
temperatures showed large differences is snow area, which states that there are severe
fluctuations in water balance in the southern Caspian. As the long-term and short-term
evidence showed the in the southern Caspian, disequilibrium in the geomorphologic systems
was resulted.PCA analysis expressed to reveal instability in the sediment bed shoreline of
southern Caspian Sea. As Table 3 shows 99.407 percent of the variance has been collected in
the first three PC. Figure 5 shows Sedimentation changes in the shoreline.
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Fig 4. Man-Kendal test for min temperature in the southern Caspian Sea
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Fig. 5. Profile of shoreline changes and locations

Conclusion

Since the southern Caspian Sea is located in the northern slopes of the Alborz therefore,
climate change and water balance of the sea is not separated from the chain.There are
evidences of climate change since the last glacial period in the Alborz, which expressed the
drastic changes in water balance in this region. These evolutions elucidate changes of erosion
and sedimentation in the southern Caspian Sea.
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Whenever the water balance in the basin was reduced, erosion and sediment production
increased, because the basins as geomorphologic systems were established their equilibrium
with streams. If problems arise in the system, erosion and sediment production changed.

Generally north slopes of the Alborz chain formed the drainage network pattern and the
relationship was established between systemic factors and the coast. The balance between
various factors basin was created to change by disturb the stability. Imbalances in the model's
Sedimentation in southern coast on the Caspian Sea caused fluctuations and climate change
trends in the region. Those changes of the water balance take an action as a confounding
phenomenon.
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BJIUAHUE MHOTI'OJIETHUX U3MEHEHHM BOJIKCKOI'O CTOKA
HA COBPEMEHHBIN PEXXMM CEBEPHOM YACTHU KACIHUMACKOTI'O MOPS

JA.H. Karynun, /{.B. Kamuun
OI'VII «Kacniuiickuii Hay4HO-HCCIIE0BATEIbCKUN HHCTUTYT PHIOHOTO XO35HCTBAY,
Actpaxanb, Poccus
Ten.: +7(8512) 258636 ¢akc: +7(8512) 252581
kaspiy@astranet.ru

AHHOTANUA

[IpencraBnensl pe3ynpTaThl HCCIEAOBAaHUM, BBINONHEHHBIX B mepuon 1984-2009 rr. [lana
XapaKTepUCTUKAa M3MEHEHUH BOJDKCKOTO CTOKa (BOIBI M OMOTCHHBIX 3JEMEHTOB) B 3TOT NEPHOXN U
OLIEHEHO BIHMSHHME 3TUX W3MEHEHUH Ha TMAPOJIOIMYECKMH M THAPOXHMHYECKHH pekum CeBepHOTro
Kacnusa

BBenenne

I'maponornyecknii ¥ rTMAPOXUMHUYECKAN PEXUM ceBepHOM yacTu Kacnuiickoro Mops Bo
MHOTOM ONpeeNnseTcs BeInunHON Bobkckoro croka (Kammn, XpumyHos, ®@ecenko, 2002;
Karynun, Kamun u ap., 2007). Hanbosee sipko 3TO BIMSHHE MIPOCIEKUBACTCS BO BPEMEHHOM
OTHOILIEHNUHU B IIEPUOJ ITOJIOBOJIbS, & B IPOCTPAHCTBEHHOM OTHOLIEHUH — B MEJIKOBOJHON 30HE
MODsl, HEIIOCPEACTBEHHO IpWIIerarolen K aensre Boaru. M3 ruaponornyeckux mnapamerpos
BIMSIHUIO BOJDKCKOIO CTOKa Oosiee Bcero mnojBepxeHa cojeHocTb CesepHoro Kacnus
(ocobenHo ero 3amagHOW 4yacTH). TeMIoBOM CTOK TaK)Ke OKa3bIBACT BJIMSHUE HAa TEIUIOBOM
O6ananc CesepHoro Kacnust (ocoOeHHO MeIKOBOAHOM 30HBI). M3 ruapoxummuueckux
[apaMeTPOB BIMSIHUIO BOJKCKOI'O CTOKA IOJIBEPKEH PEXUM OMOTEHHBIX AJIEMEHTOB (a30Ta,
¢dochopa, KpeMHHUs) M PAaCTBOPEHHOro Kuciopoja. OCHOBHOM IeNibl0 pabOTHI SBUIJIACH
XapaKTepUCTHKA IaHHOTO BIIMSAHUA B COBpeMeHHbIi nepuon (1984-2009 rr.)

OcHoBHast 4acTh

Martepuanamu ans craTbu mnociyxunu naHHeie HaOmoaenuit OI'YII «KacnHUPX»,
HauuHass ¢ 1984 r., sBastoniyecss HanOoJiee MOJHBIMU B OTHOLIEHMM PacCMaTpUBAEMbIX
XapaKTepUCTHK. 3a 3TOT MEepUoJl BpeMEeHU 00beM IrofioBoro croka Boaru konebancs ot 178
(1996 1.) 110 338 kM° (1994 T.), a 06BEM ITOTOBOIBS, COCTABHBIIIHIA 32-50% rOIOBOTO CTOKA, —
ot 62 (1996 r.) mo 159 kM (1991 r.) (Puc. 1).
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Bo BTOpOM KBapTazne, Korja uAeT UHTEHCUBHBIN MPOrPeB BOJ, TEMIIEpaTypa BOIbI B
CeBeprom Kacnum, kak npaBuiio, Bbllle, 4eM B jAeiibTe Bonru. B 310 BpeMs B aBaHzenbTe
JIETKO MPOCIEIUTh CTPYM PEYHOW BOJBI, OTJIWUYAKOIIMECSH IOHMKEHHOM TeMIEpaTypou.
Opnnako, MeXrofoBble KoyieOaHHUs TemIepaTypsl BOAbl B HIOHE B Jenbre Boiarm u Ha
CeBeprom Kacnuu creayroT mapajuienbHO Ipyr Apyry (puc. 2). DTO TOBOPUT O TOM, UTO
Hwuxusas Bonra n CeBepHublii Kacninii mpakTHUECKU HE OTIAMYAKOTCA APYT OT Apyra M0 PeXUMY
WHCOJISIIIIY.
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Puc. 2. Temneparypa Bojibl B HioHe B p. Bonre y Actpaxanu u Ha CeBeprom Kacrinu B 1984-2009 rr.

MenKkoBOIHOE HPOCTPAHCTBO OT HA3eMHOI0 Kpas AenbThl 10 r1younsl 1,5-2,0 m
(moagBOIHBIM Kpail JenbThl), Ha3bIBA€MOM aBaHAENbTOM, OOBIYHO TIOJHOCTBIO 3aHATO
IIPECHBIMU pEeYHbIMM Bojamu. OT NOABOJHOIO Kpas AENbTHl A0 TIpaHulbl co CpenHum
Kacnimuem conenocts BOabl Bo3pactaeT 1m0 12%o0 u Oornee (cpemHsis COJEHOCTb BOJBI B
Cpennem Kacnuu coctasnser 12,6%o0). B TOM ke HanpaBieHHUH MOCTENIEHHO YBEIUYUBAETCS
riyOuHa Mopsi, To3ToMy B 3anaaHoil yactu CeBepHoro Kacnusi u3oraiavHbl 4acTo CIEIyIOT
napauiensHo u3zobatam. B ¢poHTanpHON 30HE 3Ta KapTMHA HMHOIJA HapyllaeTcs Hpu
(GbopMHUPOBAaHNH B HEHl JIOKAIBbHBIX KPYTOBOPOTOB BObI (puc. 3).

Puc. 3. [IpoctpancTBeHHOE pacnpeneneHue codeHoctu Boabl (%) Ha CeBepHoMm Kacruu B urone 2006
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Kak Oputo ormeueHo panee, coneHocTh Boa Cemepnoro Kacmus o6ycioBieHa
BEJIMYMHON BOJDKCKOTO CTOKA. 3aBUCHUMOCTH HOCHT OOpaTHBIM Xapaktep, KO3(PQPUIMEHTHI
KOPPEJSIIIUK 32 pacCMaTpUBAEMBbIi IEPHOJ MTPEICTaBICHBI B Ta0I. 1.

Taoauna 1
KoadduimenTs! koppensiiun Mexay coineHocThIo (%o) Bog CeBeprnoro Kacrnus
1 06beMoM BoIDKCKOro croka (W, k)

FOJ—IH w rof w SIHB-aIIp) w eBp-mait w anp-mai W anp-HIoH

1984-2009 -0,405 -0,606 -0,649 -0,645 -0,564

B nepuon 1984-2009rr. munumainbsHas aius CeepHoro Kacnusi coJaeHOCTh OTMEYAIach
B utoHe 2005r. (5,35%0) mipu cToke 3a deBpasib-Maii 145 ky0. kM, a MmakcumaibHas (9,26%o) —
B 1984r. npu croxe Boaru 3a 3TOT *Ke oTpe3ok BpemeHu — 95 ky0. kM. Takum oOpazom,
MOKHO MPEINONIOKUTh, YTO MPH COXPAaHEHUU MAJIOBOJAHBIX JI€T, OyIeT NpPOUCXOAUTH
OCOJIOHECHHUE CEBEPHOU YaCTH MOPH.

B nernee Bpems B rimyookoBoHoM 30He CeBepHoro Kacnust hopMupyeTcss MMKHOKINH,
OTACJISIIOIINN TOBEPXHOCTHBIM CJIOM, 3aHATBIA OTHOCHUTEIBHO TEIUIBIMU U ONPECHEHHBIMU
BOJAMHM, OT MPUJIOHHOTO CIIOS, 3aHSTOIO0 OTHOCHUTENBHO XOJOJHBIMH U COJEHBIMU BOJIAMHU.
[Ipy »sTOM B mNOPUIOHHOM CJIO€ HEPEOKO pa3BuBaerca rumnokcus. I[lo gaHHBIM
THAPOXUMHUYECKUX HaOmogaeHuit B 1984-2009 rr. MakcMMaabHBIE IUIOMAINA C JASHUIIUTOM
KHCJIOpoJia oTMedanuch B 90-x rogax (puc. 4).
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Puc. 4. Jluramuka miomajeil THIOKCHH B 3amanuoil yactu CeBeproro Kacmus B utoHe (a) U aBrycre
(6), TBIC. KB. KM

OueBHIHO, YTO pacUIMpEHUE IUIOUIAJM PACHpPOCTPAHEHUS! TMIIOKCHU IIPOUCXOIUT B
TOJIbI C TOBBIIIIEHHBIM CTOKOM BOJbI. Hambomnee spkum mpumMepoM MOTyT CiIyXuTb 1990 u
1991 rr. ¢ o6bemom croka 150-160 ky6. kM. Ilo-BuarMOMY, paclipOoCTpaHEHHUIO THIIOKCHH B
3TH ToJibl criocoOCTBYET Tpu (akropa: 1) ycuneHue crpaTUUKalUy BOJHOM TOJIIM 32 CUET
OIIPECHEHMs] TIOBEPXHOCTHOTO CJI0s1 BOABI; 2) o0oramieHne NpuoHHOTO CJ0sl alNIOXTOHHBIM
OpraHMYECKHUM BEUIECTBOM; 3) MOBBIILIEHHE OMONPOAYKTUBHOCTH 3a CUET yBEJIMYEHHs BBIHOCA
OMOTEHHBIX COJIEH, TaKXKe MPUBOJISAIIEE K 00OTallIEHUIO IPUIOHHOTO CJI0s1 OPTaHUKOM, HO YK€
AaBTOXTOHHOI'O MPOUCXOXAEHUA. [l mociaenHuX JIeT XapaKTepHO 3aMETHOE COKpalleHHe
IUIOIIAJIeH C TUIIOKCHEH, YTO BEPOSITHO 00YCIIOBIIEHO MOHUKEHHBIM CTOKOM BOJIBI.

JleCTBUTENBHO, BBIHOC OMOT€HHBIX JIEMEHTOB C PEYHBIMH BOJAMH B IOJIOBOABE, KaK
3TO BUAHO Ha pHC. 5, HANPAMYIO 3aBHUCHT OT oObeMa BOJHOro crtoka. [Ipuuem naHHas
3aBUCUMOCTh HamOojee 4YeTKO MposBHUIack B TmocienHee aecarwierue. KoHineHTpauus
OMOTEHHBIX JIEMEHTOB B BOJIaX MEJIKOBOIHOM 30HBI B CBOIO OYEpE/lb 3aBUCUT OT MX BBIHOCA C
pedyHbIMH BoJiaMu (puc. 6).
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Ecnu paccmarpuBats B 1nienom nepuon 1984-2009 rr. (tabm. 2), TO JeTKO 3aMETHTh,
YTO HAaUOOJIBIINN BEIHOC OMOT€HHBIX 3JIEMEHTOB UMENI MECTO B MepBOii nmoioBuHe 90-x TroA0B,
T.€. B MHOTOBOJIHBIE T'OJibl. Jlanee konebanus cTtoka (ocdopa (B T.4. MOJIOKUATENBHBINA TPEH]I,
HauuHas ¢ 2000 r.) mpoucxoauian Ha OoJjiee HU3KOM ypoBHe. IIpu 3TOM B TeueHHE BCEro
paccMaTpuBaeMoro neprojaa KOHIEHTpauss MHHEpaIbHOTO Gocdopa B BoJax MEITKOBOIHON
30HBI BO3pacTaa.

CToKk MHHEpaJbHOIO a30Ta I0CJIE MHKa B NEepBOi MosoBUHE 90-X rofoB MOCTOSHHO
cokpamaiucs, Tak yto Bo 2005-2009 rr. ero BeiquM4MHa OKa3ajgach B 2 pa3a MEHbIIE, YEM B
1990-1994 rr. [Ipu >TOM KOHIICHTpAIMsI MUHEPAIHLHOTO a30Ta B BOJAX MEIKOBOJHOHN 30HBI
OCTaBaJIach CTAOWJIBHOM, 3a MCKIIFOYCHHEM €€ KpaTKoBpeMeHHoro mnoseimenus B 2000-2004
IT.

CTOK pacTBOPEHHOM KPEMHEKHUCIIOTHI IMOCJIE MUKa B MEpBOM mMmojoBuHe 90-X romoB
TaKKe€ COKpAILaJCsi, HO HE CTOJIb OBICTPHIMM TEMIIAMH, KaK CTOK MHHEpPaJbHOro a3ora. B
2000-2004 rr. nabmoanock qake HeOOJbIIOE yBeIMUeHHue cToka KpemHus. Ha atom done
MOBBIIICHHAS KOHIIEHTPALMsI PACTBOPEHHOTO KPEMHHS B BOJIaX MEJIKOBOJHON 30HBI ObLia
3apeructpupoBana B 1995-1999 rr. u B nocieayroiiee BpeMsi CHHUKaIACh.

N3 mannoro oG3opa ciemyer, yTO Ha KOHIEHTPAIMIO OMOTCHHBIX 3JIEMEHTOB B BOJAX
MEJIKOBOIHOM 30HBI BIMSIET HE TOJBKO UX MOCTYIUICHHE C PEUHBIMH BOJIAMU, HO MPOLIECCHI UX
MOTJIONICHUSI BOJHOW PACTHTEIHHOCTHIO M (PUTOIUTAHKTOHOM. MOXKHO TpeIrosararb, 4ro
OMOTCHHBIM JIEMEHTOM, JTUMHUTHPYIOIIUM MEPBUYHYIO MPOIYKIUIO B MOCIEIHUE TOABI CTal
a30T, YTO OBLIO BHI3BAHO YMEHBIICHHEM €ro MOCTYIUICHUS C PEUYHBIMU BoAaMH. B 3Tux
YCIOBUSIX CHU3WIIOCH MOTpedlieHne MUHepanbHOro ¢ocdopa MpoayleHTaMU U MOTOMY €ro
KOHIICHTPALIUsI IOBBICUJIACH.

Taoauma 2

BriHOC OMOTEHHBIX 3JIEMEHTOB C BOJDKCKMMU BOJAAMH M MX KOHIICHTPAIUS B BOJIAX

MEJIKOBOIHOM 30HbI 3ananHoi yactu CeBepHoro Kacnus

Togpr 1984-1989  1990-1994  1995-1999  2000-2004  2005-2009

Dochop MruHEpPATbLHBIH

Beinoc 3a |l kBapTai, ThIC. T 3 11 9 7 9
KoHneHTparms, MKr/a
OTMenNas 30Ha 12 13 16 21 32
MPUIITY0ast 30Ha 2 1 9 15 16
A30T MHHepaJIbHbII
Brinoc 3a |l kBapran, ThIC. T 62 147 140 113 67
KonrnenTparus, MKr/ja
OoTMerasi 30Ha 128 103 105 142 105
npuriy6as 30Ha 62 85 68 93 72
Kpemumnii
Berroc 3a |l kBaprain, TeIC. T 164 329 283 313 274
KoHueHTparmsi, MKr/a
oTMenas 30Ha 1854 2007 2137 1844 1171
npuriy0as 30Ha 936 538 830 829 578
BriBoabI
Hannble, mnosydyeHHele B nepuonx 1984-2009 rr., MOATBEPKIAAIOT,  4YTO

THAPOJIOTHYECKUA W Tuapoxumudeckuii pexxkum CeepHoro Kacmus dopmupyercs mof
OMPCACIIAIOIINM BIIUAHUCM CTOKA P. Bounarn. Ha6mo;[a}omaﬂc;1 B MIOCJICAHHUEC IOAbl TCHACHIIUA
YMEHbIIIEHHs 00beMa BOJDKCKOTO CTOKA, B CIy4yae €€ COXPAHEHHUS MPUBEAET K MOBBILICHUIO
coneHoctu CesepHoro Kacnusi, yMEHBIICHHUIO IUIOLIAAM PACTIPOCTPAHEHHUS] THUIOKCHH,
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COKpAILIEHUIO BBIHOCA MUHEPAJIBHBIX (POPM OMOTEHHBIX 3JIEMEHTOB C PeYHBIMH Bojaamu. [1pu
3TOM BbIHOC (pocopa U KpeMHUsI OyIeT BbIIIC, & MUHEPAJIBHOTO a30Ta HUXKE WM Ha YPOBHE
80-X TOZI0B MPOIILIOTO CTOJCTHS.

CHuCOK MCI0JIb30BAHHOM JINTEPaTyphl

Karynnn /I.H., Kamma J[.B. u np. OcHOBHBIE 0COOEHHOCTH THIPOIOTO-THAPOXUMHUYIECKOTO PEXUMA
p. Bonru u Kacnuiickoro Mopst B TpancrpeccuBHblil iepuon // PeioHOoe xo3siicTBo. 2007. Ne 3.
c.75-77

Kamun /I.B., Xpumyno U.A. ®@ecenxo B.M. OcobeHHOCTH THAPOIOTO-THAPOXUMHIECKOTO PEXIMa
akBaropun 0. M. XKemuyxkubiii B 2001 1. // Hayun. Oromur. Kacnwmiickoro rmiaBy4ero
yausepeutera. 2002. Beim. 3 ¢.138-142.

PA3BUTHUE METO0OB U TEXHOJIOT'WI ITPOTHO3A YPOBHSA
KACIIMUCKOI'O MOPA B I'MIAPOMETHEHTPE POCCHUH

3.K. AGy3spos, E.C.Hectepos, B.C. Kpacrok, H.I'. JIexxnea
I'Y «'mppomeruentp Poccun», Mocksa, Poccus
abusiar@mecom.ru, nesterov@mecom.ru

AHHOTANUuA

Cneman 0030p METOJIOB W TEXHOJOTHI mporHo3a ypoBHA Kacmmiickoro mops (YKM),
ucnonb3dyemblx B I'Y «I'mapomerueHtp Poccunm» B omepaTUBHON NpPaKTHKE, a TAKXKE HAYYHBIX
pa3paboToK B 3TOH obmacTH. MeToa MporHo3a roJJOBOTo XOAa YPOBHSI OCHOBAaH Ha IMPHOJIMKEHHOM
peLICHNN ypaBHEHHUS BOJHOTO OanaHca, KOTOpoe BKJIIOYaeT CTOK pek Bonra, Kypa u ap., crok Boas! B
3anuB Kapa-boras-I'omn, pa3HOCTs MeXIy HCIIApEHHEM H OcagKkaMu W T.A. PazpabaTeiBaeMbie METOIBI
nporaoza YKM Ha 5 u Gojee JIeT OCHOBaHBI Ha CTAaTUCTHYECKHX CBA3SIX MEXIy IMapameTrpamu
KpYITHOMACIITaOHOH IUPKYJSAIUK aTMOC(EpPbl U XapaKTepUCTUKAMH YPOBHS. TEXHOJOTHS MPOrHO3a
LITOPMOBBIX HAaroHoB B ceBepHoM uyactu Kacnouiickoro Mopsi ocHoBaHa Ha 3-X MEpHOH
THJPOJNHAMUYECKON MOJIENTH, YYUTHIBAOLIEH penbed JHA, CTOK peK, MpOIecChl 3aTOIUICHUS U
OCYIIIKY PUOPEkKHBIX obnacteld. [I[pHBOAATCS ONICHKH YCIICITHOCTH OTIEPaTUBHBIX TPOTHO30B Y KM.

Beenenne

I'maBHOI ocoOeHHOCThIO AMHAMHMKM ypoBHs Kacnuiickoro mopst (YKM) sBusitores
pasHoMaciTaOHble KoJeOaHUs, HEpeAKO MPUBOIAIINE K KaTacTpOoYUUECKUM MOCIEICTBUIM
SKOHOMHUYECKOTO M  JKOJIoTWUYecKkoro  xapakrepa. CouuanbHO-d’KOHOMHYECKHE U
HKOJIOTUUECKUE TMOCIEJCTBUS aHOMalbHBIX Kojebanuit YKM oka3bIBalOTCS HACTOJIBKO
CYILIECTBEHHBIMU, YTO MNpEANPUHUMAEMbIE MEphl IO 3aIIMTE U CHIKEHUIO PUCKA OT HX
BO3CUCTBUI CTaIM OJHON M3 KapJIUHAIBHBIX MPOOJIEeM CTpaH KacCIMHMUCKOro peruoHa. B sToi
CBS3M M3y4y€HUE MNPUYMH pazHoMmaciiTaOHbIX Koyebanuit YKM u ux nporHos Obuiu u
OCTaIOTCs aKkTyalibHeHei npodiemoii Kacrust.

MHorouuncieHHble MOMNBITKM MporHo3a Oynymux usmeHennit YKM, kak B mepuop
IIPOJODKUTENBHOTO NAaJACHUS YPOBHS, TaK M B IEPUOJ €TI0 NPOJOJDKUTENBHOTO MOABEMA,
OCHOBaHHbIE Ha PpAa3JIMYHBIX THUIIOTE3aX, ObUIM KpallHE MPOTHUBOPEUYMBBIMHU, UTO
IPEMSTCTBOBAJIO UX UCIIOJIBb30BAHUIO B IIPAKTHUKE.

3HAYUTENbHBIN YPOH IPUOPEKHON HHPPACTPYKType HAHOCAT KOJIeOaHUsS YPOBHS MODS,
CBS3aHHBIE CO IUTOPMOBBIMM HaroHamMu M croHamu. lIITopMoOBBIE HaroHbl NOPOKIAKOTCS
CHJIBHBIMU TPOJIOJIKUTEIBHBIMU BETpaMu (CO ckopocThio Oosiee 10M/c) BOCTOYHOTO M IOTO-
BOCTOYHOTO  HampaBieHUs (U1 3amagHoro mnoOepexbss MoOpsi) U CEeBEpO-3alagHOro H
3aMmaiHOT0 HampaBieHUS (1T BOCTOYHOTO TOOEPEeXbs). 3UMOM MPHUCYTCTBUE JIEASTHOTO
MOKpOBa yMeHbIIaeT 3(p(deKT MTOPMOBBIX HaroHoB. J[lpeWdyromuii nex, KOTOpBIH
HaOJII0AaeTCsl B TEIUIbIE 3UMBbI, HE SIBISIETCS CYLIECTBEHHON Iperpaaoil Ui pacupocTpaHeHus
HaroHHoil BomHbl. Ha (oHe BBICOKOTO CTOSIHHMSI YPOBHS BEPOSITHOCTh BO3HHUKHOBEHUS
IITOPMOBBIX HarOHOB Pa3pyIIUTEILHOIO XapakTepa CyIIeCTBEHHO yBeanunBaeTcs. OcoOeHHO
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OOJIBIIYI0 OMACHOCTh OHM TMPEACTABISIOT [Isl MEIKOBOAHBIX HH3MEHHBIX TEPPUTOPHIA
Cesepnoro Kacnus.

I'Y «'uppomeriienTp Poccuny», kak romoBHOe yupexkaeHue Pocrumpomera B obmacTu
THAPOMETEOPOTIOTHIYECKUX ITPOTHO30B, JABHO BEACT HAYYHYIO U OTIEPATUBHYIO PabOTy B 3TOM
HampaBlieHWW. Hmke KpaTko 0O0CYXKIAloTCs METOIUKH, TEXHOJOTUA U TOJXOJBI,
npumensiembie B ['Y «'uapomeruentp Poccum» 11 cocTaBieHUs TPOTHO30B HM3MEHEHHUI
YKM pa3znuuHoii 3a071aroBpeMEHHOCTH.

Mertona u TexnoJiorust nporuoza YKM c rogosoii 3a0,1aroBpeMeHHOCTBIO.

Haubonee ¢usnueckn 0OOCHOBAaHHOW MOJIEIBI0O MHOTOJETHUX KoneOanuii YKM
SBJIICTCS ypaBHEHHWE BOJHOTO OajlaHca MOps, TaK KaK OHO TIO3BOJISIET JOCTATOYHO
OOBEKTUBHO OIICHUTH POJIb OTACIBHBIX COCTaBIIAIONIMX BOJHOrO OanaHca (MaTepUKOBBIN
CTOK, OCAJIKH, BBITIQJAIOIINE HA TIOBEPXHOCTh MOPSI, TIOJ3EMHBIN MPUTOK, UCIIAPEHHUE U CTOK
BoJibI B 3aKB Kapa-Boras-I"ox), a Takke ycTaHOBUTh IPUYMHBI 3TUX U3MEHCHUH.

YpaBHEHHE BOAHOTO OallaHCa IMEET BU]T

AHAt — zQﬁb + Q'ﬁii(;. _Qééé +P— EiAHG , (1)
S S S

rie  AH,,— u3MeHeHue CpeaHero YpOBHS MOpPS 3a ONPEICIICHHBIN MPOMEXKYTOK
BpeMeHu At ; ZQﬁO — yBeIMYEeHHE 00beMa MOps 3a CUET CYMMapHOI'O IOBEPXHOCTHOIO

croka Bonru, Kypsi, Ypana, Tepeka, Cynaka, Camypa, UpaHCKHX PEK U MEXITYPeUbs; Quac .~

00bEM NIOJ3EMHOT0 IPUTOKA; Q o0BbeM cToka Kacnuiickoi Boabl B 3ainuB Kapa-borasz-I'o;

gaa
P — nmoseimenue YPOBHA MOpsA 3a CUCT OCAJKOB, BBINIABHIMX HAa MOBCPXHOCTH MOPH; E -

IMOHUKCHHUEC YPOBHA MOpPA 3a CUCT HUCIAPCHHA C IMOBEPXHOCTHU MOPS; AHG — IIJIOTHOCTHBIC

W3MEHEHUS YPOBHS; S — IJIOIIAb MOPSI Ha MOMEHT pacyera.

XapakTepHOil 0COOEHHOCTBhIO BoJHOrO OanaHca Kacruiickoro Mops, Kak 3aMKHYTOT'O
BOJZIOEMa, SIBJISIETCSI €r0 CHJIbHAsl 3aBUCHMOCTh OT MaTE€pPUKOBOI'O CTOKa, MPEXKIE BCEro OT
cTroka Bounru.

K coxanenuto, B HacTosimiee BpeMsl CBEPXIOJIIOCPOYHOE MPOTrHO3UpoBaHue YKM,
OCHOBAHHOE€ Ha PELICHUH YpaBHEHUS BOJHOIO OanaHca, HE MPEICTABISAETCS BO3MOXKHBIM H3-
3a OTCYTCTBMSI KJIMMATHYECKUX MOJIETEH, aJleKBaTHO OIMCBHIBAIOIIMUX TJIOOANbHBIE, a TEM
Oosiee pervoHajbHbIE HM3MEHEHHUS KIMMaTa, MO3BOJISIOIIME PACCUUTHIBATH KOMIIOHEHTHI
BOAHOro OajaHca Ha MHOTO JieT Brepea. B Hacrosiiee BpeMs METOJl, OCHOBAHHBIM Ha
peleHny ypaBHeHHs BojaHOro OanaHca Kacnuiickoro Mopsi, mMo3BoJII€T COCTaBIATh NPOTHO3
n3Menenuii YKM He Oosiee yeM Ha OUH TOJL.

Metonuka mnporaoza YKM Ha oauH roJ Ha OCHOBE NPUOIMIKEHHOTO pELICHHUs
ypaBHEHHUsI BOJHOTO OanaHca BrepBble Obuta pazpadborana ['.I1.Kanununeiv, K.M.CMmupHOBOIi
u O.N.Ilepemeresckoit (Kanmunun, CmupnoBa, IlepemereBckas, 1968). Brniocnenctsuu sta
METOJIMKa HEOJHOKpaTHO yTouHsuiack. Ha ocHoBe astoi meroauku 'Y «l'mapomerineHTp
Poccum» MHOTO JIeT BBITYCKaeT OI0JIIETEHb ¢ MIPOrHO30M T'OJI0BOIO X0J1a U CPETHETO YPOBHSA
MOpA.

TexHonorusa cocTaBiIeHUs: MPOTHO3a 110 ATOM METOUKE J0CTaTOYHO MOAPOOHO OMHCaHa
B nutepatype (Kamunun, Cmupnosa, Illepemerenckas, 1968; CmupnoBa, 1972; AOy3spoB,
Kpacrok, JlexneBa, 2009). CpenHsas omnpaBAblBa€MOCTb IIPOTHO30B  IMOYTH 34
MATHICCATHICTHUN TTepuo 1 cocTaBuia 85 %.

OnHako B mpolecce ONEpaTHBHOM SKCIUTyaTalldd METOJUKU OBLIM  BBISBIICHBI
HEKoTOphle ee crmabbie mecTa. [loatomy B 2009 r. mMeroamka Obula YCOBEPIICHCTBOBaHA
(AGy3spoB, 2009). VYcoBeplICHCTBOBaHHE 3aKIHOYAIOCh B HW3MEHCHHU  QJITOPHTMA
COCTaBJICHMs NPOTHO3a. B HOBOW BepcHM CHaydaja MO CyMMAapHOMY CTOKY pacCUMTBHIBACTCS
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CpeIHUN ypOBEHb MOPS, a 3aTeM JUIsl KaXKIOTO MyHKTa K HEMY NpUOABISIOTCS 3HAYCHUS
CPEeIHUX MHOTOJIETHUX OTKJIOHEHUN OT CPETHEro YPOBHS MOPS JIJISl KAXKI0TO MYHKTA.

B crapoii meroanke cHaudana BBINOJHSIACH CIOXHAs TPOIEAypa pacdyera MECSIHBIX
npupamennii YKM oTaensHo 1 KaXa0ro U3 ceMu 0a30BBIX IMYHKTOB IO OJTHOM M TOM ke
UCXOJHOW BEIMYMHE CYMMApHOTO PEYHOTO TPUTOKA BOJ, a 3aTeM [0 IOJYYCHHBIM
pe3ysibTaTaM BBIYUCISUICA CPEIHUN ypOBEHb MOpS. DTO HE COBCEM KOPPEKTHO, T.K. JUIS
KQKIOro TMYHKTa pOJIb CYMMAapHOIO TMPUTOKA JOJDKHA ObITh pasHoil. Takum o0Opa3om,
TpYyJAOEMKasl MpOoIeypa COCTaBJICHUS MPOTHO3a Obla CYHIECTBEHHO YIPOIIEHA, MPH 3TOM
TOYHOCTH MTPOTHO30B MOBBICHIIACh. KpoMe TOoro, ¢ y4eToM HaKOTUIEHHOW 3a TIOCTICTHUE TO/bI
TUAPOMETEOPOJIOrHUecKOoi nH(pOpMaluu, ObLIM YTOYHEHBI CPETHUE MHOTOJIETHUE 3HAYCHUS
UCIIAPEHUs U OCAJIKOB, CPEIHHUE MHOTOJICTHUE 3HAYCHUS OTKJIOHEHUW ypOBHS Mops s 7
0a30BBIX MYHKTOB OT CPEAHET0 YPOBHS MOPSA M JOMYCTUMBIE MOTPEIIHOCTH HMPOTHO30B IS
9THX MYHKTOB.

ComnocraBneHue  CcpefHEeW  OMPaBIBIBAEMOCTH  PETPOCHEKTHUBHBIX  MPOTHO30B,
cocTaBlieHHBIX 3a nepuoA ¢ 1992 mo 2006 rr. no crapoil 1 HOBOW U METOJUKE IO OJHUM U
TEM € MCXOJIHBIM JIaHHBIM, MOKa3aslo, 4TO 3(PPEKTUBHOCTH HOBOM METOAUKU Ha 6% BBIIIE
a¢(heKkTHBHOCTH cTapoid. B mepBoMm cirydae onpaBasiBaeMOCTh coctaBmia 91%, a Bo BTopom —
85% (puc. 1).

105 7

100
o]
E? g5 FAVA\\——EL e
I e ——— e
T 2 g5
@ 2 e el
%E a0 —
=S 75
= 70
© g5

g0 . . . . . . . . . . . .

I 1] (LY £ IR, /¥ T 4 ® | i
M e ¢cA U bl
—0ERIA MeT0 0 — B — CTapLIE MeTo

Puc.1. I'paduk comocrasieHus pe3yibTaToB NMporHo3oB YKM Ha ofuH roja Brmepea MO CTapod u
HOBOU METOJIUKE

Ha ocHOBe ycOBEpIIEHCTBOBAaHHOTO MeToJa OblI  pa3pabdoTaHa TEXHOJOTHS
aBTOMAaTHU3UPOBAHHOTO MPOTHO3a rogoBoro xoaa YKM (Aoyszspos, Kpactok, Jlexxuaera, 2009).
[TporpaMMHBIN KOMIUIEKC COCTOUT M3 HECKOJBKUX OJIOKOB, CUCTEMHO CBSI3aHHBIX JpPYI C
JIpyroM, HauuHas OT OJIOKa BBOJA M KOHTPOJIS HMCXOMHBIX TAHHBIX M KOHYas OJIOKOM
dopmupoBanus Orojuterens. K OrosuieTeHio npuiaraercs rpaguk XojAa CpeAHHUX MECSYHBIX
YpOBHEHN U CPeTHUX TOAOBBIX YpOBHEH (pHC. 2).
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X0 CPENHHX MECAYHLIX YPOBHEH H CPENHHE rOQ0BLE YPOBHH KacnuiAckoro Mops B 2008- 2010 r.r.
YpoeeHe [cH)
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Mecaumwu

1 OxHOaEMBIA X00 CPEQHHX MECAMHEIX ypoEHed B 2009 r. v oxHnaeMEN CPeAHHA ronoBOKH ypoeeHs B 2009 .

2 O¥HOABWHACA X0A CPEAHHX MECAYHBIX YPoBHER B 2008 r. H 0XXHQABWHACA CPENHHA TONOBOH ypoBeHs B 2008 r.
3 PAKTHYECKHHA X000 CPEAHHX MECAUHLES YpoBHEA B 2008 roay M hakTHYECKHA CPEAHHA roA0BOA ypoBeHs B 2008 r.
4 OxHAAEMBIA X0 CPeAHHX MECAYHBIX YPOBHER B AHBapE - anpene 2010 r.

Puc.2. 'paduk xo1a cpeTHUX MECAYHBIX YPOBHEH M CPEIHHUX TOJOBBIX ypoBHeH Kacmuiickoro Mops B
2008-2010 rr.

IIpornocTuyeckue oleHKH 0:KMIaeMbIX H3MeHeHN ypoBHs Kacnmiickoro mopsi Ha
cpoku 5-6, 12 u 18 et

[Ipornoz VYKM ¢ romoBoii  3a0jaroBpeMEHHOCTHIO  TO3BOJSIET  MPABHIBHO
OpPHEHTUPOBATh NOTPEOUTENEH OTHOCUTENBFHO X0J1a YPOBHS B Mpejeax MpeJCTOAIIEero roja,
HO TAaKOM MPOTHO3 YAOBJIETBOPSET AAJIEKO He Bcex. Hanmpumep, MpOeKTHbIE U CTPOUTEIBHBIE
OpraHM3aly HyXJarTcs B NporHo3ax YKM Ha HECKONbKO JIET U JaXKe IECSITHIECTHI
Bnepen. Iloatomy B I'Y «I'mapomeruentp Poccunm» npeanpuHUMaINACh IIOIBITKU
pa3paboTaTh MPOrHO3HbIE OLleHKU u3MeHeHuit YKM Ha cpoku ot 5-6 jet u Oonee.

Bosmoxknocte mpornoza YKM Ha 5-6 ner Bmepen BIiepBble ObUIa TMOKa3aHa €Ile B
cepenune 40-x rogos npouwioro croietus H.A.benunckum u I'.I1.Kanmunaunasim (bennuckui,
Kanunaun, 1946) u nosnnee pasButa B paborax K.M.CmuphnoBoit (CmuphoBa, 1972).
BelIntontHEHHBIE UMM M CCIIEIOBAHUS OCHOBBIBAIMCH HA THIIOTE3€, COIIACHO KOTOPOM XapakTep
MHorojeTHux kojebanuii YKM ¢opmupyercs B TeueHHE NPOJODKUTEIBHOTO BpPEMEHU
pa3IMYHBIMM IO XapakTepy arMocdepHbiMH mpoueccamu. I[Ipu stom peakuus YKM Ha
BO3/IeHiCTBUE aTMOC(EPHBIX MPOIECCOB HACTYIMAET HE cpa3y, a C HEKOTOPBIM 3ama3bIBaHHEM.
Bpewmst 3ama3gpiBaHUs MHTEPIPETUPOBAIOCH KaK XapakTepHoe Bpemsa amantauuu YKM k
M3MEHUBIIEHCS (opMe aTMOCPEepHONW HUPKYISAIHMHU, KOTOPOE MOXKHO pPacCMaTpUBaTh Kak
3a01aroBpeMeHHOCTh TporHo3a. [Ipornoz YKM crpownsics Ha OCHOBE aHalM3a aCHHXPOHHBIX
CBSI3€H MEXIy MHTETrpalbHbIMH 3HaueHUsIMH Y KM U HHIeKCaMu HUPKYISIITUH aTMOC(HEpHBIX
nporeccoB (mo benwmHCKOMY), pacCuMTaHHBIMU JUIsl OTNpENETeHHBIX pailoHOB CeBepHOM
Atnantuxu u EBporsl (1o cxeme Butenbca).

[Ipornoz YKM wa 5 ger odumuansHo BbImycKasics ¢ 1951 1. w  mgaBan
YJIOBJIETBOPUTENBHBIE pe3yabTaThl. CpelnHss olpaBablBaeMOCTh MporHo3oB YKM 3a 30-
JIETHUH TIeproJ1 cocTaBmia 77% Tpu TOMyCTUMOM MOrpemHocTH + 40 cM.

B ycnoBuUsAX MOCTOSIHHO MEHSIOLIErOCs THIPOMETEOPOJIOTMYECKOr0 PEKUMA MOPSL U €T0
OacceitHa, TOYHOCTh MPOTHO30B 10 MeTouke benmackoro-Kammanaa-CMupHOBOM, UMEOITICH
SMIIUPUYECKYIO OCHOBY, CO BpeMeHeM yxymamanach v B 1982 r. opuuansHblil BBITYCK 3THX
MIPOTHO30B OBLT MPEKpaIIeH.
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B mocnenHue roapl HAaKOMJIEH OCTATOYHO YOEIUTENbHBIA Marepuan Ui PelIeHHS
BOIIpOCAa O MPUYMHAX MHOTOJETHUX KojeOanuii YKM B moap3y npeBaMpyromied poJIu
kiumarudeckoro (¢akropa (Kammuun, Cwmupnoa, Illepemeresckas, 1968; AGy3sipos,
®dpoos, 1995; Cunopenkos, IlIseiikuna, 1996). Ipyrue GakTopsl, Takue Kak TEKTOHUYECKHE
IIPOLIECCHI, AHTPOIIOTEHHBIE U KOCMUYECKHE BO3/AECUCTBUS XOTSI U OKa3bIBAIOT OIPEJIEICHHOE
BIUsiHUE HA KoseOanuss YKM, HO He UMEIOT PEIIaoIero 3HauYeHusl.

B ykazanHbIX BbIIEe paboTax ObUIO MOJATBEPXKAEHO, UTO HanOoJee KPYIMHbIE aHOMAJIHH
B MHoOroseTHeM xoae YKM cBs3aHbl co cMeHOW ¢opM aTMOCHEpHOW IUPKYJIAIHH B
Atnantuko-EBpasuiickom perunone. KpynHomacimitabHble LHUPKYJISLHUOHHBIE MPOLIECCHI
bopMupYIOT OCOOEGHHOCTH KJIMMATHYECKUX U TMOTOAHBIX YCJIOBHM HaJ CEBEPHBIM
MOJIYIIAPHEM U €TO OTICNIbHBIMU PerHoHaMu. B 3Tux paborax Takxke ObLJIO MOKA3aHO, YTO KaK
noHmwxenue YKM, nauaBmeecs B 30-x rogax MpoLLIOro CTOJETHS, TAK U €ro MOABEM I0CIIEe
1977 1., ABHAIOTCS TPOSBICHUEM pPaTUKAIBHBIX TpaHc()OpMaIuii, NPOUCXOMSAMUX B
KIIMMaTHYeCKON CHCTEME, 4TO, B CBOIO OUepe/ib, OTPAKAETCs HAa OCOOEHHOCTSX ITUPKYIISIIUN
aTMocQepbl, KOTOphIe, B KOHEYHOM cueTe, (POPMHUPYIOT IMPOLECCH KPYIMHOMACIITaOHOTO
TEIUIO- M BJIAarooOMeHa Haj eBpomeiickoil Tteppuropueir Poccum U, Kak cleacTBue,
ONpeAesoT ypoBeHHbI pexuM Kacnuiickoro mops. Hambonee 3pumo 3Tu mporiecchbl
OTpaXKeHbl B U3BMEHYMBOCTU XapaKTEPUCTUK LIEHTPOB AeWcTBUS aTMOochephl (UCIaHACKOTO U
aJIeyTCKOT0 MMHMMYMOB, a30PCKOT0, CHOMPCKOI0 U raBaiickoro MakcuMyMoB). EcTecTBeHHO,
YTO Ha 3TU OOIIME 3aKOHOMEPHOCTH HAaKIIAJbIBAIOTCS OoJiee CIOXKHBIE HUPKYISIIUOHHbBIE
IPOIECCHl PErMOHATFHOTO MacHiTada ¢ MEHBIIEH MPOJOKUTENIFHOCTRIO JKU3HU, a TaKXkKe
Pa3IMYHOr0 pojia aHTPOIIOTEHHbIE BO3/ICHCTBH S, HAPYIIAIOIINE NPUPOJIHBIE 3aKOHOMEPHOCTH.

VYuuTbiBas MOJOKHUTENBHBIM ONBIT MPOLLIBIX JET MO BBITYCKY IPOrHO30B Ha 5-6 JieT
BIiepe, Metonuka bemnnckoro-Kannuuna-CMupHOBO# Oblila CyIIECTBEHHO J0pa0oTaHa B
I'Y «'unpomeruentp Poccum» (AGy3sipos, 2003) ¢ Tem, YTOOBI BO30OHOBUTH PETYIISIPHBIN
BBIIYCK 3TUX NPOrHO30B. CyTh yCOBEPIIEHCTBOBAHUS METOUKHU 3aKJII0YAIach B CICIYIOIIEM.
Bo-niepBbiX, B KadecTBE MPEAUKTOPOB IPU IOCTPOEHUU MPOTHOCTHUECKUX YpaBHEHUU
UCIIOJIb30BATMCh HE MHAEKCHI LUPKYIAIUU 1o benuHckoMy, a K03 (GUIMEHTHl pa3iokKeHus
nojied aHOMaJ Wil NPU3EMHOT0 aTrMoc(EepHOro JaBi€HHUS B pAObl [0 SMIHUPUYECKUM
opToroHasibHBIM (yHKIMSIM (DO0®d), KOTOpBIE PACCUUTHIBAIOTCS OOBEKTHBHO C IOMOILBIO
KOMIIBIOTEPHON TMporpamMmbl s S5 JUIsl KPYNHBIX CEKTOPOB CEBEPHOTO MOdyIHIapus |
apXUBHUPYIOTCA. DTO TMO3BOJISIET 00eCHeunBaTh OJHOPOJHOCTh UCXOJIHBIX psjoB. C apyroi
CTOPOHBI, KaK TOKa3ajia MpakTUKa, KOd(HUIIMEHTHI pa3ioxeHus 00jiee€ TOYHO OMHMCHIBAIOT
KOH(UTyparuio HCXOAHBIX OApUUYECKUX MOJIEH.

Kak u3BectHO, pa3zpaboTka nmporHo3a YKM nHa Oosblime cpoku HenzO0exHO TpeOyer
COOTBETCTBYIOLIIETO YBEJIUYEHHUS MAacIITabOB BPEMEHHOTO OCPETHEHHS HMCXOTHBIX PAIOB,
yTOOBI BBISIBUTH Han0oJIee XapaKTepHble 0COOCHHOCTH MPOIECCOB, MTPOTEKAIOIUX B MOPE U B
atMocdepe. C yBenuueHUE HMHTEpBaJla OCPETHEHMS YBEJIMUYMBAETCS OTHOCUTENIBHAS POJIb
aTMOC(EepHBIX TPOIIECCOB B MOJTOCPOYHBIX TporHo3ax YKM. Ha crimaxeHHBIX KpHUBBIX
Han0oJiee YETKO MPOSBISIIOTCS KPYIHbIE aHOMAIMM, KakK B XOJIe TOJI0BBIX Nnpuparmienuii YKM
(AH), tak u B xome ko3 ¢uimentor pasnoxenus (Bj) . [Ipu 3Tom xonq AH B OCHOBHBIX
gyepTax MOBTOPSAET XapakTep Xoaa Bj ¢ onpeneneHHbIMU CIBUTaMU OTHOCUTEIBHO APYT APYyTa.

CratucTUYeCKUi aHaIW3 BHYTPEHHEH CTPYKTYpbl BpPEMEHHBIX pAJIOB TOJOBBIX
npupamieanii YKM u napameTrpoB atMoc(epHON HUPKYISINUU, BBITOIHAEMBIH C TOMOIIBIO
MeTOJIa KOPPEISIIIMOHHO-CIIEKTPAIIBHOTO Pa3JI0KEHHs], MO3BOJIMJI YCTAaHOBUTbH, Kakas IO
U3MEHYMBOCTHU JAHHOM XapaKTEePUCTHKHU MPUXOAUTCS HA TE, UM UHbIE MACIITAObI IBUKECHHUS.
B pasHooOpa3uu nmpuemoB yueTa BIusHUSA aTMochepHor Hupkyisiun Ha YKM 3anoxeHbl
00J1bIIIE BOBMOKHOCTH JUISL pa3padOTKU MPOTHOCTHUECKUX OLIEHOK M3MeHeHus: Y KM.

Jns pa3pabotkum Meroawku mnporHo3a YKM wucmonb3oBasics psin HaOMIOJICHUNA 3a
YpPOBHEM MoOps 1O NocTy Maxaukana, KOTOpPBI XOpOIIO COIJIAcyOTCS C XOAOM CpPEIHETO
ypoBHsI Mopsi. BekoBoit xom YKM mpencraBiser co0oil SpKO BhIpaKEHHBIN HETWHEHHBIN
(HecTanMoHApHBI) Tporecc. UTOOBI MCKIIOUUTH WM, MO KpaiHel Mepe, CYIIECTBEHHO
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YMEHBIIUTh 3Ty HEJIMHEHHOCTh, UCXOAHBIA Psifi MPUBOJWICS B COOTBETCTBUE C MOJIEIBIO
CTAIlMOHAPHOT'0 CJIy4allHOTO TMpoIecca ¢ TeM, YTOObBI K HEMY MOXKHO OBbUIO NPHUMEHHTH
anmaparT MaTeMaTHUYeCKOM CTAaTUCTUKU. JlJIs ATOro B KauecTBE IMOKa3aTesisi M3MEHUYMBOCTH
YKM ucnoias30Bamuch He aOCOTIOTHBIE YPOBHH, a WX MPHUPAIICHUS B CMEKHBIE T'OJIbI, TaK
HazbiBaeMble IniepBole pasHocth (AH =H, —H, ;). DOT10 mnos3Bosmno mnpusectu psag K

KBa3HCTAI[MOHAPHOMY BHJY M IPUMEHUTH K HEMY METOIbl CTATUCTUYECKOTO aHAJIH3a.

Jlis cy)XIeHHs O pa3BUTUU aTMOC(HEPHBIX MPOLECCOB HAJ KPYNHBIMU TEPPUTOPHUIMU
CEBEPHOI'0 IOJIyIIApUsl UCHOJIB30BAIUCH PAbl CPETHETOOBBIX 3HAUYECHUIH KOA(PPHUIHEHTOB
pasioKeHus: IMoJiel aHoOManuil NpU3eMHOro arMoc(epHOro JaBlieHUs B psAdbl 110
SMIIMPUYECKUM OPTOTOHAIBHBIM (PYHKLMSAM, paccuuTaHHble 3a nepuoxa ¢ 1931 mo 2009 rr. B
paboTe MCMONIB30BAINCh JIaHHBIE TOJIBKO 1-ro, 2-r0 M 3-ro CeKTOpa, OXBaTbIBAIOIIUE
ATnanTuko-EBpasuiickyto TEppUTOPHIO CEBEPHOTO MOJIyIIAPUs OT IOJII0CA 0 SKBATOPA.

Jlis MOATOTOBKM BBIOOPOYHBIX PSIOB NMPEIUMKTAHTA U MPEAUKTOPOB Oblja IpUMEHEHa
mpoIelypa CKOJB3SIIETO CIIAKUBAHHUS HCXOAHBIX DPSIOB C IENBIO BBIJICICHUS HanOosee
MHTEPECYIOIIUX HAC YYaCTKOB B MICXOJIHOM CIIEKTpE.

CrinakeHHass aBTOKOPpEISIIMOHHAS (YHKIHMS M COOTBETCTBYIOIIas € (QyHKIus
CIEKTPAJIbHOM IJIOTHOCTM YETKO YKa3blBalOT HA IPUCYTCTBUE  YYAacCTKOB CIIEKTpa C
nepuogamu 5, 12 u 18 ner, uto JaeT ykazaHue Ha BO3MOXKHOCTH IporHo3upoBanus YKM Ha
3TH CPOKHU.

VYpaBHEHHE MHOXKECTBEHHON PErpeccHy CTPOMIIOCH IO CXEMe

(O AH),x =Co+2a,-(D_AB), +d )

rie (ZAH )i.n — HAKOIUIEHHAs CyMMa rofoBbIX npupamenuii YKM 3a 5-6 ser Ha
MOMEHT MPOTHO33; (Z:AB\I ), — HAaKOIUICHHas CyMMa TOJIOBBIX MPUPAIICHUN K03(DPUIHEHTOB
pa3NoKEeHUsT 3a TPEANIeCTBYIOIIME 5-6 JIET OT MOMEHTa COCTaBlieHHMs mporHosa; C, —

CBOOO/IHBIN WieH; a; — koddduiments! perpeccun; d — ommoOKa nporHosa. MIHeIMu croBamu,

€ClIM HAKOIUICHHblE CyMMbI KO3((UIIMEHTOB pa3joXKeHHUs Iojiell aHOMainuil JaBieHus
Opamucek 3a roael 1991-1996, 1992-1997 u T1.1., TO cpenHeromoBsie mpupameHus YKM
CYMMUpOBANUCH 3a rogsl 1997-2002, 1998-2003 u T.x1.

[Ipy mocTpoeHMM MPOTHOCTMYECKHUX 3aBUCUMOCTEH MPHUMEHSUICS — aJanTHBHO-
PErpeCCHOHHBIA  MOJXO0/, KOTOPBIM MCKIIOYaeT HEOOXOIUMOCTh 00s3aTeIbHON MPOBEPKU
MIPOrHOCTUYECKOTO YpaBHEHMsI HAa He3aBUCHUMOM psije. OH 3akioyaercss B TOM, UYTO BCE
pacueTsl, cBsi3aHHbIe ¢ IporHo3oM YKM, Benyrcs B pekume CKOJIb3ALIETO OLICHUBAHMUS, T.€.
MIPOTrHOCTUYECKOE YPABHEHHE Ka)blil T'0J] MEPECUUTHIBAETCS, TEM CaMbIM aBTOMAaTHYECKU
COXpaHseTCs €ero CTaTUCTUYecKas YCTOMYMBOCTb. Takoil moaxosl ocoOeHHO 3(QeKTHBEH,
KOTI'/1a MPUXOJUTCS UMETh JIEJIO C IOCTATOYHO OrPaHUYEHHBIMU 00BEMaMH BBIOOPOK.

Ha marepuanax He3aBHCHUMBIX NMPOTHO30B, cocTaBieHHbIX 3a 21 rox (1989-2009 rr.)
MOKa3aHO, YTO YCIEUIHOCTh MPOrHO30B Ha 5-6 JET MO YCOBEPUICHCTBOBAHHON METOIMKE
OKazajachb NOYTHM Ha 12% BBIIE YCHEMIHOCTH IPOTHO30B, BBIIYCKAEMBIX II0 CTAapoOu
Metosuke. [1o HOBOI MeTouKe cpeaHsisl ONPaBIbIBAEMOCTh MPHU JOMYCTUMOMN omnOke 32 cM
coctaBuiia 90%. 9TO 1aeT OCHOBAHUE MCIIOIB30BaTh HOBYIO METO/IMKY B ONEPaTUBHON paboTe
IIPU COCTABIICHUH PETyJISpHBIX TPOorHo30B YKM Ha 5-6 ner.

JlaHHBIH TOAX0] OBII MCHOIB30BAH /ISl TOCTPOEHUS METOIUKH MporHo3za YKM Ha 12
n 18 mer. IIporno3 YKM paccunteiBaics no ypaBHEHHSIM PETPECCUH, B KOTOPBIX B KAYECTBE
IIPEIUKTOPOB U MPEAUKTAHTA, HCIOIb30BAINCH PsAbl HAKOIUIEHHBIX CyMM 10 12-u uim 18-
JIETUsIM, COOTBETCTBEeHHO. Ha puc.3 mpencrasieH mporHos Ha 12 ser, coctaBieHHbI B 2005
r. OH B OCHOBHOM MOJTBEPXkKAaeT OoJiee paHHUN MPOTHO3 Ha 18 jer, cocTaBneHHbId B 1997 1.
(AGy3spos, 2003).
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Puc.3. ®axtnueckuit xox ypoHs YKM u nporuos go 2015r., cocraBnennsii B 2003 r.

Metoa u TeXHOJIOTHSI ABTOMATH3UPOBAHHOI0 IPOTHO32 ITOPMOBBIX HATOHOB

PacueT M nporHo3 CroHHO-HAaroHHbBIX SIBJICHUH SIBJISETCS BaXXHBIM U HEOOXOAUMBIM
YCIIOBHEM HE TOJIBKO JUISl 3aIUTHl HH(PPACTPYKTYphl OEpEeroBoi 30HBI OT HABOAHEHUI, HO U
JUIsl IPOEKTUPOBAHUS U CTPOUTENBCTBA TMAPOTEXHUUECKUX COOPYKEHUH.

B mnocnennue roapl B s1abopaTOpUM MOPCKUX TPHUKIAAHBIX HccienoBanuit 'Y
«'uppomeruentp Poccum» BrepBble B cTpaHe ObulM pa3paboTaHbl METOJ U TEXHOJIOTHUS
ABTOMATU3UPOBAHHOIO MIPOrHO3a INTOPMOBBIX HArOHOB M TEYEHHUH TNPUMEHUTEIBHO K
ycinoBusiM Kacruiickoro Mopst Ha OCHOBE TPEXMEpHOU 0apOKIMHHOM Mozenu (3uibpoepTeitn
u ap., 2003).

PacdeTsl ocyIIecTBIAIOTCA HAa CETKE C TOPU3OHTAIBHBIM pa3peuieHueM 5,5 kM g 19
YpOBHEW 1O BepTUKAIU C 3abnaroBpeMeHHOCThI0O 48 4. Mcxomnas mHdopmaius o BeTpe
MOJArOTaBIMBAETCSI HA OCHOBE PETMOHAIBHOM METEOpPOJIOTHYECKOM Mozenu [ 'mapomeruenTpa
Poccnn. B mponecce pacdeToB YyYMTBIBAIOTCS CPEIHUNA YPOBEHb MOpPS MPEIUIECTBYHOLIUN
MOMEHTY COCTaBJICHMsI INIPOTHO3a, U IIOJOKEHUE JIEJOBOM KPOMKHM B 3UMHHMM IEPHOL.
CpenHsist onpaBIpIBAEMOCTh TPOTHO30B IITOPMOBBIX HAroHOB C 3a0J1aroBPeMEHHOCTHIO 48 U
cocraBuia 68%.

Ha puc.4 npencrasieH npuMep pacyeTa Mo THAPOAMHAMUYECKON MOJEIH A ciaydast
OJTHOTO M3 Hambosiee pa3pyIIUTENbHBIX HAaroHOB, KOTOpBIH HaOmogancs ¢ 12 mo 16 mapra
1995 r. Kak BuAHO, COOTBETCTBHE MEXy HAOJIOJEHHBIMH U PAaCCUUTAHHBIMH KPHUBBIMU
X0/1a IITOPMOBOT'0 HArOHa JOCTaTOYHO YJIOBJIETBOPUTEIBHOE.

191



W

o
t

W]

[
]

[

vD
ta

=1
-
(V)
W
I
ta
o}

t. C¥TKH

Puc.4. Xox ypoBHsI MOpsi BO BpeMsl IITOPMOBOro Harona 12-16 mapra 1995 r. Ha nocty «Jlaranpy
(CHHOH_IHaSI JIMHUA — XOJ YPOBHA BBIYMCJIEHHBIM 1O MOACIN C YYCTOM 3aTOINICHUA W OCYUICHHA,
MYHKTUPHAS JIMHUS — XOJl YPOBHS, PaCCUMTAHHBIA MO MOJIeNn Oe3 ydeTa 3aTOIUICHHS W OCYIIeHHS,
XKHUPHBIMH TOYKaMH 0003Ha4YEH eKedacHble HAOIIOACHHS 32 YPOBHEM MOPSI.

AHanu3 pe3ysibTaToOB pacyeToB IOKa3all, YTO OCHOBHON HMCTOYHMK OIIMOOK MPOTHO3a
YPOBHSI CBSI3aH C HETOYHOCTBIO METEOPOJIOTMYECKOIO MPOTrHO3a, OO0YCIIOBJIEHHOIO CIa0bIM
IIPOCTPAHCTBEHHBIM pazpelnieHneM arMmochepHoit moaenu. OMmUOKN Takke BO3ZHUKAIOT MpPU
MHTEPIIONSILIMYA 3HAYEHUI YPOBHS U3 y3JI0B PACUE€THOM CETKM B TOUKH HAOIIOIEHUH.
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AHHOTAIMA

PaccmaTtpuBaroTcs reosoro-TeKTOHHYECKasl, aHTPONIOTE€HHAass M KJIMMaTHYecKas KOHLEMIIUU
HernocTostHCTBa ypoBHs Kacmwmiickoro mops. IlokasaHo, 4TO HENMOCTOSIHCTBO ypPOBHS 0OYCIIOBIIEHO
KIMMaTHYECKUMH U AaHTPONOTeHHBIMH (AaKTOpaMH, BIMSHHE TEKTOHHYECKUX IIPOIECCOB Ha
HN3MCHYHMBOCTL YPOBHA HE3HAUUTECIIBHO.

BBenenue

TeHeHIMsT BEKOBOIO CHMXKEHHUS YpoBHsI Kacnmuiickoro Mopsi, HAMETHBIIASACS B KOHIIE
80-x rogoB X1X B., 3aBepmmiack B 1977 r. magenuemM 10 camoi Hu3kor otmeTku -29,0 m BC,
3a()MKCHPOBAHHON BIEpBBIC 3a TMocienHee TeicsdeneTne. B 1977 r. orMerka ypoBHs
Haxoauinace Ha 3,2 M HIDKe, ueM B Hauaine XX B. B pesynpraTe HauaBmerocs ¢ 1978 r.
WHTEHCUBHOTO IMOABEMa, CPETHETOI0BAsT OTMETKA ypOBHS AocTuria B 1995 r. 3nadenwus -26,6
M. [locne He3HauuTenbHOro moHmwxkeHus ¢ 1996 mo 2001 rr. (ma 0,5 M), 00yCIOBIEHHOTO
KJIIMMAaTUYE€CKUMHU TIPOLIECCAMU U BOCCTAHOBJIGHHEM €CTECTBEHHOrO CToka B 3ayimB Kapa-
boraz-I'on, ypoBeHb MOpsi B MOCIEAHUE TOAbl HAXOJUTCA HA OTHOCUTENIBHO BBICOKUX
otmeTkax. B 2009 r cpenneromoBasi orMeTka ypoBHs qocturia cocrasmia —27,15 m bC.

HeraTtuHble nocnencTsus noabema ypoBHs B 1978-1995 rr. Tak xe, Kak ¥ ero najeHus
B 30-e¢ ro/bl, BHOBh MPHUBJIEKIN BHUMAaHHE K OCHOBHOW MpoOJeMe MOpPsS — HEMOCTOSHCTBY
YpOBHS U UCCIENOBaHHIO ero mnpuduH. Cpeau MHOTOYHUCICHHBIX MPUYMH U (AKTOPOB,
OTIPENIETISIONIUX ~ HEMOCTOSIHCTBO  yYPOBHS, MOXHO BBICIUTh TPU OCHOBHBIX. OITO
KIIUMaTH4ecKass HM3MEHYHMBOCTh (TVI0OanmbpHasi, pPETHOHANbHAS W WX B3aHMOJCICTBHE),
AHTPOIIOTEHHAsl JIEATETLHOCTh B MOPCKOM OacceilHe M TreoJIoro-TeKTOHHYECKHE MPOIIECCHI,
MeHstole 00beM MOpPCKOM BmaauHbl. Bo3aelicTBrue 3TuX (akTOpoB Ha KOJNEOAHUS YPOBHS
MOPsI 1aJIeKO HE OJIMHAKOBO.

I'eostoro-rekToHn4YecKkasi KOHIENIMS

Kacnuifckuii peruoH mnpeacTaBiseT coO0OH YHUKAJIbHYIO TeoMOP(OIOrHYECKYIO,
TEKTOHMYECKYI0 U I'€OJMHAMUYECKYI0 CHUCTEMY, OTJIMYAIOUIYIOCS BBICOKOM MOOMIIBHOCTBIO.
3nech mepecekaroTcs CyOMepUIMOHANbHBIM YPaabCKUMl M CyOLIIMPOTHBIM ANbIMICKUN
(KaBka3z-Konernar) oporennsle mnosica, compsiratotrcsi Pycckas, Ckudcekas u Typanckas
winTel. Ha Bclo 3Ty ClIOXKHYIO MOP(OCTPYKTYpY HaloXeHa Mojozas cyOMepuIuoHaIbHas
Kacnmiickass BmaguHa. MccnemoBaHusl MMOKa3aid, YTO TJIABHBIE HJTallbl MEPECTPONKH
MopdocTpykTypsl Kacnuiickoil BmaguHbl U CMEHBI KIUMAaTHYECKMX OOCTaHOBOK B OOIIMX
yepTax 4acTo COBIAJaJIM, MPUBOAS K U3MEHEHHIO BOJAHOIO 0ajaHca M YPOBEHHOTO PEXHMA.
Bce nmepexopl OT paBHOBECHOTO K HEPABHOBECHOMY COCTOSTHHIO OBLIM KPaTKOBPEMEHHBIMH,
UMITYJIbCHBIMHA M HOCHJTH KaTacCTpOPUIECKUI XapaKTep.

Haubonee omyTuMbiM  BIHMSHHE TEKTOHUKHA OBUIO B JallEKOM TI'€0JIOTHYECKOM
MPOLLIOM, KorAa npoucxoauio ¢popmupoanre Kacnniickoi BliaguHbl 1 MOPCKOTO OacceiiHa.
B mnepBoii MOJOBHHE YETBEPTUYHOIO IEPHUOJAAa TEKTOHMUYECKHE JBMXKEHUS B 00JIACTH
Kacnuitckoro Mopst mpuBOAMIN K AedopMaliiu IpeBHUX OeperoBsix ymuuil (OEmopos, 1957).
OpHaKo UX CKOPOCTH OBLIH B JIECATKH pa3 MEHbILIE CKOPOCTEil KoJieOaHu ypOBHS MOPSL U HE
MOTIJIM OKa3aTh CYIIECTBEHHOTO BJIMSHHSA HAa TPAHCTPECCHU M perpeccuu mMops. Kinumartuue-
CKME K€ HM3MEHEHHUs OBbUIM 3HAUYUTENbHBIMH W MPHUBOAMIM K CMEHE JICJHHKOBBIX U
MEXJIETHUKOBBIX JI10X.
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IIo muenuro I'M. PpryaroBa, mpoaHaIu3MpOBAaBIIETO BBICOTHOE IIOJIOKECHHUE YPOBHS
Kacnuiickoro mMopss B pasfnuyHble STambl IUIEHCTOLIEHA, OTMETKa -28 M alc. sBiseTcs
HOPMAaJbHOU IS MEXJICTHUKOBBIX OIMOX M MOXET CIYXHTh CBOCOOpPA3HBIM perepom,
OTIPENICIAIONIMM  TPaHCTPEeCCHI0 WM perpeccuto mops (Peruaros,1997). Ilpu ormerkax
YPOBHSI, paBHBIX WM OJIM3KUX K COBPEMEHHOMY 3HAUCHHIO, YCTAaHABIUBAETCS JUHAMUYECKOE
paBHOBECHE MEX]y IPUXOAHBIMH W PACXOAHBIMH  COCTABIISIIOIIMMU BOJHOTO OayiaHca
Kacnmiickoro 6acceifHa fake mpu HEOIArompUATHBIX KIMMAaTUYeCKHX ycinoBusax. Hmke -
28,0 M ypoBeHb MOpS Majiajil JUIIb B 0CO00 HEOIArONPUSTHBIX YCIOBHUSX.

CoBpeMeHHast 3M0Xa XapaKTEPU3YEeTCsl 3aMETHBIM MOBBIIICHUEM CKOPOCTEN JIBHIKEHHS
3eMHON Kopbl. [lo pe3ynbTaraM reoJuHaAMHYECKUX HAOMIOAEHUI, CpelHHUE CKOPOCTH
JBMKEHUS TUIUTO-OJIOUHBIX CTPYKTYpP COCTaBIIsIOT 5-10 Mm/ron. YcTaHOBIEHO, YTO 3Tanam
TpaHcrpeccuid (C HEKOTOpPBIM ONEpPEeKEHHEM HX BO BPEMEHH) OOBIYHO COOTBETCTBOBAIU
MEPUOJbl PETHOHAIBHOIO CHKAaTHsl, MHTEHCHUBHOTO CKJIQJIKOOOpa30BaHHUS, COKpAICHUS
MIPOCTPAHCTBA, MEPECTPOUKH MOPGOIOTUN U 00beMa Kacnuickol BaguHbl. COOTBETCTBEHHO
perpeccuBHbie (a3bl MPUXOAATCS HAa  JMOXU PpACTHKEHUA. AKTUBH3ALUS TPA3EBOrO
BYJIKAHM3Ma U CEHCMUYHOCTH MPHUXOAUTCS Ha (Pa3bl pacTSHKEHHUS M TIOHMKEHHUS YPOBHS
Kacnuiickoro mops.

Pe3koe BBICBOOOXKIECHHE CEWCMUYECKON HHEPrHMH COIMPOBOXKAACTCS HMITYJIbCHBIMU
(dhazaMu CHMKESHUS WM TIOTbeMa YPOBHSI MOPS, @ CHIIbHBIC 36MIICTPSICCHUS — 3HAYNTEIIBHBIMU
HEeBsA3KaMu BOAHOrO Oananca. OTMeuaeTcsl COBMaJieHUE TEHACHLIUN SHAO- U HK30JUHAMHKU:
KaracTpouyeckoe TmOHIKEHHE YypoBHS B 1930-pie IT. COBHNAAaso 1O BPEMEHH C
KpYIHOMAcCIITaOHBIMU TpoIleccaMy aKTHBH3anuu ceiicmuunoct B Kapnartax, Kpeimy,
Kaskaze, Konernare, tore Pycckoil paBHHHBI, 2 KaTacTpo(UIeCKUil opeM ypoBHs ¢ 1978
nmo 1995 rr. — ¢ a”amormuHbIM mpoueccoM B Typuum, 3akaBkasbe, CeBepHoM Hpane,
3anagnoit Typkmenuu (Jlunmuenbepr, 2001).

Boinensiercss perynsipHass U HeperyisipHas PUTMHUYHOCTb BEPTUKAIbHBIX JABUKEHUUN
nopsimka 100-120, 50-60, 35-40, 25-30, 10-15, 5-7, 2-3 u 1 rona. [lomoOHass pUTMHUYIHOCTH
BBIJIETISICTCS ¥ 110 APYTUM T€OAMHAMHYECKUM COCTaBISIONIUM: BapHalusM T00bun HeDTH U
rasa, rps3eBoMy (Ta3oHE(PTSIHOMY) BYJIKAHU3MY, CEHCMUYHOCTH W (IFOUI0JUHAMHUKE, UYTO
MO3BOJISIET COMOCTABUThH ATU BapHAIlMH C MHCTPYMEHTATbHO U3MEPEHHBIMU (IIYKTyalusIMH
ypoBHs Kacnuiickoro Mops 1 U3MEHEHUSMH TUAPOTOTHUECKUX U KITMMATHYECKUX TTPOIIECCOB.

Pe3ynbTaThl MHOTOYMCIIEHHBIX HUCCIEAOBAaHUN CBUAETEIBCTBYIOT O HE3HAYUTEIbHBIX
TOJIOBBIX BETWYMHAX (BCEro HECKOJIBKO MM B TOJ), HEOAHOPOJAHOCTH M Pa3HOOOpa3HOM
XapakTepe BEPTUKAIBHBIX JBMKEHHM B Pa3MUYHBIX YACTSIX MOOEpEeXbs M Ha OCTPOBAX
Kacnmiickoro mopsi (Amosios, 1956; ®énopos, 1957; Jlykun, 1964; CmupnoBa, 1974;
[Tobenonocnes,1982; PeruaroB, 1997 u gap.). Tak, OGonee 3HAYMTENbHBIE BEPTHKAIHHBIC
CMEMICHUSI MPOUCXOAT Ha AIMIIEPOHCKOM TOJIyOCTPOBE IO CPAaBHEHUIO C BOCTOYHBIM H
CEeBEPHBIM TO00EpeKbeM MOps. BBUIO yCTaHOBIEHO, 4YTO CpEOHSss W BOCTOYHAs YacTh
ATIIIEPOHCKOTO TIOJIYOCTPOBAa HAXOMATCS B CTAUM MEJICHHOTO OITyCKaHHs, Haubojee
WHTEHCUBHOTO B CTapbIX HE(TEMPOMBICIOBBIX paiioHax. BepTukanbHble TBUKECHHS 36MHON
KOpHBI B pailoHe ATIIIEPOHCKOTO TOJIYOCTPOBA MPOUCXOAT HE TOJIHKO 32 CUET TEKTOHHYECKUX
JBUKEHHI, HO CBSI3aHBI TAK)KE U C AHTPOIIOTCHHBIM BIUSHUEM: C 100bI4ei HepTH U ra3a, uTo,
BO3MOJKHO, IIPUBOJIUT K OCEAAHUIO 3eMHOM moBepxHocTH (CMupHOBa, 1974).

Cpenu CTOpOHHHKOB YHCTO TEKTOHUYECKUX MPUYMH Kolebanuil ypoBHs Kacnuiickoro
MOpsSI CYIIIECTBOBAJIO MHEHHE, COTJIACHO KOTOPOMY TPAHCTPECCHH MOPS BBI3BIBAIOTCS
MEPUOIUYECKUMU TOJHATUAMHM YYAaCTKOB JIHA, PAHEE HCIBITHIBAIONINX MOTPYKEHHS, YTO
MPUBOAUT K BBDKMMAHUIO BOJHOW MAacChl U, COOTBETCTBEHHO, TPAHCTPECCHHM YPOBHA. ITO
yTBEpXKJACHHUE TIyOOKo omuO04YHO. Paznuunbie 3Haku aedopmanvy KacUNCKON BIAIUHBI
CBSI3aHbI C €€ TNeOCHHKJIMHAIBHOW mpupoaoi. M3MeHeHue 3HaKa ABMIKEHHU 3€MHOW KOpPBI
JNOJDKHO  TPOSIBUTBCA B Mpefenax BCed  BHOAAUHBI, T.€. JBHKEHHUS  COXPAHST
mudpepeHIIMPOBaHHBIA XapaKTep C TOW JIMINb PA3HUIICH, YTO €CIM B OJHOM €€ 4YacTH
MPOUCXOIUT ONMyCKaHWE, TO B JAPYrodl IOJKHBI TPOSBISATHCS TMOMHATHS, W HAOOOPOT.
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JIBU>KEHUSI TAaKOro XapakTepa HE MOTYT CHJIbHO OTPa3uTbCSd Ha HW3MEHEHUSX YPOBHSI.
CymmapHo nBukeHus Bced Kacnuiickod BHaguHbl MOTYT BbI3BaTh JIMIIb HE3HAUUTEIbHOE
W3MEHEHHE YPOBHS MOpsI, onpeneistoneecs BennunHoi nopsaka +0+3 mm/rox (DPénopos,
1957).

CpaBHEHUE COBPEMEHHBIX TEKTOHMYECKMX JIBKEHUN 3€MHOM KOpBI Ha I0OEpExXbe
Kacmnus ¢ xapakTepucTuKkaMu, MOJy4eHHBIMU 32 UCTOPHUYECKOE MTPOILIOE, CBUAETEIbCTBYET O
TOM, YTO BIIMSIHHME TEKTOHMKM Ha KOJeOaHHs YpOBHS HE MOXET OBITh COM3MEPHUMO C
KJIMMaTHYEeCKUM W aHTPOINOTeHHbIM  Bo3jelcTBUeM. CoBpeMeHHbIE pa3HOHANpaBICHHbIE
BEPTUKAJbHBIC CMEIICHHs JHA U OEperoB B pa3iMYHBIX YACTAX MOPCKOTO MOOEpEekbs U Ha
octpoBax Kacnuiickoro Mopsi, Mo HalIMM JaHHBIM, B OOJBIIMHCTBE CIIy4aeB HE MPEBBIIIAIOT
+ 2,5+11 MM /roa. DTU BeNTUYMHBI B OCHOBHOM COBIIQ/IAlOT C OLIEHKAMH JIPYTUX aBTOPOB H
CBUJICTENLCTBYIOT O HE3HAYUTENHbHOM W3MEHUYMBOCTH BBICOTHOTO IMOJIOKEHUS HYJeH
¢yrmrokoB 'MC Maxaukana, @. llleBuenko, Kyynu-mask u TypxmenOammu (KpacHoBoack)
1 0 OoJee OTUETIMBOM ONycKaHuH Hyna bakuHckoro ¢yrimToka, mpouusiierocs ao 1978 r.,
1I0CJIe Yero HAIpaBJIEHUE BEPTUKAIbHBIX CMEILEHUI TOMEHSUIO CBOM 3HaK. 3a nepuon ¢ 1830
no 1977 rr. BepTUKaIbHOE CMEIIeHHEe OTMETKH Hysl bakumHckoro (yTimiToka, BBI3BaHHOE
TEKTOHMYECKUMHM MPOLIECCAMU, COCTaBUIIO OKoso -50 cM, a ollee CHUKEHHE YPOBHS MOps
3a 3TO BpeMs npousonnio Ha 3,2 M. B konne 1970-x rr. ObI0 OTMEYEHO TaK)KE M3MCHCHHE
HallpaBJICHUS BEPTUKAIBHBIX ABM>KeHUM B IyHKTax @. [lleBuenko u KpacHoBoOICK.

AHTpOIOreHHOE BJIMSHHE

OpHOI M3 MPUYMH MHOTOJIETHUX H3MeHeHull ypoBHs Kacnuiickoro mMops cOCTOMT B
AQHTPOIIOTEHHOM BO3JCUCTBUH Ha THIPOJOTUYECKHN PEKUM peK KacHuiickoro OacceiiHa, a
TaKXe Ha pexuM camoro mMops. B Hauane XX B. popMupoBaHue rupoMeTeopoIorHiecKoro
pexuMa Mopsi IMPOUCXOAUIIO B €CTECTBEHHBIX ychoBusX. B 1930-x romax Havanmoch
CTPOMTENBCTBO MEPBBIX BOAOXPAHUIIHIL U TUAPOIIEKTpocTaHIMKA. Ha X03s11icTBeHHBIE HYX/IbI
B 3TH TOJBI M3 PeK OacceifHa Ge3BO3BPATHO M3BIMATOCH He bonee 5-7 kv /rox. Jlo 1940-x r.
IPUTOK B MOpE OCTaBaJlCsi MPAKTUYECKH E€CTECTBEHHBIM, POJIb aHTPONOTEHHBIX (aKTOPOB
OlLICHUBAJIaCh MPUMEPHO B 2 % OT HOPMBI NMPUTOKA B €CTECTBEHHBIX ycloBUsiX. B 1940-e u
HOCJIEIYIONUE TOJIbl BIHUSHUE XO35HCTBEHHON JEATENIbHOCTH HAa PEXHUM PEK CTAaHOBUTCS BCe
0osiee MHTEHCUBHBIM, B cepeanHe 1950-x romoB yMeHbLIEHHE MMOBEPXHOCTHOTO MPUTOKA K
MOPIO 32 CUEeT XO3IUCTBEHHOH AEATENbHOCTU COCTaBIsI0 He Oosiee 3% MHOTOJIeTHEH HOPMBI
Y HE3HAUYUTEJIbHO BIIUSIIO HA CHUKEHHE YPOBHS MOpSI.

Tak, ¢ 1942 mo 1955 rr. cymmapHble O€3BO3BpaTHbIE H3BATHS PEUYHOTO CTOKA
cocrasisutn okoo 113 km® (8,1 km/rox). C 1956 o 1969 IT., B pe3yibTaTe CTPOHTENBCTBA I
3anoyiHeHus BojoxpaHmnil Bomkcko-Kamckoro kackaaa, Mope HeAONoay4dusio okono 350
KM MTOBEPXHOCTHOTO MpHUTOKa (25 KM3/1“0)1), B T.4. TOJNbKO B cepeaune 1950-x romoB Ha
3aIOTHEHHE HOBBIX BOJIOXPAHIIIHII TOTPeGoBatoch okono 200 kM® peuroit Bosl. B memom, ¢
1942 1o 1990-p1e TOABI B XO3AHCTBEHHBIX IEIIX OBUIO MCIIOJB30BAHO CBBIIMIE | TEHIC. KM
peunoi BojsI (30 KM3/1"OII), B T. 4. B Gacceiie Bouru okomno 600 km°. Takum o0Opa3om, pe3koe
yYMEHBIIIEHNE TIPUTOKA, HavaBIieecss B 1950-X rogoB, MpPOMCXOIUIIO, TJIaBHBIM 00pa3oM, 3a
CYET CHIKEHHS BOJDKCKOTO CTOKA (YMEHBIICHHE COCTABIISIIO B CPEAHEM OKOIO 25 KM /o).

B pesynbrare pacnaga Coserckoro Coros3a M COLUMAIBbHO-DKOHOMHYECKOTO KpHU3HCA,
OXBAaTHBILEr0 MPAKTHUYECKH BCE MPHUKACIIUHCKUE TOCYapCcTBa, MPOMU30LUIO0 PE3KOoe MaJeHHe
MPOMBIIIJIEHHOTO M CEIbCKOXO3SIMCTBEHHOTO MPOU3BOJCTBA U CYIIECTBEHHOE CHIKEHUE
0o0beMoB BojonoTpednenus k Hayany 2000-x romoB. MakcumalibHOE BOJONOTpeOsIeHHE B
Gacceiine Mopsi, B o6beme 70-72 km/ro (B T.4. Ge3Bo3BpaTHOE BojOnoOTpebIeHHe - 40-42
I(M3/FO,Z[), 3adukcupoBano B 1980-bie Tobl, K KOHIYY XX B. 00b€M BCETO BOJOMOTPEOICHUS
cokpatmics Ha 20 kM*/rog m mpumepHo Ha 15 kM>/rox — 6e3Bo3BparHOro. CoBpeMEHHBIC
U3BATUS PEUYHBIX BOJ COCTaBIsitoT, mo gaHHbiM [TU, okomo 28 km’/rog. B Bomkckom
OacceifHe Bce BUbI BOAONOTPEOIEHUS K KOHILY NPEIIIECTBYIOET0 CTOJIETUSl YMEHBIIMINChH
¢ 35-37 xm® puMepHO 10 25 KM/roj, a Ge3BO3BPATHOE BOIOMOTPEOICHAE COKPATHIOCH C
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13-15 km*/rox, 3adukcupoBanroe B 1980-bie TomsL, 10 5-6 kM>/rox B koHume 1990-2000-x
ronax. B Oacceitnax pek Tepeka n Cynaka obiiee Bogonorpednenre yMeHpimmioch ¢ 10-11
10 6,5-7,0 km*/ron. CoBpeMEHHOE yMeHbIIEHHe cToKa Bourum cocraBiser 5%, a Vpaia,
Tepeka u Cynaka - 20-30% 1m0 OTHOILIEHUIO K €CTECTBEHHON UX HOPME, Ha OCTAJIbHBIX peKax
AHTPOIIOTEHHOE CHMKEHUE CTOKA OYEHb HE3HAYMTEIbHO. OPHEHTHUPOBOYHAS OLIEHKA OOIIEro
COBPEMEHHOTO BoJIoNoTpeOeHus B OacceliHax pek Mpana cocraBuia npumepHo 6,0 km*/rox
(IlIuktomanoB u ap., 2003).

CHmkeHne ypoBHS MOPS OJ1 BIUSIHUEM BOJIOX03HCTBEHHBIX MEPONPUITUI B Oacceline
Mopst B 1930-1940-p1e 1T. He mpeBbimano 2-3 cm/rox, a B KoHue 1970-x - nHagane 1980-x
ronoB coctaBisuio 10-12 cm/ron. K konmy 1980-x romoB mmoj BIMSHHEM pa3IdYHBIX
(akTOpPOB XO35MCTBEHHON AEATEIBHOCTH PEYHOU CTOK YMEHbIIWICSA mpumepHo Ha 13 % or
HOPMBI TpHUTOKA. EjkerogHoe CHM)KEHHE YPOBHS MOpS MOJ BIMSHHEM O€3BO3BPAaTHBIX
U3BATUN B HACTOSLIEE BPEMS HE MPEBBIIIAET B CPeIHEM 4-7 CM CIIOSI.

Ponb otnenbHBIX (aKTOPOB XO3SHUCTBEHHOW JI€ATEIHHOCTH B YMEHBIICHUH MPUTOKA B
Mope Ha npotspkernd 1930-2000-x TT. cymecTBeHHO u3MeHmIach. Tak, eciu ¢ 1956 mo 1975
I. K OCHOBHBIM (DaKTOPOM XO3SHCTBEHHOU NEATEIbHOCTH, CIOCOOCTBYIOIIMM HAUOOIbIIEMY
YMEHBILEHUIO NMPUTOKA, OTHOCSITCS COOPYKEHHME U SKCIUTyaTalus BOAOXPAHUJIMIL, TO YXKE B
1980-2000-b1e roab! Beayliast poiib IpUHAJIEKANA 3aTpaTaM BOJIbl HAa OPOILICHUE.

AHTpPOIIOr€HHOE BO3JEHCTBUE HA TUIPOJIOTMYECKUN PEXKUM MOPS ONPENEIIIOCh HE
TOJIbKO HU3BATHUAMU PEYHOTO CTOKA Ha pAa3JIMYHbIe XO3SIMICTBEHHbIE, MPOMBIILICHHBIE,
KOMMYHAQJIbHBIE M TPOYME HYXKABI, HO TaKke OBUIO CBS3aHO C  BO3JCHCTBHEM Ha
ruapojorudeckuii  pexxum 3anuBa  Kapa-boraz-T'on. Bnauane »T0 ompeapensiiock
MEPEKPBITUEM MPOJUBA TIYXOW IUIOTUHOM, BPEMEHHO HW30JUPOBABUIEH 3aJMB OT MOpS M
MPEeKpaTUBILIEH TOCTYIJIEHUE B HEro MOPCKHX BOJA. B pesynbrare mepeKkpbITHS HPUTOK
Mopckux BoJ B 3amuB B 1980-1984 rr. orcyrctBoBai, ¢ ceHtsOps 1984 no utonp 1992 rr.
OCYILECTBIISIIOCh HE3HAYUTEIBHOE PEryIupyeMoe MocTyIuieHue (B o0beMe MeHee 2 xm° /rox),
YTO CIIOCOOCTBOBAJIO TOBBIIIEHUIO YPOBHS MOps MpuMepHO Ha 40 cM.

JIukBupanus MiIOTHHBI B 1992 . U BO30OHOBIIEHHE €CTECTBEHHOI'O MOCTYIUIEHUS B
3aJIUB MOPCKOM BOJBI NMPUBEIN K HEKOTOPOMY CHMKEHHUIO TEMIIOB IMOBbIIIEHUs ypoBHS. C
1992 mo 1995 rr. B 3ayimB noctynmio okoso 130 Km® MOPCKOH BOJBI. 3a CUET TAKOTrO
OOJIBIIIOTO OTTOKA IOBBIIICHWE YPOBHSI OBUIO MEHbBIIE BO3MOXKHOTO mpumepHO Ha 30 cMm.
HaunOonee 3HaumTenbHOE CHIKEHHE YpPOBHs, CBi3aHHOe co crokoM B Kapa-borasz-T'om,
coctaBuiio okojio 12 cm (1995 r.), Koraa B 3a/1MB NMOCTYNWIJIO CBBILIE 46 KM® MOPCKOW BOJIBI.
ITocre 1995 r. exeronHoe CHUXKEHHME YPOBHsSI 3a CUET 3TOM OTPULIATENIBHON COCTABISAIOLIEH
BOJIHOTO OasilaHca MPOUCXOAMIIO B CPeTHEM Ha 5 cM (4-7 cm).

B ecTecTBEHHBIX YCIOBUSIX, HE HApyUIEHHbIX Pa3HOOOPA3HBIM  BIIUSHUEM
XO3SIICTBEHHOM J1€ATEIbHOCTH, HENPEPhIBHBIA NoabeM ypoBHSA ¢ 1978 mol995 rr. Obu1 Obl
npuMepHo Ha 0,5 M Bblle (PaKTHYECKUX OTMETOK M COCTABMJI OKOJIO 3 M., CPEIHMIA TO10BOH
ypOBeHb B KOHIIe XX B. MOT Obl HAXOAUThCA Ha OoJiee BBICOKMX OTMeTKax (Ha 1-1,2 M), ueM B
XIX B., 4TO COBIaAAET C BHIBOJAMHU JAPYTUX UCCIIEAOBATENEH.

KanmaTunyeckass KOHUIenuus

['mmotes3a kiMMaTH4eckoi 00YCIIOBIEHHOCTH MHOTOJIETHUX KOJICOAHUN YPOBHS MOPS
MoJTydnyia MOATBEpKIeHHE B paboTax MHOTHX HCCIeAOoBaTeNel, rae Oblla YCTaHOBIEHA WX
3aBUCHMOCTH OT Pa3JIMYHBIX KIIMMATHYCCKUX XapPAKTEPUCTUK (CYpOBOCTHIO 3UMBI B APKTHKE,
WHTEHCUBHOCTBHIO o0reit HUPKYIISALINAN atMoc(epbl, H3MEHUHMBOCTBHIO OOIIEH
VBIIQKHEHHOCTH EBpOIBI, H3MEHEHHUSIMH TeMITepaTypbl Bo3ayxa | jp.). Konebanuss ypoBHS
OTIPEACTSAIOTCS  HEMOCTOSHCTBOM  COOTHOIICHHS  COCTABIIOIIMX  BOJHOTO  OanaHca
Kacnuiickoro Mopsi, HCIIBITBIBAIOIIMX pa3InyHOE BIMsSHUE Kiaumarta (3aiikoB, 1946; Kocapes
u 1p., 2008). TIocTossHHO HU3MEHSIONIEECS] COOTHOIIEHUE MPUXOIHBIX (MOJOKUTEIbHBIX) U
pacxoIHbIX (OTPHUIIATEIBHBIX) COCTABIISAIONIMX OajlaHCca ONpeesieT MUKINIECKHe KoJieOaHus
00BEMa MOPCKHUX BOJ U, COOTBETCTBEHHO, YPOBHS MOPS PA3TUYHON MPOJOKUTEILHOCTH (OT
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2-X-TIETHUX JI0 CBEPXBEKOBBIX ), HEPETYIISIPHBIA XapaKTep KOTOPBIX CYIIECTBEHHO 3aTPYIHSICT
WX MIpeJICKa3aHue.

3HauuTeNIbHAasg W3MEHYMBOCTh ypoBHs Kacnuiickoro Mopss Ha HpPOTSKEHUH BCErO
nepuoia MHCTpyMEHTaIbHbIX Habmoaenuit (¢ 1830 r. mo HacTosmee Bpems), B T.4. pPe3Koe
nagenue B 1930-e roapl u moabem ¢ koHua 1970-x romoB, 3acTaBUIM IEPECMOTPETH
CYILIECTBYIOIIME METObl HCCleAoBaHUA KoseOaHuil ypoBHsi Kacnuiickoro Mops, ynenss
OosbllIee BHUMaHKUE KOPPEISIMH YPOBHS C KIMMAaTHUECKUMH (pakTopamu.

[IpobGnema n3MeHeHU KJIMMaTa — OJIHA M3 IIEHTPAIBbHBIX B Haykax o 3emie. Ha done
rio0anbHOTo moreruieHust B XX B., KOTOpoe OOJBIIMHCTBOM HCCIIEIOBATENCH CBS3BIBACTCS C
AQHTPOIIOIE€HHBIM BIIMSAHUEM Ha KJIMMAaT, MPOUCXOAWIM TAaKKE CYLIECTBEHHbBIE €CTECTBEHHBIC
BapHalllM KJIMMaTa, HallleJIINe IpKOE NPOSBICHUE B U3MEHYMBOCTU COCTABIISIOLIUX BOJIHOTO
OamaHca M YpPOBHSI 3aMKHYTBIX BHYTPHUKOHTHHEHTAJIbHBIX BOJOEMOB, K YHCIY KOTOPBIX
otHocuTcsa Kacnimiickoe mope.

VYpoeenb Kacmus oTpakaeT BIUSHUE KPYMHOMACHITAOHBIX LHUPKYJISALHOHHBIX
IpoIecCcOoB, (OPMHUPYIONMMX  OCOOCHHOCTH KIMMATHYECKHX W MOTOIHBIX YCIOBUH Hax
CEBEPHBIM TMOJYyIIApUEeM U €ro OTAeNbHbIMH peruoHamu. Ha oOmme 3aKOHOMEpPHOCTH
HaKJIa/IbIBAIOTCSL 00JIee CIIOKHbBIE LUPKYJIALMOHHBIE MPOLECCHl PErMOHAIBHOIO MaciuTada ¢
COOTBETCTBEHHO MEHBIIEH MPOJOKUTEIIBHOCTBIO, & TaKK€ aHTPOIIOI€HHbIE BO3JIEHCTBUS,
IIPUBOAIINE K HAPYLIEHUIO €CTECTBEHHBIX 3aKOHOMEPHOCTEH. YpoBeHb Kacnuiickoro Mops
— MHAUKATOP KPYIMHOMACIITaOHOW KIMMAaTHY€CKONH U3MEHYMBOCTH.

I'unoresa I'.K.MxeBckoro, BIEpBBIE YKa3aBIIEr0 HA CBSI3b MAPOMETEOPOIOTHYECKHUX
ycnoBuit B KacnuiickoM pernoHe ¢ KpynmHOMAcIITaOHBIMU MPOLIECCAMU B3aMMOJCHCTBHS
okeaHa U armochepsl, paspuBarommMucs Hax CeBepHOH ATIAHTUKOW, MOJydWiIa
MOATBEP)KJICHNE B MHOTOYUCIEHHBIX MCCIENOBaHUAX. Tak, Hampumep, OKa3aiaoch, YTO
MOHW)KEHUSI U NOBBILIEHUS YpoBHs Kacnus HaOmonaroTcs MpU OpSIMO IPOTUBOMOIOKHBIX
CHTYaIUsIX B aTMOcdepe HaJl ceBepoaTiaanTuueckuM pernonom (Poaronos, 1989).

3HauUTENIbHOE MHOrooOpa3zue KiacCU(pUKaUUN KOJIMYECTBEHHBIX XapaKTEPUCTUK
aTMOC(EepHON HUPKYISIMUA CEBEPHOTO U I0XKHOT0 MOJIYIIAPH, UCIIOIB3YIOIUXCSA B KaUeCTBE
IPEIUKTOPOB, MO3BOJIIET MPOBECTU JETAIbHBIE HMCCIEAO0BAaHUS MPUYMH KOJeOaHUN ypOBHS
Mopsi. MccreioBanust CBUIETENBCTBYIOT O CBS3M MHOTOJIETHUX KoJjieOaHui ypoBHs Kacnus co
cMeHol hopM aTMOCPEepHON IUPKYIISAIIHUU.

B XX cromeTtuum  BBIAENSIOTCS ~ yCTOMUMBBEIE BO  BpPEMEHH  OCOOCHHOCTH
THUIPOMETEOPOJIOTMUECKUX TPOIECCOB U CBONCTBEHHBIE UM KIHMMAaTHYECKHE D3IOXU C
nepuogamu ot 3 no 30 ner. B mepuonsl mepexoga OJHOTO KIMMAaTHYECKOIO COCTOSHUS
CUCTEMBI B JPYroe NpOUCXOASIT UHTEHCUBHbIE U3MEHEHMsI COCTABIISIOIINX BOJHOTO OanaHca
U, COOTBETCTBEHHO, YpOBHSA MOps. AHaIW3  pa3HOMaclITaOHOW  M3MEHYMBOCTH
KIMMaThdeckoil cucteMbl Kacnuiickoro pernoHa B XX CTOJETHH TO3BOJIMII CHENAaTh
IPEIIOJIOKEHNE, YTO AHAIU3UPYEMBbIE KIIUMAaTUYE€CKUE KOMIIOHEHTBl  OTPAXKAIOT
FeHEeTUYECKOE BO3/IEHCTBHE KOCMUUECKUX U Te0(PU3NUECKHX MEXaHU3MOB.

Bwmecte ¢ Tem, npucyrcTBue 2-3-1€THEH MUKIMYHOCTH YKa3bIBaeT HA CTOXACTHUYECKYIO
U3MEHYUBOCTh  THAPOMETEOPOJIOTMUECKUX  mapamMeTpoB.  OmnpeneieHHyl0  pojb B
(GOpMUPOBAHUU CTPYKTYPHl M HYEPEJOBAHMM OJMOX HUIPaloT (U3NYECKUE MEXaHU3MBI,
00yCIIOBJICHHBIE TPSIMBIM WJIM KOCBEHHBIM BO3/ICHCTBHEM TaKUX (PAKTOPOB, KaK COJIHEUHAs
AKTUBHOCTb,  HYTAllUOHHBIE  KojeOaHus, a  Takke  2-3-JIeTHAS  UUKINYHOCTh
METEOPOJIOTUYECKMX XapaKTepUCTUK, Ha YTO YKa3bIBAET CXOXKECTh OOHAPYXKEHHBIX
MEPUOANYECKHUX KOJNIeOaHUH C IIUKINYHOCTHIO COTHEYHON aKTUBHOCTH (mepuossl 9-13 ner) u
HyTarue mosroca (5-7 jer).

XapakTep KIMMaToo0pa3yIoIIuX MpoLeccoB 1 Konebanuit yposHs Kacnuiickoro mops B
3HAUYUTEIIBHOM Mepe ONPENENsIOTCS COOTHOLIIEHHEM TEMIEPATYPhl BO3AyXa B MOJSPHBIX U
TPOMMYECKUX 30HaX. ['palueHTHl TeMIEpaTypbl BO3/yXa MOJIIOC - HKBATOP B 3HAUUTEIILHOU
Mepe OIpenensioT O0apuueckue rpaJiueHThl U XapakTep aTMoc(epHbIX mpoieccoB. boicTtpoe
NOTEMJICHUE KJIMMaTa BO BHEMOJLIPHBIX MMpoTax B 1970-x-Havane 1980-x rogoB npuseno
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pOCTy MEpHUIMOHAJIBHBIX TIPaJUEHTOB TEMIEpPaTypbl U ONpEAENINIO HU3MEHEHUE
LIUPKYJIALUOHHOTO pEXUMa, B pe3yjbTaTe MPOU30LUIO YBEIMYEHHE OCAJAKOB U CTOKAa B
Oacceitne Bonrn. 9T0 4aCTUYHO ONpPEENINIO HEOXKUIAHHBIN NoabéM ypoBHA Kacnuiickoro
mopst  (JIposzmoB, 1992). Drta Touka 3penus cosmagaer ¢ BeiBogamu E.C.Hecteposa,
CUMTAIOLLETO COXPAHEHHUE BBICOKMX 3HAUEHUN MEPUIUOHAIBHBIX T'PAJAUEHTOB TEMIIEPATyphl
noBepxHoctu okeana (TIIO) B CeBepnoit ATmantuke nocie 1975 r., OCHOBHOW NPHYMHON
JUTUTENILHOTO MPeobiiaianus 30HABHBIX GOpM aTMOC(hEepHON MUPKYISALUN B peTHOHE. JTO, B
CBOIO 04epe/ib, 00YCIIOBIIIO BO3PACTAHUE KOJMUYECTBA LIMKJIOHOB, MpUxoaiux u3 CeBepHol
ATnantuku B 6acceitn Boiru, yBenuyenne 0caxoB 1 MHOTOBOJHOCTh BOJDKCKOTO CTOKA, UTO
Y TIpUBEJIo K moabeMy ypoBHs Kacrnutickoro mopsi. [Tociie 1992 r. nabmrogaeTcsi yMeHbIIICHUE
MepUANOHANBHBIX rpagueHToB TIIO, armocdepHOro naBieHUS H  TEONOTEHIHANA.
CoxpaHeHue 3TOH TEHAECHUUM B JaJbHEHIEM MOXKET IPUBECTH K OCJIA0JICHHIO 3alafHOTOo
MepeHOoca, YCHWICHUI0 MEPUAMOHAIBHBIX (OPM LUPKYISIMUHA aTMOC(hepbl, U, B KOHEUHOM
cuéte, K 3aMeIeHnI0 pocta ypoBHs Kacnuiickoro mopst uinu ero crabuiunzanuu (Hectepos,
2003).

Jlns vccnenoBaHusl NMPUYMH HEMOCTOSIHCTBA ypoBHS Kacmuiickoro Mopst HEKOTOpbIe
aBTOpPBbl HCHOJb3YIOT YHCJIEHHBIE S3KCIEPUMEHTh C MOJEISIMH OOLIeH LUPKYISAUU
aTMocdepsl U OkeaHa. Tak, NPU PaCCMOTPEHHM NMPUUYMH HM3MeHeHHH ypoBHsA Kacnuiickoro
MOpsl Ha OCHOBE JAaHHBIX HAOJIIOJIEHUN U pPE3yJIbTaTOB YMUCICHHBIX SKCIIEPUMEHTOB ObLIO
BBISIBICHO HaJIM4YU€ CYIIECTBEHHON CTaTUCTHYECKOW CBA3M M3MEHEHHUI YpOBHS MODs, CTOKa
Bouru u ocagkoB Ha BojocOope ¢ aHOMAIMSIMH TeMITEPAaTyphl B TPOIMUECKOH yacTH Tuxoro
OKeaHa, TAaKMMHU Kak siBJeHHe Diib-HuHBO U 10kHOE Kosebanue (Apre u ap., 1999 u ap.).
Hexoropsie wuccnenoBatenn (Memepckas u  ap., 2003) cyuTaroT, 4YTO 3HAYUMBIC
kodpuurenTs kKoppemsiuun Mexay HOxHbiM koneOanueMm u ypoBHeMm Kacnuiickoro mops
OTIpEEIAIOTCS IJIaBHBIM 00pa30M COBIAJEHHEM IO BPEMEHHU IOBBIILIEHHOW MOBTOPSIEMOCTH
aBieHust Dnb-HuHbo ¢ pocTtoM ypoBHS Mops B mocneanue 20 jer XX Beka; B IIEJIOM Ke,
CUHXPOHHAas CBA3b HE3HAUUTEIbHA U HEYCTONYMBA.

Pesynbrarel npyrux nccnenoBareneil CBUAETEILCTBYIOT O TOM, YTO B IOJl Pa3BUTHS
Onb-Hunbo B030yXkmaercsd mnosiokuTenabHas (asa BocTouHo-arnaHTHueckoro (BAK) u
ceBepo-aTinanTHueckoro konebanuit (CAK), B pesynbraTe NpOMCXOAUT HMHTEHCH(UKALUs
30HaIBHBIX TMpoleccoB B arMocdepe Arinantuko-EBpomnelickoro perunona. [lpu sTom
YBEIMUMBACTCS YHUCIIO aTJAHTMYECKMX LMKJIOHOB, BBIXOAALIMX B OacceiiH Bonru, uro,
CIIEIOBATE€IbHO, NPUBOAUT K YBEIUYEHHUIO aTMOC(EepHBIX OCaaKoB, cToka Bonrm u
ciocoOcTByeT mnoabeMy ypoBHs Kacnuiickoro wmops. B rox passurus  Jla-Hunbs
BO30y)KJaerca oTpuuartenbHas ¢aza o0oux KojebaHMM, NpUBOAAIIAs K YCUICHHIO
MEPUINOHAIIBHON IUPKYJISUN, YMEHBIIEHUIO IOBTOPSEMOCTH YHCIIA UKIOHOB B BOJKCKOM
OacceiiHe u TOHIKeHUIO ypoBHS Mopsi (AOy3sipoB u np., 1999; Hecrepor u np, 2003). B
XX Beke ObLIM BBISBIEHBI EPUOABI cO c1aboil akTuBHOCTBIO Dib-Huubo (1930-e u 1960-¢
TOZIbI) ¥ TIEPUOJIBI C YBeNMYeHnEeM ero nHTeHcuBHOCTH (1940-1957 n 1970-1992 1T.).

Anamn3 wm3menunBoctd uHAekca CAK, Bemonnensuslii E.C. HecrepoBeim (2003)
MO3BOJIMJI IIPOBECTH JIETAIIbHYIO OLIEHKY BIUsHUSA aTMochepHON nupKyasuuu B EBponeiickom
pernoHe Ha W3MEH4YMBOCTh ypoBHs Kacmmiickoro Mmops. PesynpraTel aHain3a IOKa3aiau
Hanuuue AByx ¢a3z: orpunarenbHor ¢azsl CAK (¢ cepenunbl 1950-x rogos mno 1979 r.) u
nonoxutenbHoit (¢ 1980 mo 1995 r1.). UH3menenue otpunatensHoir ¢a3zpl CAK Ha
MOJIOKUTENbHYIO Tpou3onuio B KoHIe 1970-x Tom0B, T.e. (haKTHYECKH COBMAJIO C
panuKaibHBIM HM3MEHeHHeM B xoje ypoBHA Kacmwmiickoro mops. M3menenue ¢daszsr CAK,
o0yCNOBHUBIIIEE WM3MEHEHHMs] B  TPAEKTOPUSX 3UMHHUX I[HUKJIOHOB, M, CJIEOBaTE€bHO, U
aTMOC(epHBIX O0CAaJIKOB, BHIIIA/IAIONIMX B BOJOCOOPHOM YacTH Kacmuiickoro 6acceifHa — oaHa
U3 OCHOBHBIX NPUYMH PAJUKAIBHOTO MU3MEHEHHUs MHOTOJIETHEro xoja ypoBHs Kacnuiickoro
Mops B KoHIle 1970-X roJoB: 3aBepLICHUE BEKOBOT'O €r0 CIaja M Mepexo] K HHTEHCUBHOMY

pocTy.
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OTH U3MEHEHUSI HOCWIIM TJI00ATBbHBIN XapakTep, YTO XOPOIIO COTIACYIOTCS C BRIBOAAMU
MHOTHUX HccienoBaTeneid. B 3To Bpemsi mpou3soluia cMeHa 3HaKOB aHOMAaIMM aTMOC(EPHOTO
JIaBJICHUS] BO BCEX OCHOBHBIX MEHTpax ACUCTBUS aTrMocepsl M TeMmepaTypbl BOIBI B
pasnuyHbIX pailonax CeBepHOU ATIAHTUKH M ceBepHOM yacTu Tuxoro okeana. [Tocie 1977 r.
YBEJIMYMIIACH YaCTOTa IOBTOPSAEMOCTH sIBJIeHUs Dib-HuHbO.

Jns knumara 3eMild XapaKTepHO HAJIMYUE HECKOJbKUX KBa3UCTALIMOHAPHBIX PEXKUMOB,
Nepexo] MEeXIy KOTOPBIMH OCYIIECTBISICTCSI CPaBHHUTEIBHO OBICTPO. Y CTAaHOBJICHHE
MIEPUOJIOB OCJIA0JICHUSI M YCWJICHHS 30HAIBHOW IUPKYJIanuu Hajx CeBepHOW ATIAHTHKOM,
IPOUCXOAUT IPU CMEHE TaKUX KIMMAaTUYECKUX PEKUMOB. WX NpOAOIKUTENBHOCTh
3HAYUTENIbHO BapbHUpyeT (0T 5-7 JIeT 10 HECKOJbKHUX JecsaTuieTuil). Yposenb Kacnuiickoro
MOpsi, SIBJISAACH HHAMKATOPOM III00ATBHBIX MPHUPOIHBIX MPOIECCOB, TO-BUIUMOMY, PEarupyer
TOJIbKO Ha HanboJjee cepbe3Hble U3MEHEHUS B COCTOSIHUU KIIMMaTH4eCKON cuctembl. CienyeT
OTMETHUTh, YTO UMEHHO ¢ KOHLIOM 1970-X roioB, Korja mpou3olia CMEHa KIMMAaTH4YeCKOTO
pEeKMMa, 4acTO CBS3BIBAIOT HAYall0 pOCTa TNIOOANBHOM TeMIepaTypbl BO3[yXa, CTAaBIIUM B
HACTOSAIIEE BpeMs IIPEIMETOM NPUCTAIbHOTO BHUMAHMSI UCCIIE10BaTEIEH.

Hekoropsle wuccnenoBaTend CUMTAOT, YTO IPUYMHOM KIMMAaTUYECKHX LHKIOB M
u3MeHeHul ypoBHs Kacnuiickoro Mops ABISIOTCA KOJ€OaHHS OCH BpALICHUS 3€MIIH.
VYposens Kacnus, mno3ToMy, CILyXKHUT CBOCOOpa3HBIM  HMHAUKATOPOM  BEKOBOTO
K0J1e0aTeIFHOTO ABMKCHUS TTOJIFOCOB BpareHus 3emiu. (Bacumuk u ap., 1993).

Cy1iecTBYIOT U Apyrue OpUTrHHAIbHBIE MOAXOAbl K OOBSICHEHUIO KONEOAHUN YpOBHS
Kacnus. Hanmpumep, ypoBeHb MOpsi paccMaTpuBaeTCs Kak aBTOHOMHAs aBTOKOJieOaTeIbHas
CHUCTEMa, UMEIOIIAs IBa YCTOMYUBBIX COCTOSIHUSI YPOBHSI MOPSI HA OTMETKax -25,5 u -27.9 m u
0J1HO HeycTonuuBoe -26,4 M. [Ipu ycioBuu npoxox1eHus: ypOBHEM OTMETKH -26,4 M, OH yxe
HE CMOXET BEPHYTHCSI K CBOEMY UCXOAHOMY IOJIOKEHHIO, TIOITOMY HauboJiee BEPOSTHHIM B
NEPUOJ COBPEMEHHOIO MOABEMA YPOBHS, IPU MPOXOKIEHUU YPOBHEM 3TON OTMETKH, CTAHET
ero crabunuszanus Ha oTMeTke -25,5 M. CoBpeMeHHasi Teopust KojieOaHuil ypoBHsS BOJAOEMOB
MOJKET OBITh TOCTPOEHA € YYETOM B3aUMOJEWUCTBUSI KaK BHYTPEHHEN HEIMHEWHON TMHAMUKH
CUCTEMBI, TaK U CIy4ailHOCTH BHEUIHEH Cpelbl, YTO SBISETCS OJHON U3 (DyHIaMEHTaTbHBIX
npoOJIeM eCTECTBO3HAHMS HAa COBpeMEeHHOM dTarne pa3sutus (Haitnenos u ap.,1994).

3akiaroueHue

Pesynbrartel wuccnenoBaHUN CBUIETENBLCTBYIOT O TOM, UTO KONEOaHHS YpPOBHS
Kacnuiickoro Mops 00yci0BI€HBI COUETaHUEM KIMMATHUYECKUX U aHTPOIOIeHHBIX (PaKTOPOB.
W3menenus ypoBHs Kacrnus B mpeaiecTByIONIUE 1Ba CTOIETHS MPOUCXOAUIN B MHTEPBAe OT
-25,0 mo -29,0 m BC. TIpu 3TOM, pa3mMax eCTECTBEHHBIX €ro H3MEHEHHI COCTaBHII OKOJIO 3 M.
B ecTecTBeHHBIX YCIOBUSAX, HE HAPYIICHHBIX BIMSHUEM aHTPOMOTEHHOW AEsITeNbHOCTH,
YPOBEHBb MOPsI B KOHIIE XX CTOJIETHsI MOT ObI JJOCTUTHYTHh 0OJie€ BRICOKUX OTMETOK (Ha 1+1,2
M). TekTOoHHYECKOE BIHSHHE Ha KOJNEOAHHUS YPOBHS HUYTOXKHO Majo M HE MOXET OBbITh
COM3MEPUMO C KJIUMATHYECKUM U aHTPOTIOTEHHBIM BO3CHCTBHEM.
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AHHOTAIMA

Kpatko omucanpl mocnenctBust konebanuii Kacmwmiickoro wmops. [laHa xapakTtepucTHKa
pasHoMacIITaOHOH M3MEHYMBOCTH OCHOBHBIX COCTaBJISIOIIMX BOAHOro OajiaHca W YPOBHS MOpPS B
xapaktepHble Tiepuoabl XX-XX1 croneruii. IlpuBeneHa oneHKa BIHMSHUS KIMMAaTOOOPa3yIOIINX,
AQHTPOIIOTCHHBIX (DAKTOPOB M TEKTOHMYECKHUX IPOLECCOB HA THAPOMETEOPOJIOIMYECKHE YCIOBHS
Kacnwmiickoro OacceifHa W W3MEHYMBOCTH ypOBHS Mops. OmpeneneHbl 0COOEHHOCTH COBPEMEHHOMN
JTUHAMHKH THAPOMETEOPOIOTHIECKHX TPOIIECCOB.

BBenenue

[Ipobnema konebGanuii ypoBHs Kacnuiickoro Mopsi — 0lHa U3 OCHOBHBIX B U3YyUEHHUH
ero pexxuma. OHa HEMOCPEICTBEHHO CBfA3aHa C JUHAMHUKOM MpoleccoB, (OPMUPYIOLINX
BOJIHBIA OajlaHC MOps, MOUCKOM BO3MOXKHOCTEH NpOrHo3MpoBaHUs ypoBHA. Kosebanus
YpOBHSL OTpaXkarOT IIHPOKHI CIEKTP €eCTECTBEHHBIX MPHUPOAHBIX U AHTPONOTE€HHBIX
MPOIIECCOB, MPOMCXOIAIIMX HE TOJBKO B KacHHUIlcKoM OacceifHe, HO [alleko 3a €ro
npenenamu. Hambonpmuii mpakTHUeCKU M Hay4dHbIM HMHTEpeC MpelCTaBiIsSIOT BOIPOCHI,
CBS3aHHBIE C HCCJIEIOBAaHUEM COBPEMEHHOM JUHAMHMKM T'HIAPOMETEOPOJIOTMUECKUX
MPOLIECCOB, B TOM YHCIE€ COCTABISIOIIMX BOAHOro OajlaHca W YpPOBHA MOps, U
pexxumooOpasyrommx — ¢aktopoB. [logoOHBIE HCCIETOBaHWS HEBO3MOXHBI 0€3  HX
CPaBHHUTEJILHON OIEHKHU IO XapaKTepHbIM KJIUMaThudyeckum nepuoaam XX-XX1 croneruid, B
TEYCHHE KOTOPBIX HAOMIOJANOCh Kak Kartactpoduueckoe maneHue (B 1930-ple Tompl) u
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MHTEHCUBHBIA COBpeMeHHbIH mnoabeM (¢ 1978 mo 1995 rr.), Tak U HENPOAOKUTENbHAS
crabmmm3anus (B konie 1950-1960-x rr.) ypoBHS MOpS.

ITocaeacTBus KosedGaHuil ypoBHS MOps

BriepBeie co Bceil ocTpoToil mpobiieMa HccieloBaHUS MPUYMH KOJeOaHWU YpOBHSA
BCTaNa B Tpuanareie Tofasl XX B., KOTJa MPOU3OILIO pe3Koe KaracTpouyueckoe majieHue
ypoBHsL Mops (Ha 1,8 M), cMeHHBIIEecs B TOCIEAYIOUINE TObl 3aMEJIEHHON perpeccue.
Perpeccust Kacniust B XX crosnetun mpuBeia K OCYIIEHUIO 3HAUUTEIbHON TEPPUTOPHH (OKOJIO
50 TBIC. KM?), COITOCTABUMOM C IUIONIAIbI0 HEKOTOPBIX EBPOICHCKUX rocyaapcTB. B ceBepo-
BocTtouyHoi yactu CeBepHoro Kacnus GeperoBas jnuHHS MecTaMu oTcTynuia Ha 120-140 km.
B pesynbrare najgeHus ypoBHS MOpS BOZHUKJIM TPYJHOCTH CYAOXOJCTBA B HU30BBSIX PEK.
Perpeccust mopsi, npogosmkaBmascs 10 KoHna 1970-x romos, BbI3Baja MU MHOTO APYTUX
HETaTUBHBIX MPOOJEM, B T.4. OTPUIIATEIILHO TOBIUsIA Ha HeTera3ono0bdy B MIETL(OBOIMA
30HE MOpH.

[ToHnxeHne ypoBHS MOpS TPHUBEIO K KOPEHHOMY IepeOpMHpPOBAHUIO OEperoB u
OIYCTBIHUBAHUIO MPUOPEKHBIX TEPPUTOPHIL, 00YCIOBHUIIO CHIXKEHUE YPOBHS IPYHTOBBIX BOJ,
COINPOBOXKAAIOCh 3HAYUTENIBHBIMU H3MEHEHUsIMU d3KocucteMbl Kacnus, 0COOEHHO
HEONMAronpusITHBIMU B MEIKOBOJAHOW ceBepHOM dYacTu. I[loBbIlIeHHE COJEHOCTH BOJ
CeBepHoro Kacnusi oTpuuaTenbHO OTpPa3swiioCh Ha  COCTOSIHUM  KOPMOBOM  0asbl
MOJIYTIPOXO/JHBIX U OCETPOBBIX PbIO W TPHUBEIO K CHUKEHHUIO OMOMacchl OOJBIIMHCTBA
JIOHHBIX OpPraHu3MOB. bbljla yHHUYTOK€HA MOYTH MOJOBHHA PHIOHBIX KOPMOBBIX YTrOJWMH, YTO
NPUBEJI0 K CHIDKEHUIO YIOBOB, 3HAYUTENBHO 3aTPYAHWIO YCIOBUS pPBHIOOJIOBCTBA U
pBIOOBOJICTBA.

[Togbem ypoBHst Mopst B 978-1995 rr. Takke mpuBeN K HETaTUBHBIM MOCIEACTBUSIM.
OOmupHble TPUOPEKHBIE TEPPUTOPUM CTAIM pAHOHAMU SKOJIOTMUYECKUX O€lICTBUM.
[ToBpIIEHNE YpPOBHS TNPUBENO K HM3MEHEHHMIO NPUPOAHBIX, COLUAIBHO-D)KOHOMHUYECKUX U
MEAMKO-3KOJIOTMYECKHUX YCIOBUM MPUOPEXKHBIX TEPPUTOPHUM B MpOIlEecCe UX MOATOMICHUS U
3atoryieHud. [lnomane 3aromneHHBIX TeppuTopuil coctaBuna 35-40 Teic. km?. Tak, B
3anagHoM TypkMeHHCTaHe OeperoBas JIMHHS MecTaMu oTcTynuia Ha 25-50 kM, a Ha HuknHe-
Kypusnckoii papauHe — Ha 7-10 kM. Ha oOmupHbBIX y4acTkax IpOUCXOIMI OBEM TPYHTOBBIX
BOJI, BBI3bIBAIOIIMX 3a00JJaUMBAHNUE U 3aCOJIEHUE 3€MENIbHBIX YTOAM.

W3 30H 3aTOIUIEHHs U NMOATOIUIEHUS MPOMCXOAMUIIO IepeceleHue HaceneHus. Tonbko B
CesepHom Ilpukacniuu mnocTpajiaiy IeCATKA HAacCEIEHHBIX MyHKTOB. B pe3ynbrare moabsema
YPOBHSI NMPOUCXOAMIIO pa3pylIeHHe HHPPACTPYKTYpbl NpUOpPEXHbIX dacTeil roponos baky,
Maxaukana, TypkmenOamu, Axrtay, JlepoeHt u apyrux. [lonbéM ypoBHS MOpsS NPUUYMHUI
yiepO COTHAM KHJIOMETPOB IIOCCEHHBIX W TPYHTOBBIX JIOPOT, MOJI YIPO30iM OKazaauch
YUYaCTKH KEJIE3HOAO0POXKHBIX Maructpainei (Acrpaxanb-Kusnsp, Jlenkopans-Acrapa). beuin
3aTOIJICHBI KPYITHBIE UPPUTALIMOHHBIE COOPYKEHUsI, OoJiee 1 MIIH. Ta celbCKOX03sIiCTBEHHBIX
yroauii. B pe3ynpTaTe mnoabema YpOBHS TOJ BOAOW OKa3ajach 3HAYUTENbHAs YacTh
0J1ar0yCTPOCHHBIX IUISHKEH C HAXOSIIUMUCS TaM 0ObEKTaMH.

Harnsguelii mpumep, oTpaXkaroIiMii HEraTUBHbIE MOCIEACTBUS MOJbEMA YPOBHS MOPS
- 3aToIJIeHHe MPUOPEKHOU 30HBI A3epOaiimkanckoil Pecnyonuku: B 1995 1. moa yrposoit
3aTOIJIEHUSI M TOATOIUIEHHs, OKa3aJnch S0 HACENEeHHBIX IYHKTOB, 250 NpOMBIIUIEHHBIX
npeanpustiii, 30 Teic. ra 3UMHHMX mnactOmm, 10 TBIC. Ta OpOIIAEMBIX 3€Melb U
pekpearnionubie  00bekThl Ha 200 Thic. dWemoBek. OT mombéMa YpOBHS TOCTpaaid
MHOT'OYHCIICHHbIE PHIO0X03HCTBEHHbIE TPEIIPUATHSL.

B ycnoBusx TpaHcrpeccum Mops TPOMCXOJWIa HMHTEHCHUBHas alpa3usi OeperoB u
xapakTepHbIM 17151 Kacruiickoro Mopsi CTAaHOBUTCS TaTyHHBIN Tui O6epera. MHOTOUMCICHHbBIE
IecyaHble IUISHKM YaCTUYHO YIUIM IOJ BOAY, MX JIOJIA 3aMETHO COKpaTwiachk. B memom, 3a
NepuoJ TMOCIEAHEroT moabeMa ypoBHs Kacmusi Ha poccuiickoM moOepexbe CTalld pe3Ko
npeo0aaTh MPOIECChl OTCTyMaHUsl Oepera, HapacTaHWe OeperoB MeCTaMu COXPaHHUJIOCH
JMIIB HAa KpaifHeM ceBepe MoOepexps, B Ipeienax IenbThl Bonry.
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B perpeccuBHBIi TMepuoOJ TPAaKTHUYECKH BIOJIb Bcero mobepexbs Jlarecrana
c(hOpMUPOBATIUCH HU3KUE MOPCKHUE TEPPACHI, OKAWMIICHHbIE MIECUYaHbIM IUISKEM IIUPUHOHN 10
150 M, 9TO CMmOCOOCTBOBAIO 3aTyXaHHWIO TMpoleccoB abpasum Oepera. B pesynbrare
COBPEMEHHOr0 TMOAbEMa  YPOBHS MOpS O3THU TEppachl MOJBEPrajuCh IOCTOSIHHOMY
3aTOIJICHUIO, TIPOMCXOIMIa aKTHBH3AIMA pa3MbIBa OeperoB, ype3 BOJIbI MOJOLIEN K Ooiee
KPYTBIM YKJIOHaM MU yCTynaM. 3Jech BIMSHHE MOJbEMa YPOBHS Ha MEPECTPOUKY mpoduis
OeperoBoil 30HBI TPOSBUIOCHE HambOoiee 3ameTHO. Jlarectanckoe moOepexnbe — Oolee
MPUTIy00, YeM CEeBEpPHOE, MMOATOMY U OOJIbIIIE MOJBEPKEHO BOJIHOBOMY BO3jelcTBUI0. Tak, B
OTJENbHBIC TOJbl TMOBBIIICHUS YPOBHS CPEIHSS CKOPOCTh pa3MblBa M 3aTOIUICHUS Oepera B
pasnuuHbIX paiioHax Jlarectana uamensuiack ot 25-70 go 200 m B roa. A6pasus 6epera Obuia
HanOonee pa3Buta B pailone Maxaukanbl, Kacnuiicka u Jlepbenta. [loxbem ypoBHS Mops
CHoCcOOCTBOBA YCHIJICHUIO pa3MbIBa Mopckoro kpas gensT Cynaka u Camypa. BenenctBue
3TOTO MOCTPAAATH 3HAYUTEIBHBIE IJIOIAIN JIECHBIX MAaCCUBOB Ha IOOEPEXKbE.

B pesynpraTe 3HAUMTENBHBIX KOJEOAHWN YpPOBHS Ha MPOTHKEHHUH XX CTOJETHUS
MoCTpajaia CeTb THAPOMETEOPOIIOTHYECKHX IIOCTOB, PACIONIOKEHHBIX Ha MOOEpeKbEe H
octpoBHbix ['MC, T.e. OocHOBa HccCIeNOBaHUN TUIpoiOrHYeckoro pexuma Kacmuiickoro
Mops, B T. 4. KosieOaHMil ero ypoBHs. [loaToMy HEOTIOXHOW 3amauelt AJis BCEX rocyaapcTB
Kacnuiickoro pernona sBJSETCS BOCCTAHOBJIEHHUE M ONTHMH3AIUS CETU NPUOPEKHBIX U
OCTPOBHBIX CTaHIMH C YYETOM COBPEMEHHOW THAPOJIOTHYECKON 0OCTAaHOBKH M, B YaCTHOCTH,
MOJIOKEHUS YPOBHSI MOpsi, o0ecreueHrne UX HEeOOXOAMMBIMH TEXHHUYECKHMMH CPEICTBAMU U
HOBBIMH TprOopamu. Ha3zpena peanbHas HEOOXOAWMOCTh MPOBENEHHUS HUBEIMPOBKH B TEX
pailoHax MOPCKOT0 MOOepexbs, IIe OTMETKH YPOBHSI BHI3BIBAIOT HAaUOOJIbIlIEE COMHEHUE.

Me:xronoBasi 1 ce30HHAsI H3MEHYUBOCTH BOJHOI0 0ajlaHCa U YPOBHS MOps

Co BpeMeHH OpraHu3alid HWHCTpyMeHTalbHbIX HaOmoaenuii (1830 r.) mo Hauama XX
CTOJIETHSI KoJIeOaHHsI YPOBHSI MOPs ObUIM HE3HAUUTENbHBIMU U IPOUCXOAMIN OKOJIO CpeAHEH
ormetkn -25,8 M BC. C koHna 1880-x rooB B MHOT'OJIETHEM XOJI€ YPOBHSI IIPOCIIEKUBAETCS
teHaeHIMs cHukeHus. C Hadana XX cronerus Ha ee (OHE OTYETIIMBO BBIICNAIOTCS Xa-
pakTepHble nepuoabl (tabin.l, puc.l), oTpaxaromue COCTOSHHE BOAHOrO OajaHca MoOps U
TECHO CBSI3aHHBIE C Pa3BUTHUEM PA3JIMYHBIX 3M0X aTMOCPEPHON UMPKYISALUU IO
kiaccudukanun [.51.Banrenreiiva - A.A.T'mpca (T'mpe, 1957). B Hawane XX cronerus
(1900-1929 rr.) OTHOCUTEIBHO BBICOKOE M CTAOMIBHOE MOJIOKEHUE YPOBHS OBLIO CBSI3aHO C
pa3BuTHeM 3anagHoi (W) GhopMbl HUPKYISALUN U aKTUBHOCTBIO IUKJIOHUYECKUX IPOLIECCOB
B BOJI0COOpHOM yacTu OacceifHa. DTo, B CBOIO Ouepeilb, OMPENENUI0 OOUIIbHOE BBITIAJICHUE
aTMOC(EepHBIX OCaJIKOB, MHOTOBOJHOCTb Boirm, M, kak cieicTBHE, BBICOKOE IMOJI0KEHUE
ypoBHsL Mopsi. He3HauutenbHble KoneOaHus ypoBHS Mops (+ 0,5 M) NpoOMCXOAMUIU OKOJIO
OoTMeTKH -26,2 M. Cr1abo BbIpaXK€HHasi TEHJCHIIUS CHUXKEHUs YPOBHS Mopsl cocTaBuia 3a 30-
netauit nepuon - 0,34 m.

Knumarndeckas anomanusi, OXBaTuBIIas ceBepHOE Moidymapue ¢ konua XI1X cromnerus,
HanOosiee 4eTko mposiBwiack B 1930-pie TOABI. AHTUIMKIOHWYECKHA PEXHUM TOTOJHI,
YCTaHOBUBLIMIICS B Ipelenax ATIaHTUKO-EBpONENHCKOro CEKTOopa BCIEICTBUE pPa3BUTHSA
BoctouHoi (E) dopMmbl mupkymnsiuu, onpeaenuia 3acylUIMBBIC YCIOBHUS Ha 3HAYUTEIIBHBIX
TEPPUTOPHUSAX, B T.4. B BojocOOopHOM Oacceitne Kacnus. B pesynbrare 3TOro Habiromasics
3HAYUTENbHBIN AepUuuuT aTMoc(epHBIX 0CaTKOB, MHTEHCUBHOE HMCIApEHUE U MaJOBOJAHOCTh
peK, B oCHOBHOM Bouru. Bomkckuii cTok cokpatmics B cpeaneM Ha 50 km*/rox (oxoso 200
KM’/TO]) 1O CpPaBHEHHUIO C MPEAIIECTBYIOIIMM MHOTOBOJHBIM MepHoJoM. B BocTouHOI
MIOJIOBUHE BOJDKCKOrO BojocObopa — OacceitHe Kambl ManoBogHOCTH mpuoOperna
Katactpoduuecknii xapakrep. B 3anagnoii dactu, B OacceitHax pek Bepxueit Bonru u Oxw,
MaJIOBOJJHOCTH BCJIE/ICTBUE COKPALICHUS BEIUYMHBI OCCHHE-3UMHUX OCAIKOB, (POPMHUPYIOIINX
OoCHOBHYIO 4acTh (10 80%) romoBoro o0bEMa pPEYHOro CTOKA, MPOSBUIACH B MEHBIICH
CTETIECHH.
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Puc.1. MHorojeTHuid X0 TMOBTOPSEMOCTH TOJIOBBIX OTKJIOHEHHH OCHOBHBEIX (hopM arMmochepHOit
mupKysinun (BBepxy) — (3amamnoit - W, Bocrounod - E, mepuamonansHOM - C) W ypoBHA
Kacnmiickoro Mopst (BHU3Y) 32 MEPHOJT HHCTPYMEHTAILHBIX HaOII0JeHUI

B smnoxy BocTouHOH (hOpMBI LMPKYJISALMM KIMMAT BOCTOYHOro mnobepexbs Kacrmus
dbopmupyeTcsi MOl BIUSHUEM YCTOWYMBON OO0JACTH BBICOKOTO JABJICHMSI, PACTIOIOKEHHOU
Haa Cpenneit Asmeit u KazaxcraHoM, a KJIMMaT 3amaJHOrO MOOEpEXbs — IO/ BIHSHUEM
IHUKJIOHUYECKON JIEATEIIbHOCTH B FOYKHBIX IIMPOTaxX €BPONEHCKON Tepputopun. B 310 Bpems
MHTEHCUBHOCTh HUCHApeHHMs Y BOCTOYHOIO IOOEpeXbs BbINIE HOPMBI M HaOiogaeTcs
3HAYUTENIbHBII pa3Max TOJOBbIX U CPEJHEMECSYHBIX BEIMUYMH HcrapeHus. B Hauame XX
CTOJIETUSI C TIOBEPXHOCTH MOPSI €KEroJHO UCHapsuioch B cpeaHeM okosio 97 cm cnos (390
km’/ron), a B 1930-pie TOJBI, KOTJIa BOCTOYHAS [TUPKYJIALMS OblJIa BRIpaKeHa HauboJee sSpKo,
Mope Tepsio B cpenHeM okoio 100 cm cnost, uimu 395 km*/roa mopckoit Boasl. C 1930 mo
1941 rr. mope Hepomomyywsno cBbimie 750 KM? MOpPCKOM BOJBI, B TOM YHCJIE 3a CYET
YMEHBIIEHUS BOJDKCKOro mputoka — okoso 500 xkm®. Bc€ 3T0 mpuBeno K 3HaUYNUTEIbHBIM
U3MEHEHUSM YpOBHS Mops. Ero OTHOCHUTENbHO PaBHOBECHOE IOJIOKEHHE CMEHWIOCh
MHTEHCUBHBIM NajeHueM Ha 1,8 M. Cpeassisi CKOpOCTh MaJ€HUsI YPOBHS COCTaBIISIA OKOJIO
16 cM B roz, a B oTHeibHBIE, Haubosaee ManoBoaHble ToAbl (1937 u 1938 ronel), cpennuit
ypOBEHBb MOPsI CHIDKasCs Oonee ueM Ha 30 cMm.

B yMmepeHHBIX KIMMaTH4eCKHX YCIOBHSX, cioxkuBmmxcs B Kacnmiickom Oacceiine B
1940-pie rTOmBI TOA BIHMSHUEM TpoleccoB MepuauoHanbHOH (C) GOpMBI UPKYISIUH,
MOBTOPSIEMOCTh KOTOPHIX Ha 37 JHEW MpeBbllIaia CPEAHEMHOIOJETHIO HOpMy (93 nH),
IIPOU30LUIO0 CHUKEHUE TEMIIOB perpeccuu Mops. [Ipu pa3BuTHmM nporeccoB MepUINOHaAIBHON
(GopMBI LIUPKYJIALUN HAOIIOJAICS BBIXOJ] CPEIN3EMHOMOPCKUX LIMKIOHOB HA CEBEPO-BOCTOK
EBponeiickont Teppuropun Poccun. B pesynbraTe npon30LUI0 yBEIUYEHUE YBIAXXHEHHOCTH,
pa3sBUTHE OTPULIATENBHBIX AHOMAJINN TEMIEPaTyphbl U 3HAYUTEIbHBIN POCT 00BEMOB PEUHOTO
CTOKa, COCTAaBUBIIIETO B cpenHeM okoio 306 km*/ron (252+373 km*/ron).
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Hacrynumas 3atem snoxa koMmOuHMpoBanHON 1upkyasiun (E+C), mpoanuBiiascs no
maaaeiIM  AAHUHM ¢ 1949 mo 1971 r1r., omnmyamachk 3HAYUTSIBHOM MEXKTOJOBOM
M3MEHUYMBOCTHIO YBJIQKHEHHOCTH U UcHapeHus. VcrnapeHue cokpaiaioch B COOTBETCTBUU C
YMEHbIIIEHUEM MOBTOPSIEMOCTH 3aMaJHOr0 TUIA LHUPKYJIALUUA U CHIDKEHHEM MHTEHCUBHOCTHU
AHTUIMKIOHWYEecKol aestensHOcTH. B 1960-bie roasl HaOmromanach HEMPOIOIKUTEIIbHAS
cTabmim3anys ypoBHsS MoOpsi okoyio oTMeTkH -28,4 M BC: B 1957-1969 rT. B MOpe exkeroiHo
MOCTYMAJIO MPUOTU3UTENHHO Ha 7 KM? BOJIBI OOJIBILIE, YEM €€ MCIIApSUIOCh U CTEKaJIO0 B 3aJIUB
Kapa-borasz-I"o.

B 1970-e ronel B GacceiiHe MOpsl CIOXHUIIUCH KIMMATHUECKUE YCIOBHS, aHAJTOTMYHbIE
nepuony 1930-x rogoB. CokpallleHHe PeYHOTr0 CTOKAa CTaj0 OCHOBHBIM (DaKTOPOM IaJICHUS
YPOBHS, T.K. UCTIAPEHHE B 3TU T'OJbI OBUIO HIKE HOpMBI. KoamuecTBO aTMOC(HEPHBIX 0CAIKOB
(220 wmwm/rom), BBINABIIMX HAa MOPCKYIO IMOBepxHOCTh B 1970-1977 rr., 3HAYUTENBHO
MPEBBIMIAIO CPETHEMHOTOJIETHIOO HOPMY M UX BeJTMYMHA Oblia Hauboupiei B XX CTONETHH.
Ho mockonbky BKIaJ OCAaJKOB B MEXKIOJOBYI0O M CE30HHYIO HM3MEHYHMBOCTH YPOBHS
CPaBHMUTEIBHO MaJl IO CPAaBHEHUIO C OOBEMOM PEYHOI'0 CTOKA, TO MX KOJIMYECTBO HE MOIJIO
CYIIECTBEHHO MOBIUATh HA MHTEHCUBHOCTh CHIKEHHS YPOBHS MOpsA B 3T rojsl. Jedunur
BonHOTrO Oananca (ceime 140 kM®) craym NMpUUMHON  CHIDKEHHs ypoBHS Mops ¢ 1970 mo
1977 rr. na 0,7 M. BnepBble 3a mociieHee ThICAUEIeTHE CaMOe HU3KOE MOJIOKEHNE YPOBHSA
Mops (-29 M) 6pu10 3aduKcupoBano B 1977 r. [lns cpaBHEHHS] OTMETHM, YTO CAMOE BBICOKOE
(-24 m) mabmogamocs B 1805 r. Takum 00pa3oM, B TEKYIIEM THICSYECICTHH  pa3Max
KOJICOAaHWH ypPOBHS MOpS COCTaBMJI 5 M, a B ABaauaroMm cronetun — 3,2 m. HawmbGonee
WHTEHCUBHO MajieHue ypoBHs npoucxoamio B 1930-1941 u 1970 -1977 rr. (B cpennem Ha 16
U 8 CM B I'0Jl COOTBETCTBEHHO).

C 1978 r. ypoBeHb MOps CTal Pe3KO MOBBIMIAThCA. IHTEHCHBHOCTH MOABEMA YPOBHSA B
otnenbHbIe TobI npeBbimana 30 cm (B 1990 r. - 36 cMm), a B cperaeM Obuta okosio 14 cM/rog.
[Toabem yposust Kacniuiickoro Mopsi, HenpepbIBHO Ipoaoikasmuiics 18 et (1978-1995 rr.),
oKazajcsi Haubosee TMpOoNOJDKUTENbHBIM 3a 180-JeTHUN mepuoj]] UHCTPYMEHTAIbHBIX
HaOmroneHuil. CpeHerosoBasi OTMETKAa YPOBHS MOps HOBBICHJIAach Ha 2,4 M OTHOCUTEIBHO
ypoBast 1977 1. m B 1995 r. nmocturna 3nauenus -26,6 m BC. Ilpuunmnoit Takoro
CTPEMHTEIBHOIO POCTA MOCTYXHIN KIMMAaTHYeCKUEe MPOLECcChl MIaHeTapHoro macmraba. B
nepBoid  mosioBuHe 1970-X rogoB, MNPEUMYUIECTBEHHO B OCEHHE-3UMHHHI  CE30H,
aKTUBU3UPOBAINCH TpoLecChl  3amagHod  ¢opmbl  atMocepHOi  mupkymsiuu. Hx
NOBTOpsieMOCTh yBenuumiack ¢ 1978 mo 1995 rr. B cpennem Ha 37, a ¢ 1996 nmo 2009 rr. —
Ha 65 nmHelr 1o cpaBHeHHio ¢ 1970-1977 rr. Pa3Butue 53T0il QOpMBI HUPKYISIUU
COMpoBOXKAANOCh YycTaHoBleHMeM B Kacnuiickom OacceliHe IUKIOHUYECKOTO pexXuMa
noronsl. Benencrerue yBennueHUs YBIaKHEHHOCTH, CHM)KEHUS MHTEHCHUBHOCTHU IIPOLIECCOB
WCIapeHus, OOMIBHBIX OCAJIKOB U MHOTOBOJTHOCTH PEK B MOpE€ MOCTYIaio B cpeaHeM Ha 50
KM*/ToJl BOJbI Oouibllle, 4eM HcHapsiock U crekano B 3anuB Kapa-boras-I'on, uto wu
OTIpEeAENNIIO MOJIOKUTENbHBIE TIPUPAILIEHUS YPOBHSI.

Taxum 06pa3oM, N3MEHUYHUBOCTD IEMEHTOB BOJHOT0 OanaHca TECHBIM 00pa30M CBsi3aHa
C UUPKYJISLUOHHBIMU IpOLIECCaMH, Pa3BUBAIOLIMMUCS HE TOJIbKO B OacceitHe Kacnuiickoro
MOps1, HO U JTaJIeKO 3a €ro MpeJeslaMu, B IIpeJesax Bcero ATIaHTUKO-EBponeiickoro cexropa
CEBEPHOI0 MOJTyIIaApHsL.

B XX cTonetun B MOpe €KEroaHo MocTynano B cpeaHeM okoio 300 kM* pedyHol BOJBL,
MexronoBass usmMeH4nBocTh (CV) cymmapHoro mputoka coctapistia 0,17. B mpuxoanoit
Y4acTH BOJHOrO OajlaHCa TMOBEPXHOCTHBIM NPUTOK cocTaBisier 74-86%, B TOM 4yHcie Ha
BOJDKCKUH CTOK MPHUXOAUTCS 0K0J0 80% MOBEpXHOCTHOTO CTOKA. OYEBHUIIHO, TOATOMY €TO
U3MEHYMBOCTb B 3HAUUTENBHOW CTENEHHM  OIpeleNseT KojieOaHus YpPOBHS MOpSL.
MakcumanbHblii  00bEM peuHoro ctoka (460 km*) moctynui B Mmope B 1926 1., a cambrit
HE3HAUUTENbHBIA NMPUTOK, okoio 200 km?, Obin 3adukcupoBan B 1973, 1975 u 1996 rr.
O06BEM peunoro ctoka B 1978-1995 rr. (315 km?*/rog, Cv=0.15) MokeT ObITh COMIOCTaBUM CO
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CTOKOM B MHOTOBOIHBIN mepuoj Hauana XX B. (Tabn.1). B ormensHbie romsr (1979, 1990,
1991 u 1994 rr.) ero Benuuuna O6bi1a 6051€€ 350 KM B oz (obecreueHHOCTD 3-4%).

Boikckuii CTOK B IPOLIUIOM BEKE HCIBITHIBAN 3HAYUTEIbHBIE KoneOanus (148,6 km® B
1921 u 368,4 xm> B 1926 1.). CpenqneMHoroIeTHSA BelimunHa croka Boaru 3a 1881-2009 rr. -
okono 250 km*/rox (Cv = 0,18), a 3a 1978-2008 rr. — 265,7 xm*/rox (Cv=0,14). HaunbGonbmuit
o0beM BoDKCKOro croka B mepuox 1978-2008 rr. cocraBun 340,7 km® (1994 1.), a
HaumeHpd — 177,6 xkm® (1996 r.). B ectecTBEeHHBIX, HE HApPYIICHHBIX XO35MCTBEHHON
NesITeNIbHOCTBIO YCIOBUSAX, CTOK Bonru mMor Obl octurath v 0oJjiee 3HAYUTEIbHBIX BEJIMYUH
(B cpenaem Ha 30 xkM*). MHOrOBOIHOCTh peK HaOIIOJallach B YCIOBHSIX, KOT/Ia IUIOIIATH
MOPCKOM aKBaTOpPUHU COKpaTwiach Ha 50 ThIC. KM? 10 CpaBHEHHIO ¢ HadaioM XX
CTOJIETHSI, YTO M ONPEIENINIO 3HAYUTEIbHBIM M MHTEHCUBHBII  NOABEM YpOBHA  3a
KOPOTKUI OTPE30K BPEMEHH.

CBs3b npUpaleHnii YpoBHS O CTOKOM B Hanbosiee MHOTOBOAHBIN nepuoz -1900-1929
IT. - Xapakrepusyercs Kodpdummentom koppensiuu 0,84, B 1940-2008 rr. - 0,80, B T.4. B
1940-1948 rr. - 0,84; B 1949-1969 u 1970-1977 rr. - coorBercrBenno 0,73 u 0, 67,aB 1978 -
1995 rr. - 0,75.

K ecrectBenHbIM (hakTOpam, OMpEeNsIOUMM KoJeOaHHUs YPOBHS MOpS, OTHOCHUTCS
UCIapeHue C MOpcKoi akBaropuu. lcmapeHue, SBISSICh  OCHOBHOM OTpHUIIATEIBHON
COCTaBJIAIOLIEH  BOAHOro  OajaHca,  OTJAMYAETCSd  HE3HAYMTEIbHOM  MEXroJ0BOM
u3MeHunBocThio (Cv=0,09), ero BemuumHa COMOCTaBMMa ¢ OOBEMOM PEYHOIO CTOKA, a B
OTHENbHBIE TMepuoabl TpeBbimaeT ero. Ce30HHAs W3MEHYMBOCTH HCIApeHus Ooiee
3HauuTeNbHa U Ha 50% ompenensier Ce30HHYI0 U3MEHYUBOCTh YPOBHS MODSI.

[Ipoueccel ucnapeHus HaxXOIATCS B TECHOM 3aBHCHUMOCTHM OT COCTOSIHUSI OapuKo-
HUPKYISIUOHHOTO peknMa Kacnuiickoro 6acceiiHa U OmpeessitoTesl pa3BUTHEM MPOIIECCOB
AHTUIUKIOHUYECKON (OPMBI IUPKYJSALMH, YUCIO JHEH KOTOpoM ¢ Havasa XX CTOJIETUS
HMMEJIO BBIPAXKEHHYIO TeHJACHIMIO cnafa. MccneqoBaHusl moKazalid, 4TO B Pa3JIMUHbBIX YacTAX
Kacnmiickoro Mopsi WMHTEHCHUBHOCTH HIPOLIECCOB HCIAPEHUSI HWMEET CBOU OTIW4ud. B
nociaeaHue roasl B 3amangHoi yactu CesepHoro Kacnumda, B paiione I'MC o. Tronenui,
ucIapeHue crajgo 0osiee MHTEHCUBHBIM (puc. 2). B npyrux paiionax (TJiaBHbIM 00pa3om, Ha
BOCTOYHOM MOOEpeXbe) UCIapeHUe 3HAYUTEIbHO HUKE HOPMBI, 1 B MHOTOJIETHEM XOJI€ €r0
TOJOBBIX M CE30HHBIX BEIMYMH OTMEYAIOTCA CTATUCTHMUYECKHU 3HAYMMBIE OTpULIATEIbHbIE
TpeHAbl. TeHIEHIMs YMEHBIIEHUs BEJIWYMH HCIAPEHUs XOPOLIO COIJIaCyeTCsl HE TOJIBKO C
M3MEHYUBOCTbIO aHTUIIMKJIOHUYECKON HUPKYJISALUHU, HO U CO CKOPOCThIO BeTpa: Ha Bcex [MC
HaOJII0AAINCh CTATUCTHUECKU 3HAUMMbIE TPEHIbl €€ CHMXeHHMsd, 3a uckioyenneM I'MC o.
TroneHuni.

Benuunna ucnapenuss B 1970-1990-p1e roasl  He mpeBbIIaia CpeIHEMHOTOJIETHEH
HOpMBI (okoiio 375 km?/roa, umu 97 cm cnost). C 1996 no 2008 rr. ncnapenue MPUBOAMIO K
€XKEroIHOMY CHIDKEHHIO YPOBHS Mops B cpeaHeM Ha 96 cm (ot 81 mo 108 cm), a Hanbonee
3HAYUTENIbHOE BJIMSIHUE WCIIApEHWE Ha CHIDKEHHWE ypOBHS okaszbpiBasio B 1930-pie (94+107
cMm) u 1942-1977 rr. (72+117 cm). Paznuuust B MEXrogoBoid M3MEHUYMBOCTH MCIAPEHUS B
pasHbix paiioHax Kacnuiickoro Mopst ~— 0OyclOBI€HBl Kak (hU3HKO-reorpa@uuecKuMH
YCIOBUSIMU, TaK Pa3IUYHBIM BIUSHHEM KiIuMaTooOpasyronmx (aktopoB. KoadduimeHt
Mexro1oBoi m3meHduBocTH (CV) ¢ 1940 o 2008 rr. na 'MC o-B Kynansr cocrasmsiet 0,22,
Tronennii u Orypuunckuii — 0,15 u 0,23 - Ha Kyynu-Masik.

K uncny knumaTooOpasyromux GpakTopoB, ONPEAESIONMX HHTEHCUBHOCTD HCIIapEHUS,
oTHocUTCsl Temreparypa Bo3ayxa. Ha I'MC Kacnuiickoro Mopsa ¢ koHna 1970-x-Hagana
1980-x romoB HAOMIOMAIOTCA IIOJIOKUTEIBHBIE OTKJIOHEHHS TOIOBBIX 3HAYEHUN OT
cpeaHeMHoroneTHeir HopMbl. CoxpaHeHWe JTHX TeHACHUMH B OyaymeMm Oyzaer
CHOoCcOOCTBOBAThH YBEIMYCHUIO HMHTEHCUBHOCTH HCIIAPEHHUSL.
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Puc.2. MHOronetHss u ce3oHHas u3MeHuUnBoCTh ncnapenus Ha 'MC Kacnmiickoro mopst

CoBpeMEHHOE TIOBBIIIICHUE YPOBHS MOPS ONPESsUIOCh TakKe YBEIWYCHUEM
KOJIMYECTBA aTMOC(EPHBIX OCAIKOB, BBIMAJAIONIMX HAa MOPCKYIO MOBEPXHOCTh. BrusHue
aTMOC(EpHBIX OCAJKOB Ha MEXIOJOBYI0O M CE30HHYIO HW3MEHYMBOCTH YPOBHS MEHEE
3HAUUTENBHO, YeM BBIIICYIOMSIHYTHIX COcTaBlstomux Oamanca. C Hawama XX CTONETHS B
MHOTOJIETHEM XOJIe aTMOC(EPHBIX OCAJKOB TMPOCISKHBATACH CTATUCTHYECKH 3HAUYMMAS
TeHAeHIus pocta (ocoberHo ¢ 1940-x rr.), a B 1978-2008 rr. ux KOJIUYECTBO 3HAUYUTEIHHO
MIPEBBICHIIO CPETHEMHOTOJIETHIOI0 HOPMY, TIPUBOJIS K TOBBIIICHUIO YPOBHS €XEroaHo oT 14
10 30 cM crost. YBennueHUEe CyMMBbI aTMOC(HEPHBIX OCAJIKOB, BHIMAAIONIUX B BOJAOCOOPHOM
4acTH BOJDKCKOro OacceifHa, COryiacyercsi C POCTOM IOBTOPSEMOCTH 3amagHoi (OpMBI
HUPKYJSIUU U aKTUBU3aLMEN IUKIIOHUYECKUX TTPOLIECCOB.

C 1940 mo 2008 rr. KoppelasiLMOHHAs CBA3b MPHUPAIIEHU YPOBHS C HCHAPEHUEM
cocraBnsiia munyc 0,40, ¢ atmochepubiMu ocamkamu - mioc 0,30. B 1972-1995 rr.
3aBHCHUMOCTH TpHUpPALIEHUI ypOBHSA C HCHapeHueM, OOBEMOM pPEYHOTO CTOKa |
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aTMOC(epHBIMU OcCaJKaMd Obuld Ooyiee 3HAYUTENBHBIMH 110 CPaBHEHUIO C JIPYTUMHU
nepuoaMu, cocTamisisi coorBerctBeHHO -0,62, 0,67 u 0,49. PesynbTaThl HCCIETOBaHHI
CBUJCTEIbCTBYIOT O Ipeo0jajalolieM  BIUMSHUM  PEYHOrO CTOKA W MCIApeHUs Ha
MEXKT0/I0BbIe U3MEHEHHSI YPOBHS MOPAI.

Haumnas ¢ 1996 r. mabmiomaeTcss HE3HAYUTEILHOE CHIDKEHUE YPOBHS MOPS, KOTOPOE
TaKke 00ycIoBIeHO KiauMarooOpasyromumu ¢aktopamu. C 1996 r., mo manueim AAHUU,
OTMEYaeTCs pa3BUTHE KOMOMHUPOBAHHOM STMOXM IUPKYISALUH 3alaJHON U MEPUANOHATILHON
dbopM. Ananu3 BoAHOro OajnaHCca CBHUJIETENBCTBYET, YTO MNPUYUHONW MHOHMKEHUS YPOBHSA
SBWJINCh IIPOLIECCHI, CIOCOOCTBOBABIIME CHIKEHHIO O0BEMOB peuHoro croka. B 1996 r.
OTMEYaJICsl BCIUIECK aKTUBHOCTH BOCTOYHOW (POPMBI LIUPKYIALMU, TOBTOPIEMOCTh KOTOPOM
yBenuuuiach 10 176 aHel, mpeBsicuB HOpMY Ha 31 nens. Ilpoueccs 3anaanoii Gopmbl pe3ko
cokpaTtwiach no 78 nHedt (Ha 49 nHEW MEHbIIE HOPMBI), YTO TPHUBEIO K OCIA0JICHUIO
UKIOHUYECKON JEATENIbHOCTH, COKPAIIEHUIO aTMOC(HEPHBIX OCaJKOB Ha BOJOCOOpE H, Kak
CIIEJICTBUE, K MAIIOBOAHOCTH Bonru. B pesynbrare sToro B Mmope noctynuio Bcero 204,5 km *
pedHol BoJbL, B T.4. 180 KM? BOJIKCKOrO CTOKA.

Kpome TOro, B ycinoBusix pa3BUTHSI aHTUIUKIOHUYECKUX MPOIIECCOB MPOMU3OIIET POCT
MHTEHCUBHOCTU THporueccoB ucnapenus. C 1996 r. no HacTosiee BpeMs CJI0i UCIapUBIINXCS
BOJl COCTaBWJI B cpeaHeM 96 cM/roja, 4TO MPHUBOIMIIO K exerogHoi morepe 377,3 kw3
Mopckoi Boabl (425 km? B 1996 r. u 318 xm? B 2003 r., yto coorBercTBYeT 108 1 80 cm cios).
Jedbunut BogHoro 6ananca coctaBuit okosio 160 km® B 1996 r. u 70 km® B 1997 rr., B T.4. 3a
cuér oTrTOoKa MOopckoi Bojbl B 3anuB Kapa-bora3-I'on.C 1996 r. mo 2001 r. ypoBeHb mMops
noHu3wiIcsa modtu Ha 50 cm, 3ateM (c 2002 r.) majeHWe MPEeKPaTUIIOCh M MPOM3OIILIA €ro
cTabum3anust OKoJI0 OTMETOK -27 M. CTabmiu3upyromuM (GakTopoM TOCTYKUIO HE TOJIBKO
yBEJIIMYEHHUE CTOKA, HO U COKpAI[eHHE BTOPOIl pacXOJHON COCTABISAIONIEH BOJHOTO OanaHca —
cToka Mopckux BoJ B Kapa-boraz-I'on. B 1993 -1996 rr. B 3anuB €XerojHo MOCTYNajao OT
30 no 46 kM*> MOpPCKOM BOJBI, @ B MOCIEAHUE TOJBI — OKOJIO 18 KM,

K uncny ocHOBHBIX (DAaKTOPOB, ONpENESAIOUINX KoJeOaHWsl YpOBHS MOps, HApSOy C
IJaBHBIM  (aKTOPOM — KIMMAaTUYECKOH HM3MEHUYMBOCTBIO, OTHOCSTCS TEKTOHHYECKHE
MIPOLIECCHI, U3MEHAIOIMNE 00beM KacHUNCKON BHAAWHBI, M aHTPOIIOI€HHAs JESATEIbHOCTh B
MopckoM Oacceifne. IloBeimenne ypoBHsi Kacnumiickoro Mopss B KoHIe XX CTOJeTHs
00yCIIOBJIEHO YaCTUYHO aHTPOIOI'€HHBIM BO3JIEHCTBUEM Ha FMAPOJIOTUYECKUI PEXUM 3aJIMBa
Kapa-boraz-I'on u cHuwkeHneM o0O0bEMOB O€3BO3BPAaTHBIX M3BATUH PEYHOIO CTOKA.
IIepexpriTe mponuBa Kapa-boras-I'on u nocnenyromas peryiaupyeMas HE3HaYUTEJbHAst
nojaya Mopckux Boj a 3anuB B 1980-1992 rr. cmocoOcTBOBaNM MOBBIIIEHUIO YPOBHS MOPS
npumepHo Ha 40 cm unu 20% ero coBpeMeHHOr 0 o IbeMa.

B pe3ynbraTe TUKBUIAIMY IUIOTHHBI U BO30OHOBJIEHUS €CTECTBEHHOI'O MOCTYIUIEHUS B
3aJIMB MOPCKOW BOJBI TOBBIIIEHUE YPOBHS OBLIO MEHBIIIE BO3MOXKHOTO npuMepHO Ha 30 cM.
HaunOonee 3HaumTenpHOE CHIDKEHHE YpPOBHs, CBA3aHHOe co crokoM B Kapa-borasz-T'om,
cocTaBuio okosio 12 cm (1995r.), korna B 3auB NOCTYNHIIO CBBINIE 46 KM?> MOPCKOW BOJBI.
OTO CHWXKEHHE OOYCIOBIEHO B OCHOBHOM aHTPONOTIEHHBIM (akTOpoM, TaK Kak B
€CTECTBEHHBIX YCJIOBMSIX MHOTOBOAHBIX JIET M TpuU Oojiee BBICOKUX OTMETKaX YpPOBHS
MaKCHMaJIbHOE CHUKEHHUE YPOBHSI, BBI3BAHHOE OTTOKOM MOPCKHMX BOJ| B 3aJIUB, COCTABIISJIO B
Hayane XX croneruss 7 cm cnos. [locne 1995 r. exerogHoe CHUKEHHE YpPOBHS 3a CYET
BIIMSIHUS 3TOW OTPHUIATENBbHOM COCTABIAIONIENH BOJAHOTO OajgaHca MPOUCXOIMIO B CPEJHEM Ha
5 cMm (4-7 cm).

Ha npotsbxkennn XX CTONETHSI CHUKEHHE YPOBHS MOPSI IOJ BJIMSHHMEM Pa3INYHBIX
BOJIOXO3SIIICTBEHHBIX MepornpusaTHil B OacceitHe Kacnuiickoro Mopsi 3HaUUTEIbHO MEHSIIOCH.
B 1930-1940-bie rr. cCHUXKEHHME YpOBHS He IpeBblmano 2-3 cm/roa. Okono 350 km* peuyHoro
CTOKa HCIonb30BaHO B 1950-1960-pie TOmbI Ha 3amoOJIHEHHWE BOJMOXpaHUIUIT Boimkcko-
Kamckoro kackaja, 4To NpUBOINIIO K €KETOAHOMY CHM)KEHUIO YPOBHSI MOpsSl B CpEeJIHEM Ha 7
cM. MakcumaiibHbIe 00bEMBI 0€3BO3BpATHBIE U3BATHS PEUYHOTO CTOKA B KoHIEe 1970-x - 1980-
X IT. TPHUBOJWIN K CHIXKEHHIO ypoBHS Ha 10-12 cm/ron. B HacTosIiiee BpeMmsi eXerogHoe
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CHIDKEHHE YPOBHSI MOps, OOyCJIOBJICHHOE O€3BO3BPATHBIMH H3BATHSMH, HE TPEBBIIIAET B
cpeaHeM 4-7 cM ciosl.

AHTpOTIOTeHHBIM ~ ()aKTOpPOM, a HWMEHHO 3aperyJHMpOBaHHEM BOJHOTO CTOKa,
00BSICHSICTCS CYILIECTBEHHOE €T0 MepepacipeiesieHue Mex a1y pa3IMuyHbIMU ce30HaMu roja. B
NIEpUO/T MOJIOBOABSI 00BEM CTOKA CHU3HJICS B CBS3H C 3aIIOJHEHUEM BOJOXPAHUIIMIL, a 3UMOMN
MOBBICUJICSI B CBSI3U C HMX cpaborkoi. Haubosee sipko 3T HM3MEHEHHs] OTPa3WIMCh Ha
U3MEHEHHUAX o0beMa CTOKa B WIoHE W siHBape (puc. 2). Tak, B Hauane XX cromnerus (1900-
1929 rr.) B utoHE B MOpE MOCTYyNalo B cpenneM 27% romoBoro croka (66 km*/rof), Toraa Kak
B IEpUOJ TOCIEAHEro moabema ypoBHS, B 1978-1995 rr., o0beM HMIOHBCKOTO CTOKa
cokparuics 1o 14% (37 km*/ron).
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Puc.2. MHOTONETHSISI HN3MEHYHBOCTH CTOKa Bonru (km?) B mroHe (BBEpXY) U stHBape (BHHU3Y)

MOXHO OTMETHUTBH, YTO COBPEMEHHOE BO3JCHCTBHE AHTPOIOTECHHOHN JAESITEIIBHOCTH Ha
MEKI'0JIOBbIE U3MEHEHUS! YPOBHS BEChbMa HE3HAYMTEIBHO U OIPEIEIIseT, TIIaBHBIM 00pa3oM,
€ro BHYTPUTOZIOBYIO U3BMEHUYUBOCTb.

OrneHka reoyoro-TEKTOHNYECKUX MPOILIECCOB MOKa3ajla UX HE3HAUUTENIBHOE Yy4acTHE B
MEXr0/I0BOIl M3MEHYMBOCTU YpPOBHS MOps, KOTOPOE€ HE MOXKET ObITh COM3MEPUMO C
KJIMMaTHYECKUM M aHTPOIIOT€HHBIM BO3ACHCTBHEM. B COBpEMEHHYIO I'€0JOTHYECKYIO AIIOXY
pa3HOHAINpaBJICHHbIE BEPTUKAIbHBIE CMEIIECHUS JTHA KACIIUKWCKON BIAIUHBI, 00YCIOBICHHbIE
TEKTOHWYECKMMHU TNpoIleccaMd B pa3IMyHBIX €€ YacTsaX, B OOJIBIIMHCTBE CIy4aeB He
npeBbImarT = 2,5+5,5 wmMm/roa. Hambonee cyimiecTBeHHBbIE TEKTOHWYECKHE JBUIKECHUS
HaOmomamuce B pailone I'MC baky, rae npoucxoausio OTYETIMBOE OMYCKaHUE HYIS
¢yrmToka (okono 1 cMm B roxa), mpoanuBmieecs a0 1978 r., mocine yero HampablieHHE
BEPTUKAJIBHBIX CMEUICHUM MOMEHSIIO CBOM 3HaK. 3a nepuof ¢ 1830 mo 1977 rr. ormMeTka HyIs
bakunckoro ¢yrmroka onmyctmiack Ha 50 cM, a oOlee CHUXEHHUE YPOBHS MOPS 3a 3TO
BpeMs mpousonuio Ha 3,2 M. B konme 1970-x rr. ObIIO Takke OTMEUEHO W3MEHEHHE
HaIpaBJIeHUs BEPTUKAIbHBIX IBMkeHUN B TyHKTax @. [IleBuenko u KpacHoBoack. BeicoTHOE
nojoxenue Hyined ¢yrmrokoB I'MC Maxaukana, @. IlleBuenko, Kyymu-Mask u
Typxmen6amm (KpacHOBOJCK) H3MEHSIETCSI BECbMa HE3HAYUTENBHO.
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CoBpeMeHHas MEXro10Basi U3MEHYUBOCTD YpoBHs (+36 + -40 cM 3a nepuon ¢ 1978 no
2009 1r., B T.4. 32 CYET AaHTPOIIOICHHOTO BO3JCHCTBUS B CpeaHEM He Oojee 4-7 cMm clios
€XKEroJIH0) CYIIECTBEHHO BBIIIE pEATbHBIX BEPTUKAJIBHBIX CMEIICHHH, OOYCIOBICHHBIX
TEKTOHWYECKMMHU IpoleccaMu. TakuMm obOpa3om, kosebanus ypoBHs Kacmuiickoro mops
00yCJIOBJIEHbI B OCHOBHOM COYETaHHWEM KIMMAaTHYECKHX M aHTPOIOTeHHBIX (akTopoB. Kak
[O0Ka3aJId MHOT'OYHCIIEHHBIE UCCIIEI0BaHUs, KJIMMAT — 3TO OCHOBHOMH (DakTop, onpeaesistonuii
BEKOBBIE, MHOTOJIETHUE U CE30HHbBIE U3MEHEHUS YPOBHS MODSL.

Taxkum o6pa3zom, aHanu3 KIMMaTOOOpa3yroUMX (PaKTOpOB M OLEHKA UX BIMSHUS Ha
THJIPOMETEOPOJIOTHUECKUE YCIOBUS Kacnuiickoro 6acceitna B XX-XX1 CTONETUAX TMO3BOJIUII
Haubosiee O0OBEKTHUBHO u BCECTOPOHHE OTpPa3UTh JUHAMUKY CJIO’KHBIX
THJIPOMETEOPOJIOTHYECKUX MPOLIECCOB U KOJICOAHUN YPOBHS MOpS B YCIOBHSX INIOOATBHOM
KJIMMAaTU4YeCKOH H3MEHYMBOCTH M AaHTPOIOICHHOTO BJIMSHUSA Ha peXuM Mops. bbuin
[I0JIy4€Hbl CTAaTUCTUUECKH 3HAUUMBbIE IPUYMHHO-CIIEICTBEHHBIE 3aBUCUMOCTH MU3MEHYMBOCTHU
LUPKYJIALHUOHHBIX IMPOLECCOB U KOJeOaHUH yPOBHS MOpSI.

dopmMupoBaHUE THIPOMETEOPOJIOTHUECKUX TporeccoB B Oacceiine Kacmusi cBsizaHo ¢
KpPYIHOMACIITaOHBIMM TIPOLIECCAMU B3aMMOJAEUCTBHUS OKeaHa M aTMOc(epbl, pa3BUBAIOIIN-
mucsi Haj CeBepHOW ATIAHTHKOM. YCTaHOBJIEHO, YTO JJIMTENIbHBIE OJIHOHANpPAaBICHHBIC
W3MEHEHMSI YPOBHs — PErpecCUd WM TPAHCIPECCUU MPOUCXOIAT B YCIOBHUAX II0OATbHOM
KJIMMaTH4YE€CKOM  M3MEHUMBOCTH, NPOSBISIOLICHCS B Ipelenax BCero ATIAHTHUKO-
EBpomneiickoro cexropa ceBepHOro nosymapus. Tak, B yCJIOBUSAX aHOMAJIbHOTO Pa3BUTHUS
IIPOLIECCOB AaHTULUKJIOHNYECKON UpKysuuu B 1930-1941 rr. u 1970-1977 rr. npoucxonuio
IIOHMXEHUE YPOBHS Mops (cooTBeTcTBeHHO Ha 1,8 u 0,7 M). YcTaHOBIEHHE IIUKIOHUYECKHX
npoueccoB B 1978-1995 rr. mpuBelio k €ro pe3koMy MoBbIIIEHUIO (Ha 2,4 M).

B pesynbrate OLIEHOK  BIIUSTHUS 0apUKO-IIUPKYJIALMOHHBIX IPOLECCOB HA
THJIPOMETEOPOJIOTHIECKUE YCIOBHSI KaCIUICKOro OacceiiHa B OOJNBIIMHCTBE CIy4YaeB ObUIH
MIOJIyYEHBbl CTATUCTHUYECKH 3HAUYMMBIE 3aBUCUMOCTH MEXIYy HHIEKCAMH LUPKYJIALUU U
TUIPOMETEOPOJIOTUYECKUMHU 3JIEMEHTAMU; TPEH[bl, BBIJEICHHbIE B  MHOTOJIETHUX PsAax
KJIMMaToOOpa3yloIuX ¥ THIPOMETEOPOJOTHUECKUX XapaKTEPUCTUK, CBUAETEIBCTBYIOT O
KpYITHOMAcIITa0HBIX ~ Tpoleccax, OOYCIOBJIEHHBIX  COBPEMEHHOM  KIMMaTHYeCKOM
U3MEHUYUBOCTBIO.

WccnenoBanus, NpoBeACHHbIE MO HHCTPYMEHTAIbHBIM JaHHBIM 3a 1952-1998 rr.,
MOATBEPKIAI0T MPEXKIE BCEro CBA3b INPUPALIEHUN YPOBHSA CO CTOKOM pek. [Ipupamenus
ypoBHs Mops (AH) onpenensitorcst BnusinueM croka Ha 84 %. HauOonee 3HauuTenbHA CBS3b
npupameHuii ypoBHs ¢ 3ananHoi (0,55) m BocrouHoi numpkymsuueit (-0,45), a ¢ cesepo-
atnantuueckuM (CAK) u  roxubiM  (FOK) konebanusmMu — MeHee CyIIECTBEHHA
(coorBerctBeHHO 0,29 m munyc 0,28). Casp npupamenuid ypoBHs ¢ IOK u passButuem
AHTUIMKJIOHUYECKMX IPOLECCOB LHUPKYIALMK HaJ MOPCKOM aKBaTOpHeEHl ompenensercs
OTPHIIATENILHOW KOppesiiueii (coorBeTcTBeHHO, -0,48 1 -0,36).

OTCcyTCTBHE CTATUCTHMUECKH 3HAYMMBIX 3aBHCHUMOCTEM MEXIy COCTaBJISIOIIUMU
BonHoro Oamanca Kacrius u CAK  oOwscHsiercs Hanuuuem ABYX (a3 pa3BUTUS 3TOTO
KojeOaHusi — OTPULIATEIbHOW U TIOJIOKUTENIBbHON, B TEUEHHE KOTOPHIX €ro BIUSHUE Ha
TUIPOMETEOPOJIOTUUECKUN  PEKUM  MoOps  pasnuuHo. MccnenoBaHus MoOKasalH, 4YTO
n3Mmenenue ¢ga3pl CAK npuBoIUT K CyIIECTBEHHOM nepecTpoiike aTMOCPEPHON HUPKYIALNUN
ATtnantuko-EBponeiickoro permoHa M, B YacTHOCTH, OOYCIIaBIMBAET CABHUI TPACKTOPHIA
IUKJIOHOB. B mepuon orpuniarensHoil ¢assl (mpeoliagaHre MEPUIMOHATBHBIX MPOIECCOB,
pasBuTHE Onokupyromux cutryauuii B CeBepHOM ATIAaHTHKE) OCbh TPAeKTOPUN 3MMHHUX
LMKJIOHOB CIBUHYTA K IOTY U MaKCUMaJIbHBIN MEPEHOC TEIUIa U BJIard HANpPABJIEH B I0KHYIO U
neHtpanbHyto EBpomy. B mepuon mnonoxurtenbHoil (aszbl (mpeoOrnagaHue 30HAIbHBIX
IIPOILIECCOB) OCh CABMHYTA K CEBEPY U MAaKCUMAaJIbHBIN IIEPEHOC TEIlIa U BJIark HalpaBlIeH Ha
ceBepHyto EBpony u Cxanaunasuto (Hecrepos, 2003).

Ces3p cTOKa pek ¢ pasputreMm 3anagHor (W) dhopmbl IUPKYIAIMH COCTaBWIA 3a
nepuoa uccienoBanuii 0,38. PazpuTrie aHTUIUKIIOHUYECKUX MPOLIECCOB B palloHE A30pCKOro
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MakcHUMyMa, Ha rore EBponeiickoii Teppuropueii u B 1oro-zamaanoil Cubupu oTpunaTeabHoO
BIIMSET HAa CTOK, CBSI3b BBIPAKAETCS COOTBETCTBEHHO Koddduimentamu -0,45, -0,35 u -0,45.
OTtpunarenbHas 3aBUCUMOCTh HaOnogaercss Takxke Mexay muaekcom FOK u crokom pek (-
0,41). OTmMeTuMm, 4TO NPHUBIICYEHUE K UCCIECAOBAHUAM Pa3IMUHbIX MHJEKCOB LUPKYIALUU HE
TOJIBKO CEBEPHOT0, HO M IOKHOIO MOJyHIapuil JUlsl aHalu3a TUAPOMETEOPOIOIMUECKUX
YCIIOBUH KaclMHCKOro 6acceiiHa u KojeOaHU ypOBHS MOps TpeOyeT O6osiee OTBETCTBEHHOIO
OTHOILIEHMS, TaK KaK He BCErJja HAJIWYME 3HAYUMBIX KOA(PQPHUIUEHTOB KOPPEISAIHUU
CBUJIETEJICTBYET O HATMYUU (HU3NYECKH 0OOCHOBAHHOM CBA3H.

Haubonee 3HaumTenpHbBIE KOPPESIMOHHBIE CBS3M HAOMIOJAIOTCA TOJBKO B AIOXH
AHOMAJIBHOTO Pa3BUTHUA (GOopM LUpKyJIAuuu. HeycToHuMBBIM XapakTep CBSI3M 3JIEMEHTOB
TUAPOMETEOPOJIOTMUECKOTO PEXUMA C LUPKYJIALUOHHBIMU IIPOLIECCAMHU  INI00AIILHOTO
MmacmTaba OOBSCHSETCS, INIABHBIM 00pa3oM, UX 3MOXaJbHBIM DPa3BUTHEM, CMEHOM OJHOIO
TUNA TUPKYISAUUU Ipyroit popmoii. Kaxxaol mUpKyISIHMOHHON 3I110XE COOTBETCTBYET CBOM
THJIPOMETEOPOJIOTUYECKUN  peKUM U ypoBeHb Mops. [lostromy mpu paszpaborke
IPOrHOCTUYECKUX 3aBUCUMOCTEN HEOOXOIMMO 3TO YUUTHIBATh.

OOHazexuBaroIye pe3ynbTaThl NOJYUYEeHbI IPU pa3paboTKe Mojeneld MHOXKECTBEHHON
JUHENHOM perpeccMu JUuisi YpOBHS MOpPSA M €ro IPUPAIIEHHA C  pa3IMYHOMN
3abnaroBpeMeHHocThio mporeccoB pazsutus W, E u C dopm numpkynsauuu. Coueranue
rJI00ANBHBIX W PETMOHAIBHBIX PEKUMO0OOpa3yomux (GakTOpoB B MOMAETSAX IO3BOJISET
YIAYYIIATh KaueCTBO MOJEIH, HO, K COXKaJIEHUIO, HE BCErJa KOJIMYECTBO NMPEIUKTOPOB MU
HEIOCTaTOYHO KOPPEKTHBIH MX BHIOOp MpHU MOCTPOSHHH IPOTHOCTHYECKHX MOJIENIEH
CHOCOOCTBYET YCOBEPLIEHCTBOBAHUIO MOJIEIH, @ JMIIb BHOCUT JIOTIOJIHUTEIbHBIE TPYAHOCTH.
Haneemcs, uyTo BKiIOYEHME psfa APYrUX NPEAUKTOPOB, UMEIOLIMX Ooliee JUINTEIbHYIO 0a3y
HaOJr01eHUH, T03BOJIUT IIPOABUHYTHCS BIIEPE TP PEILICHUH ITOM CIOXKHEHIIeH mpoOaeMbl.

HaubGonee cnoXXHbIM U TpPYyAHBIM BOIIPOCOM OCTaeTCsl BONPOC O BO3MOXKHBIX
TEHACHIMSAX W3MEHUMBOCTH YPOBHS MOps. BOJIBIIMHCTBO CyIIECTBYIOIIMX B HACTOALIEE
BpeMsI IIPOrHO30B YPOBHSI YKa3bIBalOT Ha BEPOATHOCTH €ro MOBBIIEHUS. B TO ke Bpems,
HEKOTOpbIE aBTOPHI MPEAIOJIaraloT, 4YTo B Oymkaiiinee BpeMs MOAbEM YPOBHS 3aMEUINTCS U
npousoiaer ero crabunuzanusa. CTaduIn3npyomuM (GakTopoM MOCIYKUT BOCCTAaHOBIEHHbIN
co BTOpo# nonoBuHbI 1992 1. cTOK MOpckux BoA B 3ayuB Kapa-boras-I'oa.

AHanu3 KpynHoMacTaOHbIX U3MeHeHUH ypoBHS Kacnusi cBUIETENbCTBYET O TOM, UTO
B JJAJIEKOM NIEPCIIEKTUBE BEPOSITHOCTD MPOJOJIKEHUS PETPECCUBHOTO PA3BUTHUS €CTECTBEHHOTO
X0Jla ypOBHS BeCbMa OYEBHMJHA. OTOM TOYKHM 3pEHUS MPHUAECPKUBAIOTCS MHOTHE
uccinenosarenu (AOy3spos, 2003; PeryaroB u ap., 1994; Ceurou u ap., 1996 u ngp.), mo
MHEHHUIO KOTOpBIX MaJIeHHE YpPOBHS B HENaJeKOM OyaylleM SBIISETCS BIIOJIHE BEPOSITHHIM.
JlaHHBIN BBIBOJ HampalMBacTCd TAaKKE€ M M3 pPE3ylbTaTOB aHAJINW3a YPOBHSA 3a MEPHOL
MHCTPYMEHTAJIbHBIX HAOJIOJICHUN, CBUJETENIbCTBYIOIIET0, YTO MOABEMbl YPOBHS SIBISIIHCDH
KpPaTKOBPEMEHHBIMH 31IH30JaMHU.

CrnenyeTr OTMETUTh, YTO HU B OJIHOM U3 NMPOTHO30B, BHIINOJIHEHHBIX B MIOCIEIHUE TOJIbI,
He ObUIO MpesicKka3aHo cHUkeHue ypoBHA ¢ 1996 mo 2001 r., mOCKONbKY MPAaKTUYECKH BCE
PacCMOTPEHHBIE METOJIbl TMO3BOJISIIOT MPOTHO3MPOBaTh B OCHOBHOM TOJBKO TPEHIO0BYIO
COCTaBIIAIONIYIO0, @ HEe MeJKHe (IIOKTyaluu. SIBisieTcs JM CHIKeHHEe ypoBHS ¢ 1996 r.
¢roKTyanuen UM CBUIETENbCTBOM TOTO, YTO YPOBEHb MOPS HAXOJAUTCS B CTaJIUU Mepexoa
K nocienyrwomei perpeccun? OTBETUTh Ha 3TH BONIPOCHI I10KA TPYJHO, T.K. OHU HAIPSIMYIO
CBSA3aHBl C IIPOTHO30M KJIMMAaTHUYECKOM HW3MEHYMBOCTH, B YACTHOCTH, C Pa3BUTHEM
aTMOC(EpPHBIX  MPOILIECCOB, ONPEACISIOMUX MEXKIoJ0BYI0 H3MEHYMBOCTH OCHOBHBIX
COCTAaBIIAIOIIMX BOJHOTO OajlaHca.

Cnncok HCMOJIb30BAHHOM JTUTEPATYPBI

AGy3sipoB 3. K. TexHosorus Mpor{Ho3a TEHACHIMN M3MeHeHus ypoBHs Kacmuiickoro Mopst Ha
nepcrekTuBy 6 u 18 mer // Tupponorndyeckne acrekTsl mpodieMbl Kacmmiickoro Mopst U €ro
baccetina. CI16.: ['mapomereousaar, 2003. C. 351- 363
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IMPOBJIEMA JOJI'OCPOYHOI'O ITPOI'HO3UPOBAHUA
YPOBHS KACIIUMCKOI'O MOPS

B.H. Majimaun
Poccniickuil rocy1apCcTBEHHBIN THAPOMETEOPOTIOTrYECKUN YHUBEPCUTET,
Cankr-IlerepOypr, Poccus
malinin@rshu.ru

AHHOTAUA

PaccmaTpuBaeTcs mpemiokeHHas aBTOPOM Mojieb (POHOBBIX KoseOaHmit ypoBHs Kacmuiickoro
Mopst (YKM), ocHOBaHHas Ha KOHIICNIIMUA €CTECTBEHHBIX KimMarndeckux nepuonoB (EKII), mis
KaXIIOTO W3 KOTOPBIX XapaKTepHO OIpeaesieHHOe paBHOBecHOE mosiokeHne YKM, HazbpiBaeMoe
YPOBHEM TATOTEHUS, TPH KOTOPOM TIPUXOIHAS M PACXOJHAS YaCTH BOJAHOTO OanaHca MOpS B3aMHO
YPAaBHOBEIIUBAOTCS. HaHna XapaKTepUCTUKA O0COOCHHOCTEH COBPEMEHHOTO EKII,
MPOJOJDKUTENLHOCTRIO He MeHee 40 ser, HayaBmerocs B 1978 r. Haubonee BeposiTHOe 3HaueHHE
ypoBHs Tsrorenus ais gaHHoro EKII moxxHO mpuHSATH paBHBIM 26,6+0,2 M. YKa3wsIBaeTcs, 4TO B
HacTosmiee Bpems YKM mepemien B CTaiuio CTa0MIN3alliU, U MPEIONaraercs, YT0 B TEUCHHE, 10
MEHBIIIeH Mepe, ONKaNIIero NeCATUICTUS OH Oy/IeT UCIIBITHIBATh CIIyYallHbIe KOJIEOAHUS YyTh HIKE
YPOBHS TSTOTEHUS C OTHOCUTEIBHO HEOOJIBIIION aMILIUTYIOH.

BBenenue

Baxmueiimei 3amauyeil mporHo3a ypoBHs Kacnwuiickoro mops (YKM) sBnsercs ero
OLICHKAa Ha HECKOJIbKO JECATUIIETHH BIiepeA. B OCHOBHOM Juisi 3TOM LENM NPUMEHSIOTCA
BEPOATHOCTHBIE U YUCTO CTATUCTUYECKHE METOJBI, PUHIUNIHAIBHBIN HETOCTATOK KOTOPBIX
COCTOUT B TOM, YTO OHH JIMIIb KOCBEHHO YYMTBIBAIOT IPUYMHHO-CIEACTBEHHBIE CBS3H
konebanuit YKM c¢ onpegenstomumu — pakropamu. [letanbHblil 0030p pe3ysbTaToB
noJrocpoyHoro nporuosupoBanus YKM stumu merogamu naercs B pabore E.A. JleoHoBa
(2010), B xoTOpoii mpenacTaBiaeHbl naHHbIE Oojiee 20 myOnaMKaIMii Ha 3Ty Temy. Jluama3oH
nporHoctudeckux orneHok YKM maxomutcs B mpeaenax ot -20 m BC mo -31 m BC, T.e.
OTPOMEH.

[Ipu ycTraHOBIIEHHNH YETKUX (PU3NYECKUX 3aKOHOMEpPHOCTEH KoneOaHuM ypOBHS MOpS
MOSIBIIIETCA BO3MOKHOCTh UX aHAJIMTUYECKOIO ONKMCAHMS U NPOTrHO3a. BeposTHO, epBoi B
JTAHHOM HarmpaBiieHuu sBisiercs padora A.b. Kaszanckoro (1994), KoTOpbIi a1t 9TOW meTn
MCIOJb30BaJ ypaBHEHHE BOJHOrO OanmaHca Mops. B pesynprare oH momyuun Oe3 ydera
nercTBUsT MOpPOMETpUUECKOTO (PakTopa HETUHEHHYI0 3aBUCHMOCTh W3MEHEHHS YPOBHS OT
orpeneNaonmx GakTopoB JUIs Epro/ia MOBbIIeHNs YpoBHS nocie 1977 rona. UnTepecHoi
€€ OCOOCHHOCTBIO SIBJISIETCS TO, YTO OHA HMMEET AaCUMITOTUYECKUH BHJ, NMpPUYEM JIHMHUS
ACHMIITOTHI IPOXOJUT HECKOJIBKO HIDKE -25 M, a CTaJus CTaOMIU3aIlMH YPOBEHHOI'O peXUMa
Hactynaet nociue 2020 r.

OcHoBHAAl YaCTh

B 1999 r. aBropom (Manunus, 1999) npemnoxena ¢uzndecku 6oiee 0O0CHOBaHHAs
Mozenb (oHOBBIX KoneOanmit YKM, ocHOBaHHas Ha KOHIEHIIUU «ECTECTBEHHBIX
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KIUMaTuueckux mnepuoaoB» (Manunun, 1994). Iloxm ecTecTBEHHBIM KIMMAaTUYECKUM
nepuonoM (EKII) monnmMaercs AO0CTaTOYHO JJIMTEIBHBIA MPOMEXYTOK BPEMEHH, B TCUCHHE
KOTOPOTO KOJICOAHUS YPOBHS SBJISIOTCS OTHOCHTEIHHO OJHOPOIHBIMU. B pe3ynbprare umeem
tpu tuna EKII: gpnuTensHbIil oabeM, JUIMTEIBHOE NAJEHUE U CTOSIHUE YPOBHs. Bbijenenue
EKII ocymectBneno 3a mnocienuue 2000 mer, T.e. ¢ Hayajga Hamedl 3pbl, HA OCHOBE
BOCCTaHOBJICHHOTO I10 JECATHIIECTHIM xo1a ypoBHs mops (Bapymenko, Bapymienko, Kiure,
1987). XoTs mpu 3TOM TOYHOCTh MAJCOKIMMATHUYCCKON PEKOHCTPYKIIMUA XOJa YPOBHSI
MIPaKTUYECKH HE TOIIAETCS KOHTPOJIIO, TEM HE MEHEE, OHA MO3BOJISET, IyCTh MPUOJIMIKEHHO,
OIICHUTh TOYKH IIepeioMa B  JIOJITOBPEMEHHBIX HW3MEHEHUSAX YPOBHA H  UX
MIPOJIOJDKUTEIILHOCTh. 3aMETUM, YTO TPHU BBIICJICHUM CTOSHHS YPOBHSI NMPUHUMAJIHUCH €T0
W3MEHEHUS C aMIUTUTY10i MeHee 1 M.

Bcero 6110 Boineneno 38 EKII (tabm. 1), u3 Hux 15 - ¢ MOHOTOHHBIM POCTOM YPOBHS,
15 - ¢ MOHOTOHHBIM MAJEHUEM U § - XapaKTEpU3YIOLIMXCs cTossHUEM ypoBHs. Ilociennuii,
39-i1 EKII (puc. 1), navanca B 1978 r. ¢ anuTenbHOro moabeMa ypoBHS. M3 NaHHBIX,
MPUBEJECHHBIX B Ta0. 1, cieayer, 4YTO MUHHMAJIbHAS MPOJIOJDKUTEIBHOCTh KaXI0ro u3 38
EKII cocraBinsier 40 neT, B TO BpeMs Kak MaKCUMajIbHas MOKET ObITh B JiBa pa3a 0oJbIIe. DTo
03HAYaeT, 4TO, MO KpaiHeill mepe, n0 2020 r. MoJDKHA COXPAHUTHCS MHOTOBOJIHAs (aza B
KoJeOaHusX YpOBHA U, CIEOOBaTelbHO, Ha JTOT CPOK BO3MOXHO COCTaBIICHUE
CBEPXJIOJTOCPOYHOTO TPOrHO3a. MOKHO OTMETHTh TaKXKe, YTO B CPEIHEM €CTECTBEHHBIMN
KIUMaTHYeCKU IMKI KoieOaHuil ypoBHS cocTaBisier okoino 110 ner u sBusiercs
OTIPEIETISIONIUM B €70 MEXTOJOBOM XOJI€.

400

Crosinne CHuxeHmne Poct
300

200

100

1830 1850 1870 1890 1910 1930 19
-100

1990 2010

-200

Puc. 1. Cxema BblIeTIeHHs] ecTeCTBEHHbIX kinumarndeckux mepuonoB (EKIT) B konebGanusx ypoBHs
Kacnus. 3a Hynb npussta otMeTka -28 M bC.

Taomauna 1
XapaKTepI/ICTI/IKI/I CCTCCTBCHHBIX KIINMATHNUYCCKHUX HepI/IOJIOB B KOJ'I€6aHI/I5[X ypOBHSI Kacnm[ C
HayaJia HalleH 3pbl 0 HACTOSIIEE BpeMs

[Iponomxurensaocts EKII, I'paguenr,
Xapakrepuc- Yucio LAY T cm/ron
THKa EKII cpeaHsis MAaKCH- MHHHA- CcpeaHui MAaKCH- MHHHU-
ManbHas MajbHas MAaJIbHBIN MaJIbHBIN
Poct 15 53 100 40 6.32 11.5 2.6
ITagenue 15 54 80 40 6.68 11.2 2.4
Crosane 15 46 60 40 1.61 2.2 0.8

Hns mepBeix nByx tumnoB EKII xapakTepHbl pe3kue OJHOHAINpPABICHHBIC KOJeOaHUs
YpOBHA B HaA4aJIC NCPUOJA, CBA3AHHLIC CO CKa‘{KOO6paSHBIM U3MCHCHHUEM COCTAaBJIAOHINX
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BOJIHOTO OaslaHca MOpsl M Ipex e Bcero croka Boaru. O rmaBeHcTBYrommIEeH posn croka Boaru
B MEXromoBoil m3meHunBoct YKM rosopurcs u B padore (Illmkmomanos, I'eoprueBckuii,
[Haneirus, 2003). BesencTBue 3TOr0 ypoBeHb TATOTEHUS, MPEICTABISAIONIMNA COOON HEKHIA
PaBHOBECHBIN YPOBEHb, IPU KOTOPOM MPHUXOJIHAS M PACXOAHAs YacTH BOJHOro OajaHca MOps
B3aMMHO YPaBHOBEIIMBAIOTCS, OYEHBb OBICTPO «IEPECKAKMBAET» M3 OAHOIO PaBHOBECHOTO
IOJIOKEHMS B Apyroe. Takol xapakTep JIMTENbHBIX OJHOHAIIPABICHHBIX U3MEHEHUI YPOBHS
cocTaBisieT cyTb IiepBoi (HauanbHOM) craguun EKII. B pesynprate neiictBus
MopdomMeTpudeckoro (akropa, poJib KOTOPOro OBICTPO HapacTaeT C YBEIMYCHHEM
nponopkutensHocTd EKII, koneOaHus ypoBHS IIOCTENIEHHO YMEHBINAIOTCA U, B KOHLE
KOHIIOB, HAcTynaeT cTaius ero crabwiu3auuu. B npuOamkKeHuu peasbHOro YpPOBHS K
PaBHOBECHOMY M COCTOMT CYyThb BTOpoil (koHeuHoi) craguu EKII. Otmerum, yTto Takoe
[IOHMMaHHE YPOBHS TATOTEHUS MOpS NPUHLUINHMAIBHO OTIMYAETCS OT €€ TPaJAULUOHHOM
tpakToBKHU (PaTtkoBuy, 1993), coriacHo KOTOpPOW OH MPUHUMAETCS KaK HEKOTOPAsi KOHCTAHTa
32 MHOT'OJIETHUI IPOMEXKYTOK BPEMEHHU.

OcHoBHOW mpuunHOW, oOycnoBnuBatonieii cmeny EKII, sBusercs Bo3jaeiicTBHe
BHEIIHUX CTOKO(OpMUpYIOIIUX (AKTOPOB Ha MEXKroJoBble KojebaHusi cToka Boaru
(Maynunnn,1994; Manunaun, 2009), KOTOpBIH «IE€PECKAKUBACT» M3 OJHOTO CTAIMOHAPHOTO
pe)xumMa B JApPYrod IMOYTH MTHOBEHHO. DTO HArJIAJHO BHUJHO HA pPUC. 2, HA KOTOPOM
n300pakeHa KpHUBasi MEXKT0I0OBON M3MEHUMBOCTH cTOKa Bonru 3a cromernwmii (1890-1990 rr.)
nepuoJi. XoTs B LIeJ0M [yl KojeOaHui croka Bosrn xapakTepHa HecTallMOHApHOCTh, TEM HE
MEHe€, HETPYAHO BBLIEIUTh TPU JOCTATOYHO JUIUTEIbHBIX MEPUOJA, B TEUEHHE KOTOPBIX
KoJIe0aHUsl CTOKa SIBJISIIOTCS OTHOCUTENIBHO OJHOPOAHBIMHM. DTO NEPUOJ CTOSIHUS YPOBHS
1890-1929 rr.(37-i EKII unu 1-# 10 HHCTPYMEHTAILHBIM Ha6JIIOIleHI/I$IM) XapaKTepu3yeMbli
CpeAHMM 3HaueHueM cToka Bomru y . CaMapLI Q1 = 7800 m*/c, mepuox majxeHus YPOBHS
1930-1977 rr.(38-it EKII) ¢ Q,= 7000 M*/c 1, HaKOHell, epHOL pocra, Hauasumiics ¢ 1978
I., CpeIHee 3HAUCHHUEe CTOKA JIJIST KOTOPOro MpHOIrKkeHHO cocTaBiser Qz = 8400 M/

Q, M3
11 000 +

10 000 +

9000 +

_ |
= A Al

7000

6000 VJ

5000

1 1 1 1 1 1 1 1 1 1
1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990

Puc. 2. MHoroneTHue u3MeHeHHUs1 cToka Bomrm y 1. Bomrorpama. Ilpsmbie nuHUM — cpemHme
apupMeTHIeCKHe OIIEHKHU CTOKa s oTaenbHBIX EKII.

l'opazno MeHee OTYETIMBO BBIpAXKEHA AHAJNIOTMYHAS MEPECTpPOMKa B MEXKTOIOBBIX
KoneOanuax 3¢ ¢exTuBHOrO ucnapeHus E.q (puc. 3), T.e. pa3HOCTH MEXKAY HUCIAPEHUEM U
BBIMIABIIMMHU Ha aKBATOPHUIO MOps ocaakamMu. He B mocieaHio0 ouyepenb 3TO CBSI3aHO C
HaJIMYMEM 3aMETHOM TPEHIOBOM coCTaBismomend B Xxoxe E,p, KOTOpasg NpPaKTHYECKH
OTCYTCTBYET B HW3MEHEHHUSAX PEUYHOro Ccroka. OmnpenereHHble pas3iuyus B 3HAYCHUSAX
E,p3amerHel Tonbko mpu nepexonae oT 2-ro EKII k 3-my EKII. Takum o06pazoM, UMEHHO
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ObICTpast peakiusi cToka Boirm Ha M3MEHEHHsI BHEIIHUX CTOKO()OPMHUPYIOMHUX (AKTOPOB
00yCIIOBIMBAET MOYTH MTHOBEHHBIH MEPEX0]] C OJHOrO YPOBHS TATOTEHUS Ha IPYroH, T.e.
cmeny EKII. 3amerum, 4TOo BONpOC O MHOKECTBEHHOCTH COCTOSIHUM YpPOBHSI TSATOTEHHS
ypoBust Kacrust paccmarpuBaiics B padore (XyOmapsH, Haiinenos, 1991), XoTs ¥ ¢ HHBIX
MTO3ULUH.

Ead, kv /rop
400 1
350 1
300 ‘ \ /\[\ A A
- A
TSN RS LR ARSI
250—-
200 S
1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990

Puc. 3. MexronoBas n3MeHYMBOCTh 3(()EKTHBHOTO UcHapeHus ¢ akBaropuu Kacmuiickoro mops.
[IpssiMble JMHUM — cpeiHWE apuDMETHYECKHE OLUECHKH Y(PQPEKTHBHOTO HCTAPEHUsS Uil OTAEIbHBIX
EKII.

Kpome Ttoro, u3 camoir cyru mnonarus EKII BeiTekaeT rumore3a I0OKadbHOM
CTAIlMOHAPHOCTU COCTABJISIONIUX BOJTHOTO OajlaHca MOpPsI KaKk MUHUMYM B TpeJesiax OJHOTO
EKII. D10 cymecTBeHHO 00neryaeT 3agaqy mpeIBbIYUCICHHUS, B TOM YUCIIe aHAJTUTHYECKOTO,
ypoBHs Mops B nipenenax EKII.

B muddepenumnansHoM BHIE ypaBHEHHE BOJHOTO OanaHca MOps C JAOCTATOYHOW JUIs
MPaKTUYECKHX 1eJIeH TOUHOCTHIO MOKET OBITh 3alMCAHO KaK

dV/dt = Adh/dt = (a; + 2a,h)dh/dt, (1)

rae A — o0beM BOIHOW Macchl MOps, 8i # Az — IMIOUPHUYECKUE KOIPPUIIUEHTHI, C
BBICOKOM TOUYHOCTBIO CBSI3BIBAIOIINE JIMHEHHON 3aBUCIMOCTBIO 00BbEM MOpSI C €ro ypoBHEM .
[Tpu 3TOM BenuurHa h OTCUNTHIBAETCS BBEPX OT HEKOTOPOTO HAYaILHOTO YPOBHS h*, mpuyem
Hwke h* BogHas mMacca Mopsi cuuTaercs HemsMeHHOW. B kadectBe h* ymoOHO mpHHSTH
oTMeTKy -38 M BC, BbIlIe KOTOpOit MOp(hoMeTprUUIECKIEe XapaKTEPUCTUKN N3BECTHBI.

JlaHHOE ypaBHEHUE HETPYAHO PELIUTh AHAIUTHUYECKHM OTHOCUTEIBHO YPOBHS MpHU
HEKOTOPBIX JOMOJHHUTENBHBIX YCIOBUSAX, HakiaaasiBaembix Ha dV/dt [5,6]. Kak yxe
O0TMEYaNIoCh BhIle, HadanbHas ctaaus EKII xapakTepusyeTcst ObICTPBIME, TOYTH THUHEHHBIMU
W3MEHEHUSIMU YPOBHsI. DTOMY XOPOIIIO COOTBETCTBYET YCIOBHE

dv/dt = const = C, 2

T.c. TOCTOSIHCTBO HM3MCHEHHH o00beMa MOpsS TIOJ BO3ICHCTBUEM MEXKTOIOBBIX
KoJie0aHUi COCTaBIISIONIMX BOJHOTO OamaHca MOpSL.

[Toacrasmsist (2) B (1) 1 UHTETpUPYS €ro, HETPYAHO MOJYYUTh KBaJIpaTHOE YpaBHEHUE,
OTHCHIBAIOIIEE U3MEHEHHE YPOBHS BO BpEMEHHU
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a2h2 + ash—ajh; — azhj_z - Ct=0, (3)

rae hy — HavanbHBIA YPOBEHB, COOTBETCTBYIOMIMIA mepBoii craguu EKII. OTmerum, uro
TOJIBKO TMOJIOKUTEIBHBIM KOPEHb JAaHHOTO YPAaBHEHUSI OTBEYACT PEIICHMIO 3a1aun. [Ipu sTom,
ecin C>0, To ypoBeHb mnoBelmaercs, eciiu C<0, To ypoBeHb, HA000POT, MOHMKaeTcs. Ecnu
npusaTh 1715 2 EKIT C=-66 KkM/ron (1930-1940 rr.), a niia 3 EKIT C=45 xkM/ron (1978-1992
IT.), T0 (hopmyina (3) JOBOJBHO TOYHO OMKCHIBAECT XOJ YPOBHS B yKa3aHHBIC MPOMEXKYTKH
BPEMEHH.

EcrecTBeHHO, 4TO B pe3yJbTaTe Pe3KOro HapacTaHUs JIEHCTBHS MOP(HOMETPHUYECKOTO
¢dakropa BenmuuuHa dV/At Oymer ObICTPO yMEHbBIIATHCS, MPUYEM CTAOMIM3AIMS YPOBHS K
kouiy EKII Bo3moskHa Tonbko mpu 3HadeHusx dV/dt crpemsimuxcs k 0. OueBUAHO, STHM
YCJIOBHUSIM JIOCTaTOYHO XOPOILO JIOJKHA COOTBETCTBOBATH AKCIIOHEHIIMAJIbHASI 3aBUCUMOCTH
BHJA

dV/dt = Cexp(-t/a), (4)

r7ie o - MapaMeTp MHEPIHMOHHOCTH, MOKAa3bIBAIOIINM CKOPOCTh 3aTyXaHUs KoJieOaHUM
u3MeHeHui 00beMa Mopst Bo Bpemenwu. IIpu t=0 dV/dt=C, T.e. HayanbHBIH MOMEHT BPEMCHH
COOTBETCTBYET OKOHUAHUIO pacyeTa 1o ¢popmyie (3).

Wuterpupys ypaBHenue (1) mocie moAacTaHoBKH B Hero (4), mojiyuaeM KBaJpaTHOE
TPaHCIEHJAEHTHOE YPABHECHUE

ah? + ash - aC(1- exp(-t/@)) — ha(hoas + a1) = 0, ()

rae h, — ypoBeHb, COOTBETCTBYIOIIMIT Havany Bropoii craauu EKIL. JlanHoe ypaBHeHHE
HUMEET €IMHCTBEHHOE I0JIOKUTEIbHOE PELICHUE

a | & 2+ocC(l—exp(—t/oc))+h2(h2a2+al).
2a, 2a, a,

h=-

(6)

W3 ananuza naHHOM (OpMyIibl CIeyeT, 4YTO OHA UMEET aCUMITOTHUECKUI BT, TpUYEM
NpUOIMHKEHNE K IMHUM aCUMIITOTBI TPOUCXOUT IOCTATOYHO OBICTPO YK€ MPHU CPAaBHUTEIBHO
HeOobIIMX 3HaueHMsIX t. JIMHuA acuMnToThl (pu pocTe t) COOTBETCTBYET YPOBHIO TATOTEHHS
Mops Z=

Ca (&), dCrhy(ha,+a)
2a, 2a, a, ' (7

OTtcroga BHJIHO, YTO YpPOBEHb TSTOTEHHSI MOXKET OBITh NPEABBIUMCIEH TOJIBKO IO
«BHYTPEHHMM» IapaMeTpaM BOJOEMa, NPUYEM BCE OHM H3BECTHBI YK€ IOCJIE€ OKOHYaHMS
nepoii craauu EKIL. Otum dopmyna (7) nmpUHIMNUAIBHO OTIMYAETCS OT TPaJULIMOHHON
(bopMyIIBI TSl OLIEHKH YPOBHSI TATOTEHHS C YI€TOM «BHELTHHX» MTapaMeTpoB

Z» = (Q — a1E,p)/(a2E,), (8)

rae Q - cyMMapHBIi NPUTOK PEYHBIX M HOA3EMHBIX BOJ K MOpPIO, E,p- cIOH (M)
3¢ (HEeKTHBHOTO MCITAPEHUS ¢ aKkBAaTOPUH Mops. OTCI0/1a CIeAYET, UTO JUIS BEIYUCICHUS Z+ TI0
3TOM (popMyIie HyKHO UMeTh oleHKH Q u E,¢ B 1enom 3a Bech EKII.

Omnyckasi TeXHUYECKUE JIETAIM OIPEICIICHUs TTapamMeTpa O KaKk HEKOTOpoW (hYHKIIMH
MOpP(HOMETPUYECKHX XapaKTEPUCTUK, YPOBHS TATOTCHHS W KOMIIOHEHT BOJHOTO OaiaHca,
cpa3y e MpuBeIeM ero HauOonee BeposTHOoe 3HaueHue: o=8,0. MojenbHble pacdeThl
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NOKa3ald, 4TO JaKe NMpH OONBIIMX HM3MEHEHWsSX mapamerpa uHepiuoHHoctd (0=8,0+4,0)
YPOBEHB TATOTEHUS MEHsIeTCs puMepHO Ha 20 cM.

Teneprs HETPYAHO paccuuTaTh 3aBUCUMOCTH h oT t. Mcronb3ys B kauecTBe HAYaIbHOTO
ypoBust miast 2 EKIT h,=10,21 m (1940 r.), a s 3 EKII h=11,36 M (1995 r.), BbIIOIHUM
pacdeT MeXrooBoro xonaa ypoas 10 2020 roxa (puc. 4).

h, cm
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Puc. 4. ConoctaBnenue paxtrmaeckux (1) ¥ BIYHCICHHBIX (2) MEKXTOIOBBIX H3MEHEHUH YPOBHS MOPS

IIpesxne Bcero OTMETHMM, YTO BbIYMCIEHHBIE 3HaueHus ypoBHs Kacnmiickoro mops
XOpOILIO OTpaXkaroT €ro JoyroppeMeHHble (poHoBeie) n3meHenus B npenenax EKII: O6sicTpoe
naseHue (poct) B TeueHue | cragum u mpouecc crabunuzanuu Bo Bpems Il cragum. Ho,
MOCKOJIbKY C(OPMYIMpPOBAaHHAs BBIIIE MOJENIb HE YUYUTHIBAET B SIBHOM BUJE KOHKPETHbHIE
KoJIeOaHUsl COCTaBISAIOUIMX BOJHOIrO OajlaHca TojA OT To/a, TO E€CTECTBEHHBIM SIBISETCA
pPacxoXk/IE€HUE MEXKIy BBIUMCICHHBIMU M (DaKTUYECKUMHU 3HAUYEHUSIMH YPOBHS, OCOOEHHO
3ameTHoe Bo Bpems |l craauu 2 EKII, korna crangapTHas ommoka MOJIenu JOCTUraeT 35 ¢M B
TOJI.

Kpome TOro, mpuHIMNHMANbHO BaXKHBIM SIBJISETCSI MPOTHOCTUYECKUH A(PQPEKT aaHHOU
monenu. JleWctBurenbHo, 1o (opmysne (7) HETPYIHO BBIUHCIUTH YPOBEHb TATOTEHUS C
6ob1I0N 3a07arOBpEMEHHOCTBIO, a Takke (POHOBBIE M3MeHeHHs ypoBHs B mpeaenax EKII
OpnnHako omnpesieneHNe ypOBHS TATOTEHUS B 3HAUMTEIBHOW CTENEHU 3aBUCUT OT TOYHOCTH
ouneHku Havana 2-i1 craguu EKII. Tak, pacuers! nnsg 2 EKII nmokasanu, 4To eciu NpUHATH
nepexof ot nepBoit cragun EKII ko Bropoit B 1940 r., TOo ypoBens tarorenus Z-=9,06. Eciaun
K€ 3a TaKOM Iepexoi MpUHATh, HanpuMmep, 1938 r., To BennunHa Z« okaxercs yxe Ha 0,5 M
BBIIIIE.

[ns pacuera ypoBHs Tarorenus s 3 EKIIL, mpumem, 4To mepexox K €ro BTOPOH
craguu npowmsomen B 1995 r., xoraa hy=11,36 M. B atom ciaydae mo ¢popmyne (7) noxydnm
Z»=-25,66 m. IIpu aTom yxe k 2020 roxy ypoBEeHb MOPSI MOKET JOCTHTHYTh OTMETKH -25,64
M T.€. aCUMITOTHYECKHU MPUOTUIUTHCS K Zx.

Cnenyer uMeTb B BHUAY, 4YTO 3TH pPE3yJbTaThl IOJYYE€Hbl B IHPEINOJIOKEHUU O
YaCTUYHOM OTCYTCTBHHM OTTOKa MOPCKHX BoJ B 3anuB Kapa-borasz-I'on (KBI'), xapaktepHoM
st epBoid cranuu EKII. [locne paspymenus gamObl B 1992 1. B Teuenue 1993-1996 rr.
HaOJII0AaMMCh OYeHb 3HAYUTENbHBIE pacxonbl Boabl B mpoiuB KBI, xoropeie k 1995 r.
nocturiaa 1800 M/c. Onnako 3areM OBUTO JOCTHTHYTO JTWHAMHYECKOE PaBHOBECHE YPOBHEU
3aJluBa U MOPsI U pacxobl MOPCKHUX BOJ B IOCIEAYIOIIME OBl 3aMETHO CHM3WINCH. llpn
OTMETKax ypoBHS Bbilie -28 M BenuuyuHa ctoka B KBI' CTaHOBHTCS MOYTHM MOCTOAHHOM U
MOJKET OBITh MpHUHSATA MpUMEpHO 16-18 KM>/TOx (®posnos, 2003). Bausinue oTTOKAa BOABI B
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3amuB OyJIeT CKa3bIBaThCS W HA YPOBHE TATOTCHHSI MOpPS, KOTOPBIA B OTOM Cily4ae
onpenensercs mo Gopmyne (Pposos, 1998)

Z* = (Q - alEsd)) /(aZEar]) +ﬂ)’ (9)

rae A - Ko3QPUIMEHT, XapaKTepU3YIOIIHI N3MEHEHUE TO0BOI0 OTTOKa MOPCKOM BOJIbI
B 3aJIUB IIPU U3MEHEHUU YPOBHS Ha 1 M.

Ecnu nonyctuts, yro namba B 1992 r. He Obl1a Obl pa3pyiieHa, To onenka hy=11,36 m B
1995 1. Morna 661 cocTaBUTh MpuMepHO Ha 30 cM BhIIE. B 3TOM ciiyyae ypoBeHb TATOTCHHS
Z~ nomkeH ObUT JOCTUTHYTH OTMETKHM oOKoio -25,3 M. HaoGopor, mpu ycnoBum
JTUHAMHAYECKOTO0 PaBHOBECHS ypOBHEH 3anuBa U Mops ¢ 1992 r. ypoBenb B 1995 r. Obu1 OBI
npumepHo Ha 20 cm Hmke h,=11,36 m. Torna ¢ yuerom Gopmyisl (9) ypoBeHb TATOTEHHUS
MOXET MPUOJM3UTHCA K OTMETKaM -26,6; -26,8 M. CrnenoBarensHo, cTok B KBI' oka3bkiBaer
3HAYUTEIIFHOE BIIMSHHEC Ha (OPMUPOBAHHE YPOBHS TATOTEHUS MOPS W TEM CaMbIM Ha
¢donoBbie konebanus YKM.

3akioueHue

Haunbonee BeposiTHOE 3HaYCHHE YPOBHSI TATOTEHHSI MOXKHO TPUHSATH paBHBIM 26,610,2
M. 3ameTuM, uto nocae 1998 r. ypoBeHbs Mops kojebancs BOmu3u oTMeTku —27 M. OueBUIHO,
YTO YpPOBEHb TEpelies] B CTaAUI0 CcTaOWiIu3alMd W B TEYEHHE, 1O MEHBbIIEH Mepe,
Onuxkaiiiiero necaTwiieTuss OyIeT UCHBITHIBAThH CllydyallHble KOJEOaHHsI YyTh HIDKE YPOBHSA
TATOTEHUS C OTHOCHTEIHLHO HEOOBIIION aMILTUTY 0.

Paboma svinonnena 6 pamrxax @edepanbHou yenesol npoecpammol
«Hayunvle u HayyHo-nedazozuyeckue kaopvl unHogayuounou Poccuuy na 2009-2013 20061
(xonmpaxm Ne 14.740.11.0201) no nanpaenenuio « Okeanonocusy.
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Abstract

In the recent years, the coast line of the Caspian sea in the province of Guilan especially in the
mouth of big rivers such as Sefidrud has changed increasingly due to the environmental continental
and marine factors. The change of the coastline has made some damages. The changes of water
flowing from the land, the differences in the land sediment levels and the situation of erosion in the
coast line's sediments such as continental factor and the changes of sea level and the patterns of
current and Caspian sea waves are the some changes that occurs in Caspian sea's coastlines. We study
the causes of these factors in different regions of Guilan's coastline. On the other hand, using of aerial
images of the 2 periods of years in 1967 and 1994 with the scale of 1/20000 and using the software
such as llwis, Photoshop and the sediment levels could be estimated. Some geographic maps and
topography with the scales of 1/20000, 1/50000, and space measurement used in order to complete the
information in this research. The sedimentary units that we studied their changes are units that in
geography introduced it as the quaternary unit. These units in the sedimentary environment are Qt;,
Qt, and QM. That is related to land environment and Qts, Qsp units is belonged to land and Qt;, Qt,,
Qt; is related to rivers environment and finally the Q,be, Q,b, Qbm units are related to middle and
under coast line figure. The Guilan's coastline progress under the sea erosion in Astaneh —Ashrafiye is
nearly 84/08, In Talesh is 49/52, Anzali is 45/87, lasko-kelaye is 1430/69 and in Roudsar is 678/5 ha.
Retrograde under the coastline's sediment in the coastline areas of Guilan province are included: in
Astaneh Ashrafiye 276/99, Talesh 48/31, Anzali has not retrograde, laskokelaye 2/04 and Roudsar
5/46 ha.

Introduction

The length of the Caspian sea in Guilan province, from Astara border to the last border
of this province, is about 320 Km and it’s width at the broadest point is 50 Km and in
the narrowest point is 100 ms. The important rivers which enter the Caspian sea thought
the southern basin include: Sepidroud , which origin in located far from Caspian sea
banks. There are other small river which numbers in the south of Caspian in Guilan province
IS more than 74 basins. Guilan province has a moderate humid weather in all the plain parts
and coastal law parts from rouser to Astara beach. The power of wind with 8/8 wind age
scale shows the most speed while in the hot semester of the year, in April with average
of 4/3 wind age scale has the least speed. The rate of rain across Guilan Coasts is
varied from 980 mm to 1900 mm. From the beginning of systematic observations of
Caspian sea level of water (in 1830), 4 periodical characteristics were identified: a relatively
consistent period during 1830-1929 (25/5 ms), a rapid decrease of 1/7 ms during 1930- 1941
and then in 1942- 1977 there was a rapid decrease. At the end of this period the level
if Caspian sea was at the lowest point in last 160 years, that is - 29 ms. the total
decrease in level between 1900-1977 was 3ms. From 1978 the level of Caspian sea
increased and now it has a relatively increase of 2/55ms .The trans formation in the level
of Caspian sea is possible to be the result of a factor or a mixture of different factors: The
change of climate, technical activities and human activities. The effect of each factor as
an effective one in total change of sea level isn’t the same as the other. From the topology
structure point of view, coastal area of Guilan between two coastal parts of Astara — poonel,
and from poonel to the border of Mazandaran province is considerable. In the western area
of Guilan, the present time’s coastal terraces have formed a band with width of 2-8 Km
which formation is related to intense movements of topology of Astara. Fault the depositions
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of coastal area is often consisted of settles and alluvium bounders which are separated
from elevations. The coastal profile deposits are relatively in variation from rubble —
stones to sand.

Height (m 221}

—28_]

-27_|

—-28 _|

Time
T T T T
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Fig. 1. The variations of the Caspian sea level

The views of land morphology of coasts of northern Iran are formed affected by
different phenomena of topology of hydrodynamic and climate . Most of these views
like delta of Sepidroud river’s Sandy bank. The plains and coastal torrential fields are
in group of views resulted from deposition and the transfer of deposits from land, the
marine deposition, the waves and marine flows are important in their formation
Because of the sea deepness in southern coasts ¢ decrease and increase of sea level in
different times has had no considerable effect on it and has had less in vision. The
coastal edge in Guilan is consisted of accumulated deposits by rivers and dunes. In
most areas the dunes cause the break between sea and ponds. In the areas in which
rivers enter the sea, the coastline is clotted and often a swamp is created in their
mouth.

Methods

The Caspian sea is the biggest lake in the world and is located in the north of Iran and
the South of Russia and it is in between northern latitude in 33 minute and 36° (the southwest
area) until 47° and 7 minute (the northeast area ) and east distance 46° and 43 western until
54° and 50 eastern. Guilan province has temperate and humid weather. In addition, it is
included all plains and low coastline. In doing, this project used some library study and
viewing the previous works and the space measurement and GIS. Some information achieve
from the aerial images 1/20000 of year 1346 and 1/2000 of year 1994 and Topography maps
1/50000 and the maps of the Geography and satellite's images and meteorological statistic and
wave statistic, some scientific reports and related articles and some books about the different
coast line of common wealth countries around the Caspian sea. The isolation of images
between the periods of 1967-1994 was in form of aerial scan as a Gray Scale and with 200,
250 DPI. The images of scan were not margin and the images had the numbers to doing this
stage, and providing photo Mosaic Orthophoto. They used the graphic software such as
Photoshop. To unify the color of aerial images, they used the light and shade. They used the
skewed tools in order to unify the map. Based on Topography maps, the connecting of images
provided in sector of 15'. The result of this function was in distance of 15" and in the coastline
area. After that, the limit of image in order to drawing and other function was sent to Illwis
environment. The GIS studies of Caspian Sea's coastline provided a classic study, Input,
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process, and output of information and maps. The aims of this work was determining position
of erosion and sediment in coastline and the natural factors in 2 period of photography, and
determine the location of sediment and erosion.

Results

The water proceeding in Guilan coasts has basic role in geomorphology
transformations and deposit coastal units and transformation in their position. The
erosion and deposition phenomena are concentrated mainly on specific areas, across
Caspian coast, in erosion and deposition and coast lands which have transformed under
influence of these processes, the division is done with geomorphologic point of view
and same maps are provided.

Geomorphologic forms resulted from deposition in the region to different
sedimentary environments, and on the basis of the kind and the constructive power,
deposits are created in different environments of these forms. The ponds and coastal
swamps.

Lagoons and swamps are morphological views which are observable in different
parts of Guilan coast. The sea water proceeding and the entrance of rivers from
upstream have caused the creation of these region has lead to trapping of deposits
among them and the continuation of this matter has caused the expansion of lagoon
coastlines in a wide range of Caspian sea coasts.

Anzali gulf

The most famous gulf that can be said is Anzali gulf which is located in the
southwestern and 40 km far from north of rash and is separated from the sea by
means of a narrow sandy band in which sea forms one mouth and the connection
way with sea the other mouth of it.

Dune, sandy bank, sand plain spilts

One of the important bars and the coastal area geomorphologic views under
study are dunes which are found in coastal regions. These dunes are under erosion
and movement by means of waves and the swelling of wind in the region. The dunes
in the region are most often in the form of transversal dunes.

Delta

In Guilan coasts the great and famous delta of Sepidroud is the most famed
delta in Caspian sea. Of course in gorgan round and other parts of Guilan it can be
seen. The erosion deposits and coastal shores under deposition and the varieties without
transformation in Sepidroud delta which is imminence to Caspian sea in kiasar region
is clearly distinguishable.

Marine terraces

Marine terrace is another land morphological views of eastern coasts of Caspian
sea which formation is related to the change of seawater's level in a long-term period.
The reason for these vacillations, is the change in climate conditions and the
geological activities of Caspian sea bed. Generally in the area, 3 alluvium terraces in
different levels of elevation are observable.

Flood plains and muddy areas

One form resulted from deposition in coastal plains which belongs to the river
circumstances is flood and muddy plain.

Alluvial fan

At the foot of coastal terrace areas under study, where the elevations with steep
gradient are limited to plains, the Conical shape deposit accumulations are created .
These shapes can be seen in Talesh, Khotbe sara river. The general length of coast is
relatively parallel with Astara fault and is northern — southern. The sandy bands among
relatively great rivers are formed in the shape of parallel and curved bands.
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Estuaries or shallow holes

These holes behind sandy coasts are created as a result of water proceeding that
water has had proceed and withdrawal after it's flow in these estuaries and has
created a specific sight and view which some rivers are connected to them.

On the basis of space measurement and some pervious results, the causes of the changes
in the sedimentary units were from different process, such as coast line erosion (progressing),
sedimentary layers (under grading), making new sedimentary units and human activities in
making ports, roads, cities and creating some small ponds behind the sandy hills and also
some changes that occurs in coastline's morphology.

1- Talesh region (Hashtpar)

The west coast line of Caspian Sea in Talash region with leaving the sediments progress
toward the sea nearly in distance 31/48 ha.

This region by the leaving sediments from rivers has created a coastline in distance
15/75. In addition, some areas that have remained under river's sediment are in distance 3/52
ha. The patterns of progressing and sediment are in Talash.

2- Bandar Anzali region

Based on coming results, we can see on the all region, coastline profile that coastline's
sediments progress whit it. The space of it in the margin of Anzali coastline is 45/81 ha. Other
process is not in this region. Totally the sediment patterns and progress is dominated on the
leaving sediment.

3- Astaneh-Ashrafiye region

This region and Kiashahr coastline has the particular Morphology because of entering
the water of Safidrood River and transporting of sediment and some short and long time
changes in the movement line. This region has different from. The sediment space is 59/10 ha,
and in the coastline is about 276/99 ha. Under grading of water and coastline sediment is
about 48/08.

4- Lasko Kalaye region

This region is extended toward the Langroud and has sandy coastline. This coastline has
curvature. The coastline sediment space in this region is in distance 1430/69 ha. This progress
is the largest in the coastline region of Guilan province and leaving the sediment is few and is
about 2/04 ha. The pattern in this region has been the sedimentary part and water progressing.

5- Roodsar region

This region is the continuation of Langrood coastline and it is toward the Chaboksar. It
has the sandy coastline. The dominate pattern of this region is sediment pattern and water
progressing. Moreover, its space is 678/50 ha. It is second space due to changes in the
province. Leaving sediment is in the center of Roudsar that is around the west mouth of
Paleroud river, and its space is about 5/46 ha. The sediment of cannels and rivers is 51/69 ha
and the most rate of leaving sediment is about 84/68 ha. The coastline profile has extended
toward the sea.

Table 1: Sedimentary units changes in the Bandar Anzali region (1967-1994)

No Units Area(ha) (1967) Area(ha) (1994) Changes (ha)

1 Backshore 45 33/8 -11/20

2 Farms 49/8 27/1 -21/62

3 Qal; 43/3 52/9 +9/62

4 Qsp 418 - -418/9

5 Qt, 105/7 192 +86/2

6 Qt; 68/7 585/4 +516/6

7 Lagoon 7412 7857/1 +1783/3

8 Urban areas 48/7 173/7 +125
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Table 2: Sedimentary units changes in the Astane region (1967-1994)

No Units Area(ha) (1967) Area(ha) (1994) Changes (ha)
1 Backshore 207/9 65/1 -142/8

2 Farms 1017/9 181/4 -836/5

3 Qal, 353/3 47616 +123/3

4 Qal, 169/6 103/8 -65/8

5 Qals 1958/1 597/3 -1360

6 Qt, 2079/2 1786/3 -292/7

7 Qt 602/1 338/5 -263/5

8 Lagoon 624/9 235/4 -389/5

9 Urban areas 78/8 14/2 -64/6

Table 3: Sedimentary units changes in the Laskuklaye region (1967-1994)

No Units Area(ha) (1967) Area(ha) (1994) Changes (ha)

1 Backshore 325/94 106/4 -219/5

2 Farms 1963/5 145/6 -1817/9

3 Qal; 14/8 - -14/8

4 Qal, 60/3 35 -25/2

5 Qals 3122 1843/1 -1278/9

6 Qsp 134/4 1283/33 +1148/8

7 Qt, 7431/8 2646/32 -4785/4

8 Qt; 1563 366/5 -1196/4

9 Lagoon 600.01 402.58 -197/4

10 Urban areas 111/9 4713 -64/5

Table 4: Sedimentary units changes in the Rudsar region (1967-1994)
No Units Area(ha) (1967) Area(ha) (1994) Changes (ha)

1 Backshore 332 143/8 -189
2 Farms 1889/2 653/8 -1235/3
3 Qal; 176/5 173/7 =217
4 Qal, 247/9 366 -118/1
5 Qals 665/6 3675/4 +3009/8
6 Qsp 1559/9 920/1 -639/7
7 Qt, 56/5 12/1 -44/3
8 Qt, 8237 6556/4 -1681/6
9 Qt; 347/6 43/6 -303/9
10 Rock unit 718/9 76/5 -642/4
11 Lagoon 79/8 82/8 +2/9
12 Urban areas 87/8 12417 +36/8

Table 5: Sedimentary deposition changes in the Hashtrar-Talash region (1967-1994)

No Units Area(ha) (1967) Area(ha) (1994) Changes (ha)
1 Backshore 70/4 124/2 +53/7

2 Farms 381/7 1037/2 +655/6

3 Qal, - 275/4 +275/4

4 Qal, 83 424/8 341/8

5 Qals 791/1 1315/6 +524/4

6 Qsp 166/5 424/9 +258

7 Qt; 271/5 14417 -126/7

8 Qt, 899/6 7248/6 +6349/2

9 Qts 152/3 22712 +74/8
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The summary of conclusions in Guilan coastal area deposit morphology bars. In
this table the sum of changes are shown as (+) and (-) which (+) indicates to an
increase in extent of withdrawal and (-) indicates to decrease in water proceeding towards
coast numbers and dispersion of bars. The difference between occurred changes in
consequence of proceed and withdrawal and its effect on morphology form trans for
motions has been calculated.

Conclusion

In recent decade, the different natural and humanistic factors caused to increase
the Caspian Sea level of water and it’s changing. This increasing in the level of water
has begun from 1967 and the increasing in it has caused drowning of a wide area.
believes that increase and decrease in the Caspian Sea level of water consistently,
every 30 or 35 years, occurs simultaneously with hot weather’s alternation and drought
(Berg, 1960). Now the greenhouse effect is the effective key factor on vacillation of the
level of Caspian Sea in the wide field of it. According to the view of the
contribution of climate in sea level changes is about 85%. In addition to the
observation of changes periodically in Caspian Sea, the sudden changes can transform
the morphology of coasts too, and make many areas useless (Shiklomanov, 1981).

With the proceeding of water same problems can be observed, like drowning of many
residential and commercial areas in Anzali part and Astara, the gardens and farmlands from
Langroud to Roudsar,the creation of fetid water and transformation of lands in Chamkhale,
river-basins of Astara, Kiashahr and Lasko-Kalaye, the growth of reed and osier in the
lands under influence of water proceeding and drowning of many farm lands. Because
of the sand and gravel collection from river mouths the penetration of sea water and
it's proceeding has increased and has caused the change of coast's morphology and
changes in dispersion and kind of Guilan coast's plants (Ferren, Leidy, 2001). The
withdrawal of dunes behind the coasts has lead to unassailability of coasts and
proceeding of water and basic transformations in dispersion and has made the place of
wave break deep and long. The collection of sand and gravel form coastlines too, has
caused the change of sea level; and it's advance which has caused the erosion the
erosion of many areas in coast and has with drowned the coastline.

In Guilan coasts the high waves have a considerable role in coast morphology
(Bruun, 1962). The created waves, regarding the water proceeding in recent, decade
have lead to the transferee of river's deposits and the parts which have terrestrial and
drought source and are observed across Guilan coasts. In some coastal areas from west
to east, the deposits of rivers are transferred by waves to different points and
accumulated there, and this dispersion of deposits has a considerable role in changing
the level of water. Regarding transferring of deposits in river mouth and the place of
entrance to coast, these deposits accumulate. Most of these rivers from lands and the
place of exit of river, join the sea. The transfer of deposits move by marine flows
and waves, and accumulate in some parts of coast, then create a great area which is
considerable from morphology point of view.
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Abstract

Hydrodynamical model of the Caspian Sea, developed in Hydrometeorological Centre of
Russia, allows calculations fields of three-dimensional current velocities in the baroclinic sea with
prescribed at the sea level synoptic pressure fields. The data of NCEP reanalysis of pressure were used
on the sea surface with a step time of 6 hours and 2,5*2,5 degrees in space. Calculations of "marine
reanalysis” level and currents of the Caspian Sea have been made on a grid of 3*3 nautical miles.
Twelve climatic values of the Volga runoff and twelve nonuniform in space climatic fields of the
precipitation and evaporation differences have been used to simulate the seasonal changes of sea level
for 60 years from 1948 to 2007. Modeling of sea level during 47 years from 1948 to 1993 with
prescribed real monthly means values of the Volga runoff was made to simulate the interannual
changes of sea level.

Introduction

An important stage in the study of the Caspian Sea was the creation of the Atlas
climatic thermohaline fields of the Caspian Sea (Kosarev, Tuzhilkin, 1995). Following the
appearance of the data on the seasonal variability of temperature and salinity began to carry
out calculations of the current velocities with using these data (Tuzhilkin, Kosarev et al,
1997). The progress in computational technique leads to more complete description of the
physics of the phenomenon and increases the spatial resolution. Full three-dimensional model
and the method of hydrodynamic adaptation were applied to calculate seasonal variability of
the level and currents with using hydrological fields, which was the basis of the Atlas
(Ibrayev, Sarkisian, Truhchev, 2001). Model had a resolution in the space of about 22 km and
20 vertical horizons. Monthly average climatic wind stresses were taken because the period of
averaging has to correspond to the period averaging of hydrological data.

The appearance of the model with the calculation of temperature and salinity on the
prognostic equations is a new stage of modeling of seasonal variability, and observations use
only to set the initial conditions (Ibrayev, Kurdyumov, 2003). The flux of heat on the surface
of the sea should be determined for the calculation of advection-diffusion equations of
temperature. These fluxes are dependent on air temperature and sea surface temperature,
which results in the calculation of transport-diffusion equation in a model of thermodynamics
of the sea. The calculation was performed to establish, monthly mean atmospheric fields
corresponding to 1982 were set on the surface, because this year the mean sea level is not
changed and the river flow is balanced by evaporation from sea surface. Mean sea level, the
kinetic energy and the temperature reached a quasi-periodic regime after 3 years of model
calculations. This model has 9,3 km resolution in space and 22 vertical levels.

Formulation of the problem in (Kurdyumov, Oztsoy, 2004) similar to the work (Ibrayev,
Kurdyumov, 2003), but model allows to calculate the storm situation owing to the use of 6-
hourly wind fields. Model grid has horizontal resolution 4 km and 38 vertical levels.

The proposed model was initially used for the calculation of storm situations in the
Caspian sea, leading to strong surges (Zilberstein, Popov et al, 2001). For the first time a
numerical model scheme is shown in (Archipov, Popov, 1996). Model was used to calculate
monthly mean climatic fields of sea level and currents by the method of hydrodynamic
adaptation (Popov, 2004). Obtained by observations three-dimensional fields of temperature
and salinity have been used for the 12 climatic mean months.
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Hydrodynamical model allows modeling fields of three-dimensional current velocities
in the baroclinic sea with prescribed synoptic pressure fields at the sea surface. The data of
NCEP reanalysis of pressure were used on the sea surface with a step time of 6 hours and
"reanalysis sea" of level and currents has been calculated in the Caspian Sea for 57 years from
1948 to 2004. Seasonal variations of sea level were simulated (Popov et al, 2009) with using
climatic Volga runoff and nonuniform in space climatic fields of the difference between
precipitation and evaporation (Panin, 1987) for 12 months. The interannual changes in the
level of the Caspian Sea were simulated in the present paper with using the real monthly mean
runoff of the VVolga for 47 years from 1948 to 1993.

For the design of structures on the shelf are needed extreme characteristics, which are
determined on the base of currents and sea level. Hydrodynamic model of level and currents
in combination with a probabilistic model allows calculation extreme characteristics.
Developing effective methods of solving equations of the hydrodynamic model and the
introduction of a parallel algorithm to the process of calculations leads to a reduction in
computation time and hence to the possibility of carrying out calculations with high resolution
in space. Extreme hydrometeorological characteristics with high resolution in space are
detailed and better meet the needs of the construction of structures on the shelf. Currently, the
model using the parallel algorithm has a resolution in space 3*3 nautical miles, but the model
with a resolution in space 1*1 nautical miles will be constructed.

Three-dimensional hydrodynamic baroclinic model with free surface

Three-dimensional baroclinic hydrodynamic model with free surface (Zilberstein et al,
2001; Popov, 2004, 2009) is used for the calculation of sea level and currents. Three-dimensional
structure of currents in the basin can solve a number of environmental problems of coupled with
the simulation of various pollutants.

The system of equations
In Cartesian coordinates, and with the approximations of hydrostatics and f-plane, the
system of equations for free surface liquid motion has the following form:
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ou 0O 0 0 1 AU pAul @ o u

oo ﬁ—x(uu)+ﬁ—y(vu)+§—(wu) fu=- p§x+Nh(ﬁx2+ﬁyzj+5z( 52) @)
Z+0,X(uv)+0,y(vv)+(wv)+ fu——;j;+ Nh(jz)(\ng;zy\g}sz (Nzgzv ), (©)
P__

E_ PE (4)
o0 0 0

- g(uDJr@(vTHa(WT)—T(K 7) (5)
A 0 0 0 oS

= g(uS)+E(vs)+§(V\/S) —(K 5, ) (6)
p=1(T.S,p). 0

The origin of the coordinate system coincides with the undisturbed sea surface; the z-
axis is directed vertically upward, the y-axis is directed to the north, and the x-axis is directed
to the east. The following notations are used: f denotes the Coriolis parameter, p is for density,
p is atmospheric pressure, T — temperature, S — salinity, u, v, w refer to current speed
component along the axes X, y, z respectively, and g stands for gravitational acceleration.
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Atmospheric pressure can be obtained by vertical integration of the hydrostatic
equation:

<
p=[pgdz=p, + p, +£.9< (8)

where ¢ is the free surface deviation from its equilibrium state and defines the external
barotropic pressure component; P stands for the density in the surface layer;

0
ps = [ pgdz assigns internal baroclinic pressure component; p, is atmospheric pressure. Ny

z
and N; are horizontal and vertical turbulent viscosity coefficients; K, is a vertical turbulent
exchange coefficient.

Turbulent exchange coefficients

The vertical turbulent viscosity coefficient N, varying in vertical direction is specified.
An approach based on the solution of the k-& equations of turbulent Kinetic energy
transportation and dissipation was first suggested by Marchuk (Marchuk et al., 1978) and then
developed by Kochergin [Kochergin, 1987] and Pohlmann [Pohlmann, 1996]. A following
parameterization of vertical eddy viscosity coefficient N, was suggested

ou) (ev)® 1 gé

N, :(CML'hML )2 (_j +[_j +_g_pa )
0z 0z Sy p oz

where the coefficient cmi, h,, - the thickness of the mixed layer, m; Sy is the Shmidt number

determined by the Richardson number as it was suggested in [Mellor, Durbin, 1975]

-2/ (3]

S, =Ri/[0, 725 Ri +0,186—\/Ri2 —0,316Ri+0,0346)] (10)

Kochergin [Kochergin, 1987], who used the k-& -equation partial solution, determined the
coefficient ¢y, that is equal to 0,05 for the case of stable stratification. In formula (9) the
thicknesses of the upper and bottom mixed layers h,, depend on the critical Richardson

number Ri taken equal to 0,22 [Pohlmann, 1996]. In the mixed layer the Richardson number
Ri is less than the critical one. Thus, the turbulent mixing rate depends on sea currents, its
vertical shears and the stratification. In the case of stable stratification, the vertical eddy
viscosity coefficient decreases. To obtain the coefficients in the temperature and salinity
transport (5) and (6) a linear relation between the vertical eddy viscosity and diffusion
coefficients are used

K, = iNZ :

SM

Boundary conditions

At the surface tangential wind stress is calculated by the special procedure. Kinematics
condition is set for the vertical velocity, temperature and salinity are specified at the sea
surface from observations.

al N a & X

Nzngsx,Nzgz’l’sy,gﬁ'u%‘}‘VE:W,T=TS,S:SS (11)

Ice cover is taken into account through tangential wind stress reduction depending on
the ice concentration. For current velocities the ice friction are specified by the quadratic low

similar to the condition on the bottom (see below), but with the coefficienta =5,5- 1073,
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At the bottom the friction force was specified, which was assumed to be quadratic. In
addition to that, a kinematics condition was set describing the flow over the bottom relief, and
the absence of temperature and salinity fluxes was prescribed:

u_ OV M H S T
ox 8y Pz | Oz
(Tsx sy )Z(CdUaX‘Ua‘,CdUay‘Ua‘), U, — wind speed vector, C, =32-107°

0, (12)

(Tbx  Thy ):(aub‘Ub‘,avb‘Ub‘), Uy, — bottom current vector, o =25-107°.

Approximation

Velocities u,v,w are set at the edges of boxes, while the density and level are at the
central points of grid boxes, which means that the grid ‘C’ is used.

Semi-implicit staggered scheme is used to approximate equations over time. Current
velocity components are set at even time steps, while the density and level surface are at odd
time steps. Vertical turbulent viscosity and diffusion are described implicitly thus avoiding
the limitation of the time step inherent in explicit schemes:

At < Az? /2N, (13)

The most severe limitation of the time step results from the explicit approximation of
external gravity waves:

At < AXI(2gH) 2 . (14)

When approximating the Coriolis force on the grid "C" is used semi-implicit
representation. In this case, two velocity components are taken with the implicit time step, but
two - with the obvious.

v = (Vi VT AV e V) 4. (15)
A
Ui = U™+ U™ + v i +V i) /4 (16)

Algorithm of flooding of coastal areas

Flood and drainage the coastal areas may appear during simulating storm surge. To
account for these effects, the model grid contains additional grid cells that are considered "dry" at
the beginning of the calculation and can be flooded during the surge. Thus, in this case assumed
that not only the bathymetry of the area corresponding to the undisturbed position of sea level is
used, but also the topography of coastal land areas of possible flooding. Allowance of flooding
was implemented with the help of special technology, developed by the procedure set out in the
paper (Flather, Heaps, 1975).

Point U; j+1/2, which is calculated u-component velocity vector (u-node), shifted to the left
half of the spatial step regarding £-node, where are given the values of sea level i1z, j+1/2 and the
depth His12, j+172 . Point Vs is shifted to the down half of the spatial step relative -node. The
solution of difference equations of momentum balance and continuity is carried out after
checking at each point of the calculated area of the following conditions:

Point level Cii12j+112 is considered a "dry" if the full depth is equal to O, i.e. (C+H)is1zj+12
=0;

Point Ui .1 is considered to be "dry" and the total flux in the layer is set equal to zero if at
least one of three conditions:

1) layer thickness at this point is less certain "postulated™ values ¢, usually taken equal to
10 cm, ie. (C+H)ij1e <e, where Hijp = (Hiwzjqe + Hisejr)2, Gijan=(Giwjar +
Cistzjr1r2)l2;

2) to the right of the Uij.12 is the "dry” point level iiapj41r and the difference in levels in
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points on the left and right of the U;j.1,2 less than €, which means (C+H)iv2j+12 = 0 and Civjsan-
Ciapjr1<e.

3) to the left of the Uijyp is the "dry” point level iapj+12 and the difference in levels in
points on the right and left of the Uij+1» less than €, which means (C+H)i.v2j+12=0 and Cis1pj+12-Gi-
12,j+12<€E.

Algorithm to drainage and flooding is constructed similarly for v-component velocity
vector. It is important to note that the algorithm takes into account not only the full depth at, but
the difference in sea levels in the surrounding points.

The model parameters

The model of the Caspian Sea has horizontal resolution 3 * 3 nautical miles and contains
126 * 216 points. Vertical grid step is not constant and model contains 14 computational
horizons. Time step is 40 seconds.

Input data

The data of NCEP reanalysis of pressure were used on the sea surface with a step time
of 6 hours and 2,5*2,5 degrees in space. Reanalysis data of the wind are not used, because
reanalysis velocity of wind is much smaller than the actually observed at the stations. The
surface wind is calculated by specially developed method using the fields of atmospheric
pressure. Wind speed is determined taking into account the curvature of isobar and non-
geostrophic component. The rotation and reduce the wind speed due to friction in the surface
layer is made using an empirical relation of the parameters of atmospheric stability and the
magnitude pressure tendency.

In the modeling takes into account the climatic fields of temperature and salinity for 12
months, obtained by adaptation procedure on 30 standard horizons, which are interpolated into
14 horizons of the model. From month to month field temperature and salinity changes
instantaneously and remain constant during the month. There are disturbances velocity currents
and sea level due to the instantaneous change in temperature and salinity fields from month to
month. However, the velocity of currents caused by the distribution of temperature and salinity is
small compared with speeds of wind currents in the upper layer of the sea. In this study, climatic
thermohaline circulation is considered as a background for modeling circulation caused by wind
and pressure fields.

During the winter months was set daily ice fields on the grid model.

The fields of the difference between climatic precipitation and evaporation (apparent
evaporation) for 12 months were prescribed on the sea surface.

The climatic VVolga runoff for 12 months was used for the calculation of seasonal changes
in the level of the Caspian Sea. During the year, for each month the Volga runoff are not
balanced by the visible evaporation and there is seasonal variation in sea level. Apparent climatic
evaporation and runoff of the Volga are balanced in the amount for the year so that the total
change for year of the mean level of the Caspian Sea is zero. With prescribed climatic Volga
runoff was calculated by the model 61 years of "marine reanalysis™ from 1948 to 2008. At the
beginning of each year, the mean sea level was equal to -27.1 m BS.

Modeling of sea level during 47 years from 1948 to 1993 with prescribed real monthly
means values of the VVolga runoff was made to simulate the interannual changes of sea level.
The calculation for such period of time with a time step of 40 seconds demands large computing
resources. Application of the parallel algorithm allows to significantly reduction the computation
time on modern multiprocessor computer systems.

Seasonal changes of the Caspian Sea mean level

The mean level of the Caspian Sea is determined by the balance between river flow and
visible evaporation from the sea surface and does not depend on wind-induced surge level
fluctuations, which do not change the mean level of the sea.

At first we consider the calculations with the climatic VVolga runoff. Since we are given the

229



climatic values of VVolga runoff and evaporation, which do not vary from year to year, changes of
mean sea level is the same (has the same seasonal variation) each year from 1948 to 2008. Total
change in mean sea level for the year is zero. The average annual climatic runoff of the VVolga is
balanced by visible evaporation on the sea surface in the amount for the year, so the annual mean
sea level remains constant (Fig. 1a). The visible evaporation fields are needed to be averaging
over the area of the sea for the balance calculation. The area of the sea is taken to be at the mean
sea level - 27,1 m BS. The influence of ebbs and surges on the area of the sea is not considered in
the balance calculation.

Level at each point on the surface of the Caspian Sea, obtained for one year different from
the level for another year due to differences in wind fields. The surface area of the sea is changed
due to significant flooding and draining of coastal regions. In the model at each time step the
visible evaporation is calculated as averaging over real surface area of the Caspian Sea taking
into account the flooding and draining a considerable area of the Northern Caspian. Fig. 1b
compares the mean sea level, obtained by averaging over the area of sea monthly-mean fields of
level for 1948-1993 years and the mean sea level on the balance calculations.
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The seasonal mean sea level obtained for the balance and the monthly mean fields of the
model level are identical. Some deviations are associated with the calculation of visible
evaporation, which in the model is calculated as the average on area of the Caspian Sea taking
into account the surges and ebbs. The area of sea in the model varies with time and differs
slightly from the area of sea in the balance calculations.

Modeling seasonal variation of mean sea level agrees well with the mean sea level, which
Is received as the average level from observations at four stations: Makhachkala, Baku, Fort-
Shevchenko, Kuuly-Mayak. This coincidence suggests that the hydrodynamic model with a
given climate fields of visible evaporation and runoff of the Volga River reproduces well the
seasonal variation of climatic mean sea level of the Caspian Sea. Figure 1b shows the monthly
mean deviations of level from the annual mean sea level. The annual mean sea level varies from
year to year by observations, and remains constant in calculations with climatic evaporation and
Volga runoff.

Seasonal level changes at the stations of the Caspian Sea

The sea level at each point on the surface of the Caspian Sea depends on the wind and
distribution of temperature and salinity. Hourly values of sea level, obtained by the model at
each point of the sea surface are averaged during one month to obtain monthly mean sea level.
According to the monthly mean level is determined annual mean sea level. Monthly climatic
fields of temperature and salinity affect the distribution level in the Caspian Sea and contribute to
the monthly mean level at each point of the Caspian Sea. This distribution of level, caused by
distribution of temperature and salinity fields, does not change from year to year because
climatic temperature and salinity fields are used. The wind caused the main changes in level in
the North Caspian. Wind effects manifested in the monthly mean fields of level which are
obtained by averaging hourly fields. Level at each point of the Caspian Sea, obtained for one
year different from the level for another year just because of differences in wind fields and
pressure.Fig. 2a shows the seasonal variation of monthly level at the station 0. Tuleny as the
deviation from the annual sea level which is obtained by the model and by observations during
the 1959-1970 years. This time period was chosen because the mean sea level of the Caspian Sea
was in the relatively stable condition. For comparison calculations and observations from the
monthly level subtracted annual sea level, so if you average during the year all monthly levels,
you get zero. There are significant influence wind-induced fluctuations on the seasonal changes
of the level at this station, which lead to a significant difference between seasonal changes of
level at station and the mean sea level of the Caspian Sea, which does not change from year to
year by the model with climatic Volga runoff. The model well reproduced the changes of
monthly sea level at station Tuleny in 1959, which amounted to 71 cm by observations and 70
cm by model.

Fig. 2b shows the seasonal variations of sea level in Baku which are obtained by the model
and by observations. It is seen that the seasonal changes of sea level at this station are less
influenced by the wind-induced changes. Maximum of monthly level reaches in June and July and
minimum in December-January, the magnitude of changes was 40 cm during this period by the
model and 46 cm by observations.

The seasonal changes in mean sea level were reproduced by the model with climatic visible
evaporation and runoff of the Volga for the period 1948-1993 years. The model reproduces well
seasonal variation of sea level for each year at some stations, particularly at stations in the Northern
Caspian, where the great influence of wind (Fig. 2a, c). At the station Baku (Fig. 2b, d) seasonal
changes in sea level by the model of the average for the period 1948-1993 years coincide with the
observations, but the maximum and minimum value of monthly sea levels in the model is smaller
than the observations.
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This difference is due to the fact that the model can not, for a given climate variability in the
Volga runoff reproduce seasonal variations in mean sea level from year to year. The seasonal
variation of sea level by the model does not change from year to year, but by the observations varies
(Fig. 3). This figure also shows clearly that the level of the model averaged over the entire area of
Caspian Sea does not coincide with the level, calculated as the average of four points. To calculate
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the mean sea level of the Caspian Sea from observations use an average of four stations. But even if
the model to calculate the mean sea level using only four stations, which leads to increased
interannual variability, it is still interannual variability of the seasonal variations in mean sea level is
small and not consistent with observations.
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Fig. 3. Seasonal variation of the mean sea level by the model and observations for 1959-1971

Interannual changes of the sea level

For the calculation of the interannual variability of the mean sea level of the Caspian Sea
were carried out calculations of a given actual monthly runoff of the VVolga River and climate
visible evaporation at the sea surface. Real monthly runoff of the Volga every year has its own
seasonal characteristics and the average annual runoff is not balanced by the visible evaporation,
as a result the mean sea level of the Caspian Sea has interannual changes (Fig. 4a).

The model calculates continuously throughout the two time periods, starting with the
actual level of the Caspian Sea from 1948 to 1968 and from 1969 to 1994. Figure 4b shows the
interannual and seasonal variations in the mean sea level of the Caspian Sea by the model and
observations. The model with the real VVolga runoff can reproduce the seasonal and interannual
changes in the mean sea level close to observations. Discrepancies with observations related to
the fact that the climatic visible evaporation at the sea surface is used by the model. If the
climatic visible evaporation changes real, then the calculations by the model will better match the
observations.

Fundamental changes, which is caused by the real Volga runoff compared with climatic
runoff consist in the fact that apart from interannual changes in annual mean sea level occur
interannual variations of the seasonal changes of the mean sea level. Monthly mean sea level
changes from year to year and the model with real Volga runoff can reproduce inter-annual
changes in seasonal variation of mean sea level. The model reproduces the interannual variability
in seasonal variation of mean sea level close to the observations (Fig. 5).
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The model reproduces the interannual variability of the seasonal changes of mean sea
level, thus improving the agreement between calculations and observations at individual stations
of the Caspian Sea. Fig. 6a, b shows the seasonal variation of monthly sea level at stations
Tuleny and Baku. At the station Tuleny, seasonal changes of monthly level (compared with Fig.
2¢) has changed little since the main variability of level is induced by the wind. In Baku, the
maximum and minimum monthly sea level is closer to the observations, since variability of level
is connected to the changes of mean sea level.

Monthly mean fields of the sea level

As a result, model calculations were obtained hourly fields of level of the Caspian Sea
during the years 1948-2008 with spatial grid step 3*3 miles using climatic runoff of the Volga
River and climatic visible evaporation. Monthly mean fields of level are used to calculate the
seasonal variation of sea level and were obtained using hourly fields. Simulations allow us to
obtain for each month of each year field of sea level, which is different from one another because
of the real wind on the sea surface, causing surges. The average monthly mean fields of level for
each of the 12 months of the year are obtained by averaging over all years of calculation and
represented in Fig.7a-d. The average annual mean field was obtained by averaging monthly
mean fields and represented in Fig.7e.

Mean sea level is defined as the average over the entire area of the Caspian Sea. Mean sea
level does not depend on the action of wind and determined only by the runoff of the VVolga and
visible evaporation from the sea surface. Seasonal variation of mean sea level every year is the
same using climatic Volga runoff and evaporation. The mean sea levels of the Caspian Sea are
equal to -12.8 cm in January, -1.5 cm in April, 15.7 cm in July and -5.0 cm in October, which
corresponds to Fig. 1b. The average annual mean sea level does not change from year to year and
is equal to zero.
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Fig.6. Seasonal variation of the sea level monthly averages by observations and calculations with the real
Volga runoff for 1948-1993: 6a) Tuleny, 6b) Baku

237



46 can

Fig.7. Climatic monthly mean
field of level (average for
1948-1993 years): a) January,
b) April, ¢) July, d) October, €)
annual average

d) October e) Annual mean

The fields of sea level show distribution of sea level over the area and figure 7e shows that
the annual average level, for example at the station Tuleny is higher than annual average mean
sea level.

Seasonal variation in sea level at the station is constructed in deviation with respect to
annual average level at this station. The annual average level at each station varies from year to
year. The interannual changes in annual average level at the station Tuleny are shown in Fig.8a.
The level is drawn with respect to annual mean sea level, which is equal to zero when calculating
the model with climatic Volga runoff and varies from year to year in the case of model
calculations with real VVolga runoff, as shown in Fig. 4a.

The annual average level at the station Tuleny varies from year to year, and judging by the
Fig. 8a, almost independent of the average mean sea level of the Caspian Sea. Runoff of the
Volga River and the visible evaporation increase or decrease the average mean sea level of the
Caspian Sea, but the distribution of level on the sea surface is determined by the wind. Since the
wind was the same in the model with climate and with the real VVolga runoff, the distributions of
level on the surface of the Caspian Sea are similar. The similar patterns of distribution of the
level on the sea surface are obtained at various mean sea levels of the Caspian Sea.
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The average value of sea level over the period 1948-1994 years at the station Tuleny is 8,5
cm in the model with climatic runoff of the Volga and 8 cm in the model of the real runoff of the
Volga, which corresponds to Fig. 7d. On average over the period 1948-1994 years the sea level
at the station Tuleny is higher than average mean sea level. The annual average level at the
station Tuleny is reduced from 1948 to 1993 (Fig. 8a). If in 1966 the average level at the station
Tuleny was 28 cm, but in 1990 -6 cm, i.e. it was below the average mean sea level. The reason
for these changes in the level associated with specific wind fields for each year, under which
there are surges in the Northern Caspian.

Fig. 8b shows the interannual variations in annual average sea level in Baku, they are small
compared with changes at the station Tuleny and do not exceed 4 cm. The annual average level in
Baku is very close to the annual mean sea level of the Caspian Sea. The average value of annual
average sea level over the period 1948-1994 years in Baku is 1,8 cm in the model with climatic
runoff of the Volga and 0.6 cm on the model with the real VVolga runoff.

Fig. 9a, b shows the time course of average monthly level at the stations Tuleny and Baku, the
time evolution of the mean annual level at these stations were previously presented in Fig. 8a, b. The
mean monthly values of the level obtained by the model with the real VVolga runoff have changed
compared with the values of the level obtained by the model with climatic Volga runoff. Fig. 10
shows the monthly averages mean sea level on the model with climate and the real Volga runoff.
We see that the average monthly values of mean sea level changed due to changes in river runoff.
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Fig.9. Interannual changes in monthly averages of sea-level as deviations from the annual mean sea level:
9a) Tuleny

240



30

20

10 A

-10

-20

-30

p
L 4

- =9

— with climatic Volga runoff

I 1

—#— monthly mean level at st. Baku by model
with real Volga runoff

—e— monthly mean level at st. Baku by model

i

9b
Fig.9. Interannual changes in monthly averages of sea-level as deviations from the annual mean sea level:
9b) Baku
25
20 * L 3
15I"i|IIi’ltl I i‘lL‘j'l$nLIJ"! y9vupsatyn I,

10

-10

-15

-20

251

e

<

4 4

4 4

| S I 11

| —¢—mean sea level by model with real Volga

JIR

*~—

runoff
—&— mean sea level by model with real Volga

runoff

Fig.10. Interannual changes in monthly mean sea level in deviations from the annual mean sea level

241



Fig. 11 provides the difference between the monthly levels for the model with the real and
the climate Volga runoff obtained at the stations Tuleny, Baku, and the mean sea level. It turned
out that the difference between the monthly levels for the model with real and with the climatic
Volga runoff is the same for the mean sea level and sea level at stations Tuleny and Baku. This
means that the disturbance level caused by changes in Volga runoff, quickly spread over the
surface of the sea and the whole surface of the sea rising or lowering, is virtually the same time.

20

—e&— Difference between mean sea levels by model with real
-15 and cimatic Volga runoff
—m— difference between monthly mean levels at st. Tuleny by
model with real and climatic Volga runoff
Difference between monthly mean levels at st. Baku by
model with real and climatic Volga runoff

Fig.11. The difference of monthly levels on the model of the climate and the real VVolga runoff at the
stations Tuleny, Baku and for mean sea level

Fig. 12 shows a seasonal change of monthly mean sea level and monthly level at the
stations Tuleny, Baku in deviations from the annual mean sea level for climate Volga runoff,
which are identical with the level at these stations on Fig. 7a-d. The monthly level at the stations
Tuleny is higher than mean sea level and the level in Baku is very close to the mean sea level of
the Caspian Sea. Maximum level at the station Tuleny is in May, and in Baku is in July. The
system of winds distributes the sea level on the surface of the Caspian Sea so that the sea level in
July in Baku on average for the period from 1948 to 1993, higher than sea level at the station
Tuleny. If the wind is absent, then the maximum sea level at the station Tuleny, Baku and a
maximum of mean sea level of the Caspian Sea would be observed in the same month.
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Fig.12. Seasonal variation of monthly level at the station Tuleny, Baku, and the mean sea level by the
model with climate Volga runoff in the period 1948-1993 years in deviations from the annual mean sea
level

Conclusion

The emergence of open access atmospheric data reanalysis has provided input information
for continuous-time calculations of the circulation in the seas, since 1948 until the present
moment in time.

The model initially developed for calculating storm surges has been used for calculations
of the seasonal variability of circulation. The operational version of the model used at the
Hydrometeocenter of the Russian Federation provides reliable forecasts of storm surges in the
North Caspian.

The model allows to simulate not only storm surges, but also seasonal and interannual
changes of the Caspian Sea level using the data of the VVolga runoff.
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THE ROLE OF THE CASPIAN SEA IN PRECIPITATION CONDITIONS ON THE
SHORES OF THE NORTH OF IRAN
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Abstract

The Caspian Sea, as the largest lake of the word, has a special role in environment
circumstances of the region. In this research, we considered the role of Caspian Sea on precipitation in
the shores of the north of Iran. The obtained results showed that three kinds of air mass and pressure
system affect precipitation in the south shores of Caspian Sea: Siberia high pressure, low- pressure
systems and emigrant anticyclones. Among them most of precipitations in terms of frequency
originate from Siberia high pressure, while the strangest precipitation originates from emigrant
anticyclones. Evaporation produced by Caspian Sea provides moisture for precipitation that originated
from the Siberia high pressure, while moisture for low pressure and part of moisture for emigrant
anticyclones are provided by the Black sea, Mediterranean Sea and Atlantic Ocean. Necessary
conditions for dense precipitation in the area are provided when a high pressure ridge settles in the
south shores of Caspian Sea in the surface of the earth resulting from cold air expansion and existence
of a trough in the middle and upper levels of atmosphere. It should be pointed out that cold airflow
from high latitude to the south shores of Caspian Sea cause on increase of air pressure in the area. So,
higher pressure in the surface of the earth and deeper trough in the upper level lead to more intensity
precipitation.

Introduction

The Caspian Sea with a surface area of 392,000 square kilometers is extended in
latitude of 36 to 47 to the north and longitude of 47 to 54 to the east. Its length from north to
south is 1,200 kilometers and its average width is 300 kilometers. Iran, Russia, Turkmenistan,
Azerbaijan and Ghazaghestan share the Caspian Sea. The southern wing of this sea constitutes
the northern coastal line of Iran.
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With a brief look at the rainfall in the regions around the Caspian Sea (Table 1) and
comparing it with the rainfall at the southern coastal line of the Caspian Sea (Table 2), we can
observe clear differences in the annual and monthly rainfalls of these regions (Morady, 2002).

Table 1: The annual and monthly mean rainfall rate at the stations around the Caspian Sea

Month v v A M J J A S O N D Yer
Station

Hassanghly 156 124 29 174 132 24 79 32 143 222 30 252 2038
Krasnodesk 14 134 232 169 146 27 56 35 55 159 201 137 1431
Ghoriov 101 89 126 123 123 26 154 11 112 177 152 134 1579
Astrakhan 13.1 116 153 198 20.7 255 142 163 225 202 128 162 209.6
Makhachkala 24.1 29.7 225 199 236 268 257 259 371 328 273 264 3218

Table 2: The annual and monthly mean rainfall rate at the stations on the southern coast of
the Caspian Sea in the period 1959-1993

Month

. J F M A M J J A S (@) N D Year
Station
Astara 835 724 969 481 506 434 288 654 212 2815 1409 96 12195
Anzaly 187.2 1362 1122 499 506 441 412 1073 207 3674 292.6 2199 18157
Rasht 150.2 130.1 1165 567 586 396 396 736 1383 2361 202.2 1733 14169
Ramsar 844 786 892 405 504 497 497 694 1618 309.8 1617 119.3 12489
Noshar 1144 1091 924 478 482 526 526 795 153.8 2421 2069 140.1 1326.6

Babolsar 99.2 79 705 313 237 164 164 671 733 1663 131.8 131.8 9134
Gorgan 552 637 769 452 468 306 306 315 379 692 603 642 599.8

While the annual mean rainfall in northern, western and eastern coastal lines of the
Caspian Sea is associated with the arid and semi-arid climates. At the same time in the
southern coastal line of this sea, the annual rate of rainfall has a range of 1815 mm in Bandar
Anzali to 600 mm in Gorgan. The same condition applies to the temperature conditions of
these regions (Tables 3 and 4) while the annual mean rainfall over the Caspian Sea is about
196 mm.

Table 3: The annual and monthly mean temperature rate at the stations around the Caspian
Sea

Month  J F M A M J J A S O N D  Year
Station

Hassanghly 4.5 5.6 89 149 202 239 268 271 237 173 11 6.7 15.9
Krasnodesk 2.2 2.8 6.8 135 19.7 239 275 271 217 146 9.2 52 145
Ghoriov 1.3 -3 -03 112 119 233 261 252 175 78 18 -39 9.4
Astrakhan -5.5 -52 09 112 184 223 255 243 175 87 63 -15 9.7
Makhachkala 0.3 0.5 3.7 102 144 215 246 238 198 131 7.9 3.5 121
Bayser -166 -157 -75 09 78 131 157 124 7 08 -78 -134 -04
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Table 4: The annual and monthly mean temperature at the stations on the southern coast of
the Caspian Sea in the period 1959-1993

Staﬁ'\:r?”th J F M A M J J A S O N D Year
Astara 5.7 55 85 128 181 225 256 247 215 166 12 1.7 15.1
Anzaly 7.1 6.7 86 13.1 188 234 252 254 225 178 135 99 16.1
Rasht 6.7 6.6 88 141 19 23 252 248 22 171 126 8.7 15.7
Ramsar 7.1 7 88 136 186 228 256 248 224 175 132 93 15.8
Noshar 7.3 7.1 89 134 183 224 25 249 226 18 134 96 15.9
Babolsar 78 7.9 10 147 19.7 239 265 26 237 186 141 9.8 16.9
Gorgan 8 8.2 108 163 122 255 279 273 239 191 136 9.8 17.6

The southern coastal line of the Caspian Sea, in addition to following the pattern of
general circulation atmosphere, is under influence of local factors (Nash, Newman, 1996).
The presence of the Caspian Sea, as the main source of humidity, and Alborz Mountains in
south of the coasts and north and northwest winds in the region, altogether created an ideal
ecological (climatic) conditions in the region which is unique in the world. The presence of
fertile soil, good temperature and sufficient rainfall has prepared the region for the growth of
different plants, so that the region possess dense forests with high commercial value and is
considered as the main agricultural region in Iran. Despite this, the local residents of this
region frequently suffer from the drought and shortage of water and face with destructive
floods, imposing financial damages as well as heavy losses (Morady, 2003).

Therefore, it is logical that by identifying the mechanism, the creation, reinforcement
and systematic move and expansion of climatic conditions dominating the region to benefit
from its positive impact and to avoid or minimize its damaging consequences (“Program
on...”, 1990).

The main aim of this research is to study the role of the Caspian Sea on the rainfall of
northern coastal lines of Iran.

Materials and methods

In this research, the climatic parameters of meteorology synoptic stations of Astara,
Bandar Anzali, Rasht, Ramsar, Noshahr, Babolsar and Gorgan within the years 1959-93
together with the meteorology maps of daily and monthly rainfalls during the years 1971-72
to 1988-89 were collected and studied. The reason for choosing this period (1971-89) was the
accessibility and availability of suitable maps during this period at the Meteorology
Organization of Iran. The region under study was chosen at the 10° to 90° latitude to the north
and of west 90° to east 90° longitudes. The reason for choosing this boundary was to study the
source and the way the active pressure centers influence the climatic conditions of the region.
Since the two main factors in the rainfall are humidity and the ascend of air (Ghaemi, 1996),
hence, in this study, the maps of earth surface as well as contours of 500 Hectopascal were
studied for determining the instability conditions (Divis, Benkovic, 1992). The reason for
choosing the 500 HectoPascal was that most of the water vapor present in the atmosphere
(about 0.90) is located in the layers under the contour of 500 Hectopascal (Khairandish,
1984). On the other hand, the wave formation in this contour is the best representation for
determining the stable or instable conditions of a region (Harvey, Hitchman, 1996). In this
way, the wave formation and position of the atmospheric active systems in connection with
the atmospheric condition dominating the northern coasts of Iran and the patterns dominating
the region at the time of rainfall were identified.
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Results and discussions

The rainfall and temperature positions of the stations studied are provided in Tables 2
and 4. Table 1 shows the annual and monthly mean rainfall of the areas around the Caspian
Sea and Table 2 shows the annual and monthly mean rainfall in the northern coasts of Iran.
Tables 3 and 4 showed the monthly and annual mean temperature in these regions,
respectively. As Table 2 shows, there was no arid month in the southern coasts of the Caspian
Sea. In all the stations except the Gorgan station, the highest rainfall was in autumn and the
least rainfall was in spring. In Gorgan, the rainfalls in winter and autumn were identical and
were considered as the highest rainfall seasons and the summer season was considered as the
most arid season. The highest humidity month in all the stations except the Gorgan station is
October. May, June and July are considered as the driest months. The highest rainfall at the
Gorgan station happens in March. It is note worthy that the rainfalls in southeast of the
Caspian Sea, to some extent, follow the regime of the internal rainfall of Iran plain.

For comparing the rainfall position at the southern coasts of the Caspian Sea with other
coastal regions of this sea, the monthly and annual mean rainfalls of some of these stations are
provided in Table 1. As it can be seen, the rate of rainfall at the Caspian Sea region and its
neighboring surroundings is very little and most of the time the average rainfall is less than
200mm. By averaging the 119-year statistics, presented by Doberolski, Kosario and Leontif, it
was observed that the average rate of rainfall at the Caspian Sea is equal to 192 mm (Morady,
2003).

By analyzing the synoptic meteorology maps, the following results were obtained:

the northern coasts of Iran are under the influence of Mediterranean low pressures that
reaches the Caspian sea via Turkey and Black Sea or it is directly influenced by migratory
Island low pressure system that invades the Caspian Sea by cold weather via polar front or
Arctic and would create plenty of rainfall, particularly in autumn over the northern coasts of
Iran by removal of humidity and warming during its passage over the warm water of the
Caspian sea. When the migratory Island low-pressure system goes toward the southern
regions and is stabilized over the Eastern Europe. By expansion of cold front, this low-
pressure center moves toward the southern region, and the high-pressure ridge of the northern
Europe settles over the Caspian Sea and gradually the north-northwest currents settle over the
Caspian Sea (Kerang, Makarau, 1994). With the emergence of these currents, the cold
weather of arctic passes through the Caspian Sea and by absorbing sufficient heat and
humidity from the sea, it becomes instable and particularly in the western region of the
southern coasts of the Caspian Sea causes considerable rainfall. This rainfall would be more
severe when the difference in the temperature and water level is high and, sometimes in some
regions, the rainfall would reach more than 300 mm in 24 hours (Morady, 2002). These
rainfalls would continue until the high pressure is not yet settled along the Caspian Sea, or on
the other hand, the currents are located in the North-Northeast (Figures 1 and 2).

In other words, the severe rainfalls in the southern coasts of the Caspian Sea occur when
the earth surface is under the influence of high pressure ridge from the cold type and the
center of this high pressure is normally would settle in the northwest of the Black Sea (in
Eastern Europe). In front of this high pressure is a low pressure system, which is of
Mediterranean origin that reaches south of the Caspian Sea via Turkey and the Black Sea and
causes the invasion of cold weather to the Caspian region via the polar front (Figure 2). In
contour of 500 Hectopascal, the occurrence of rainfall in the region together with the
settlement of the ridge over the Black Sea, east to center of the Europe and east of the
Mediterranean Sea would cause a deep trough to be settled in the east of the Black Sea in
around the eastern longitude of 40° to 50° (Figure 3).
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Fig. 2. The synoptic map level of 500 hp in 2/1/1989
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Fig. 3. The synoptic map earth surface in 30/11/1984

When the center of this trough is positioned around the north pole and along the Eastern
Europe, then by the expansion of its cold front to the south, the high pressure ridge in the
Eastern Europe would settle over the Caspian Sea, and gradually with the emergence of the
North-Northwest currents over the Caspian Sea, the cold weather of the arctic would pass
over the Caspian Sea and by absorbing heat and sufficient humidity it would become instable
and would cause considerable rainfall particularly in the western region of northern coasts of
Iran. Therefore, for the rainfall over the southern coasts of the Caspian Sea, the existence of
the presence of a trough in the middle and upper atmosphere as well as at front (especially
cold front) on the earth surface is necessary. The more pressure on the earth surface, the more
would be the rate of rainfall, if other conditions are hold (such as humidity at different
contours, presence of weather front on the earth surface, presence of trough in the upper
contours and etc).

References

Divis R.E., Benkovic S.R. Climatological variations in the northern hemisphere circumpolar vortex in
January // Theor. Appl. Climatol. 1992. 46. 63-74.

Ghaemi H. General Meteorology / Samt organization. 1996.

Harvey V. L., Hitchman M. H. Climatology of the Aleutian High // J. of the Atmospheric Sciences.
1996. Vol. 53. No. 14.

Kerang L., Makarau A. Drought and desertification // Report Series. World Climate Programme,
WCASP (28) WMO/TD. 1994. No 605. 286 p.

Khairandish M. Synoptic Meteorology / Iran Meteorology Organization. 1984.

Morady H.R. The polar vortex and precipitations on the southern coast of the Caspian Sea. 2002

Morady H.R. Synoptic analysis of the precipitation on the southern coast of the Caspian Sea // The
Caspian Sea International Conference. 2003. 157 p.

WMO/TD 1990. Program on long-range forecasting research (Nanjing, China, 8-12 October 1990)
No. 362.

249



BO3JEVICTBUE HE®TET'A30BOI'O KOMILIEKCA
HA OKPYXAIOIIYIO CPEAY KA3AXCTAHCKOI'O ITPUKACIIUA

Temupoaena P.K.
TOO «Muctutyt reorpaduuny, Anmarsl, Kazaxcran
Ten. +7 (727) 2918129 (Bu.124), +7 (727) 2918102
rozatemirbayeva@mail.ru

AHHOTAUA

[IpencraBnenbl  akTyalbHbIE  JKOJOTHYECKWE  NPOOJeMbl  JOOBIBAIONIEH  OTpaciH
npomeinuieHHOcTH Kazaxcranckoro Ilpukacmus. Iloka3anbsl HeraTuBHBIC (HDaKTOPBI, BO3HUKAIOIIUC
mpu  pa3paboTKEe MECTOPOXIACHUN YIICBOJOPOIHOTO CHIPbS M BO3JCHUCTBYIOIIUME HA Pa3IMYHBIC
KOMITOHEHTHI IIPUPOTHOMN CPEIBI.

Beenenue

Kazaxcranckuit Ilpukacnuii 6marojapst HalM4YMIO HAa €r0 TEPPUTOPUU KPYIHEHIIMX
3aracoB YIJIEBOJOPOJHOIO ChIPbsl, CTaJl JOKOMOTUBOM 3KOHOMHKHM Pecnyonuku Kazaxcran,
BbIBEJI CTPaHy B YMCJIO KPYIHBIX He(Te100bIBAIOIUX IrOCyaapcTB Mupa. Mcropust ocBoeHus
MECTOPOXKJICHHUN YTIIeBOOpoHOTO ChIpbs [Ipukacnus HacuuteiBaer Oonee 110 mer. Ilepsoe
MecTopoxkJeHue Hedtu Ha Tepputopun [Ipukacnus ObU10 OTKPBITO B ypouuine KapamryHrun
XKeublolickoro paiiona Atbsipayckoil obsactu B 1899 romy. B 1911-1915 rr. BBeneHs! B
pa3paboTky MectopoxaeHus Heptu [loccop, Makar, 3atem Kynbcapsl, Kocuarsui, Kaparton,
baitmmonac, Mckene, Carus, Komkap, [llybapkynyk u ap. Yxke k 1970 r. B peruone ObU10
OTKpPBITO 42 MECTOPOXJIEHHUS YIJIEBOJOPOJHOIO ChIpbsi W3 HUX 32 HePTAHbIX, 7
HedTera3zoBbiX U 3 ra30BeIX (AkusHOBa, 2004). Mectopoxxaenus, oTkpsiTeie B 70-80 romax,
CTaJIi OCHOBOM yrieBonopoaHou orpaciu Kasaxcrana.

B nacrosiiee BpeMs B permoHne oTKpbITO 0K0s10 200 MmecTopoxaeHuii u noo0biBaercs 40
MJIH. T He(TH U 6 MiipA. M® Taza B roa. B o6mem ooseme BBII nons pernona cocrasusier 18%
(«Pernonsr  Kagmkaza..», 2008). T'opHomoObIBaromasi oOTpacib MPOJOHKAET OCTaBATHCA
BEYyILIEH OTPaciIbl0 IMPOMBILIUIEHHOCTH HE Tonbko Kazaxcranckoro Ilpukacnus, HO U Bcero
Kaszaxcrana B nenom. Ilo marepuanam ArentctBa mo craructuke PK B Ilpukacnuiickom
peruone B 2008 r. mo cpaBHeHuto ¢ 2007 r. Habmogancss pocT 00bEMOB MPOMBIILIEHHOTO
MPOU3BOJICTBA, KOTOPHIA cocTaBui 3680,2 MIIpA. TEHre W YBEIWYHUJICA 1O CPaBHEHUIO C
npenpiaymuM rogoM Ha 11652 mapa. tr. (mnmm 31,2%). B paspese obGmacteit 0ObeMbl
MPOMBIIIJIEHHOW MOpOAYKIMM B ATbIpayckoil oOmactu yBenuuwinch Ha 34,2% wu
Masnrucrayckoit - Ha 28,1%. VYBenuueHue 0o0bEMOB OOECIIEYEHO B OCHOBHOM POCTOM
MPOU3BOJICTBA B TopHOJOObIBatouiel otpaciu. Tak, B ATblpayckoil 001acTH BBIPOCIU
00beMbl 0OBIYM He(TH, BKIIIOYAst ra30BbIi KOHJEHcAT Ha 3,6 MJIH. T, ra3a npupoaHoro Ha 1,8
MiIpa. M* U B MaHnrucrayckoil obnactu raza npupojHoro Ha 1 mupa. m* («['ocynapcTBeHHas
IporpamMma..»).

OcHoBHast yacTh

OcBoeHME HOBBIX KaK M pa3paboTKa BBEJIEHHBIX B HKCIUTyaTaI[MI0 MECTOPOXKIACHUM
He(TH U rasza CBs3aHbl C CEPbE3HBIM HETaTHUBHBIM BO3/IEHCTBHEM Ha Pa3JIMYHbIE KOMIIOHEHTHI
MIPUPOTHOM CPEIbI.

B paiioHax npoMBICIOB OTMEYAeTCsl MIMPOKUN KOMIIIEKC AaHTPOIIOI€HHBIX M3MEHEHUI
penbeda, MOUBEHHOTO M PaCTUTENLHOTO MOKPOBA, YPOBHS IPYHTOBBIX BOJI, a TAK)KE IIPOLIECCHI
copooOpa3oBaHus U OBparooOpa3oBaHus, KAPCTOBBIE ABICHHS, (OPMUPOBAHUE MOJBUIKHBIX
IIECKOB.

Ha »rane pa3pa®oTku yriaeBoAOpOAOB 0CO00 BaXKHYIO pOJIb HUIPaeT pa3BUTHE
COIIYTCTBYIOIIEH HMH(PACTPYKTyphl, MpeXkAe BCEro TPAHCHOPTHOM 0Oecre4eHHOCTH
tepputopun. K npumepy, npu crpourensctse 100 kM TpyOOnpoBoia IIIOmaab pa3pylieHHbIX
MMOYBEHHO-pACTUTEIRHOTO TTOKpoBa gocturaet 500-1000 ra («MecropoxaeHust HepTu U rasa
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Kazaxcrana», 2005). Ilpu stom Qopmupyercss cBOeoOpa3HbIii aHTPOIOTEHHBIH Me30- M
MUKpoOpenbe], akTUBU3UPYIOIUN psii penbedooOpazyonIx MpoLeccoB, TAaKUX Kak Ipo3us,
nedusinus, oOpylleHHe W OIOJ3aHMe CTEH TpaHIIed, kapcT, cypdos3us u np. Hepenko c
1eaplo (popcupoBaHus pa3pabOTOK HETH M raza MPUMEHSUIMCh TEXHOJOTUHM YCKOPEHHOU
cOOpkH HE(PTAHBIX BBINICK HA CHEIHMAJILHOHN IUIOIAAKE B paiioHe I. AKTay, KOTOpBIE 3aTeM
OykcupoBaJuCh OylibJ03€paMH Ha JECSITKHM U COTHU KHJIOMETPOB K MECTy YCTAHOBKH, B
pe3yabTaTe TOJTHOCTHIO YHMYTOXAJCS IOYBEHHO-PACTUTENBHBIA TOKpoB. Hampumep,
HaOJI0IeHUs B ypouMIle AKcakcayll Ha F0ro-3amagHoM Y CTIOpTe NMOKa3ald, YyTo Jaxe Iocie
TPUIALATIETHErO MPEKPALICHUsI T€0JIOrOpa3BeIOYHbIX PadOT JerpajupOBaHHBIC YYaCTKU He
BOCCTaHOBUJIMCb.

AHTpOTIOreHHOE BO3JICHCTBHE HA TNPHPOIHYIO CpEeAy BBIPA3UIOCh B CHIIbHEHIIEM
3arpsA3HEHUN aTMOC(HEPHOro BO3AyXa, MOJ3EMHBIX U MpUOpexHbIX Boa Kacrnuiickoro mops
OpenpusTHSIMUA JOOBIBatONIe W mepepadarbiBaromeii orpaciu. [Ipu sTom ocobo cienyer
OTMETHTh C)KUTAaHHE IMOMYTHOrO ra3a Ha (Qakenax, KOTOpPO€ HAHOCHT 3HAYUTEJIbHBINA
OKOJIOTUYECKUH W SKOHOMHUYECKHH ymiepO, Hachlas arMocdepy BpeIHBIMH BEIIECTBAMHU,
0COOEHHO YrapHbIM M CEpHHUCTBIM Tra3aMM, OTPHULATENILHO BIMAIOIIMMH Ha COCTOSIHHUE
pacTUTENLHOTO TIOKPOBAa M TOYBBL. Tak, Hampumep, B ATBIpayCKoW o0yacTu u3 00mIero
o0beMa BeiOpoca B 155,4 ThIC. T Ha cTallMOHapHbIe UCTOUYHUKHU npuxoautcs 110,5 Toic. T (Miu
72,5%), B MaHTHCTAayCKO# 00JAaCTH CPEIHEr00BOH 00BbEM BBIOPOCOB COCTABIISACT MOPSIKA
76,5 teic. T («HamuonanbHas »skosjoruueckas crparterus PecnyOnuku Kaszaxcrtan)y.
3arps3HEHHBIA BO3MYX, YXY/IIas COCTOSHUE OKPY>KAIOLIEH Cpeiibl, TAK)KE HEraTUBHO BIHSCT
Ha KayecTBO CEJIbCKOXO3SIMCTBEHHON MPOIYKLUMU M 3I0POBbE HACENEHMs], a TaKXKe BEJeT K
HKOHOMHYECKUM TTOTEPSIM.

- e S LI
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Puc. 1. Cxxuranue Ha ¢akenax MmomyTHOro rasa

[IpuBeneHHple aHHBIE HE MOTYT OTPa3UTh BCETO KOMILJIEKCA HETATUBHOTO
AQHTPOIIOTEHHOTO BO3JEHCTBUS Ha HKOCHCTEMY, KOTOpas YK€ HCUUCISIETCS ThICI4yaMu
TeKTapoOB 3E€MJIM, 3arpsS3HEHHBIX HEe(THI0O W PATMOAKTUBHBIMH OTXOoAaMu U T.A. OOrmas
miomaas HedTsHOTO 3arpsizHeHus B Kazaxcrane coctaBiser 194 Teic. Ta, a 00beM pa3IuToOn
HepTu - Oomee 5 muH. T («CBOIHBINM aHaTUTHUECKUU OTUeT...», 2009). B Artsipayckoit
obrmacti Ha TUIomAAM Oojiee 1,3 MIUIH. Ta JOMNYIIEHO TEXHOTCHHOE 3arpsi3HEHHE B BHJIC
pa3inuBoB He(hTH OOBEMOM B JIECATKU THICSY TOHH. BOKpYr kaxkmoil OypoBOil yCTaHOBKU B
paauyce 500-800 M yHuurOoxkaerca pactutenbHocTh Ha 70-80%. U kak ciencrsue, B
[Ipukacnuiickom HedTenoObIBaoONmEeM peruoHe Oonee 4,3 MIH. ra HapyIIEHHBIX 3€Mellb,
BKJIFOYas 1,5 MITH. ra TEXHOTEHHBIX 30H, 1,9 nmerpamupoBaHHBIX mactoOuy, 0,6 3arps3HEHHBIX
Heprenpoaykramu u 0,3 MITH. Ta 3eMellb C PaJMOAKTUBHBIM 3arpssHeHneM («Pecmybnmka
Kazaxcran», 2006).
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Puc. 2. 3arps3aenne HeThIO TTOYBEHHOTO ITOKPOBA

DKOJIOTHYECKYIO OIACHOCTh IPEJACTABIISIOT 00JI€e THICAYN aBapUMHBIX U 3a0pOIIEHHBIX
CKBAKMH, TaK KaK B CBS3M C INOABEMOM BoOIbl B Kacnum BIOJIHE peanbHa yrpo3a HX
3aTOIUIEHUST M CEepbe3HOro 3arps3HeHust Mmops. [lo HekoTopeiM naHHbIM, nopsaka 100
HE3aKOHCEPBUPOBAHHBIX CKBaKMH MecTopoxaeHuil Kanamkxac u Kapaxan6ac B HacTosiee
BpeMs yKe 3aToluieHbl. Beero noasepriock 3aromieHnto okoiao 700 3aKoHCEpBUPOBAHHBIX,
YaCTUYHO 3aKOHCEPBUPOBAHHBIX U MHBIX CKBAXKHH.

HeratuBHOe BoO3aeiicTBUE TOPHOAOOBIBAIOMICH OTpPAcid BENET K COKPAICHHIO
IIPOCTPAHCTBEHHOI'O Pa3MEIEHUS U YNUCICHHOCTH MOMYJIALUUN JUKUX KUBOTHBIX, HEFATUBHO
OTpaXkasich Ha IMPOIECCaX COXPAHEHUS W ECTECTBEHHOTO BO300HOBJICHHUS MPUPOIHBIX
pecypcoB. Jlo Hayanma 60-x rr. XX Beka YMCIEHHOCTb YCTIOPTCKOIO T'OpHOro OapaHa Ha
Yetiopre 1 Manrbiuiake cocrasisiia 7-10 Teicay ronos. K Hagany 80-X IT. €ro 4nciIeHHOCTh
COKparuiach B 2-3 pas3a, HO 3aTeéM HaMETWICA IOABEM, B CBSI3M C COKpAIEHHEM 4HCIa
BaxTOBBIX T'OPOJIKOB, YHNOpsAJOYEHUEM HedTe- M ra30- pa3BeAKHM U Pa3padOTOK MOJE3HBIX
HCKOIIAEMBIX, U B MIEPBYIO NOJOBUHY 90-X IT. OHa 1ocTUINIA YpOBHA 5,5-6,5 ThIC. Tos. C 1997
I., CBA3aHHBIA C HOBBIM IKOHOMUYECKUM IMOJBEMOM PErHOHA, BHOBb HAYaJIOCh MaJIEHUE €ro
yucinenHoctu: K 2000 r. oHa cokpaTuiach 10 3, a B Hacrosiiee Bpems — 10 1,0-1,5 Toicau. B
HacTodllee BpeMs HaOnrofaercs JajibHEHIIee COKpallleHWe YHMCIEHHOCTU JDKeipaHa, OH
[IPAKTUYECKM  IepecTall  BCTpPeYaTbCs  BAOJb  3alaJHOr0  4YMHKAa  YCTIOpTa U
CKOHIICHTPUPOBAJICS B Hanbojiee TPYIHOIOCTYNHBIX sl yenoBeka mecrax ([lmaxos, 1994;
[Tnaxos, 2003).

BonbminHCcTBO  pa3paldaThIBa€MbIX MECTOPOXAECHUHM YIJIEBOAOPOJHOTO ChIpbS Ha
tepputopun PecniyOnuku Kaszaxcran, B Tom umcie u Ilpukacnuiickom pernone k 2002 roxy
JOCTHUTIIU CTAJNH MaKCUMAJIBHOTO YPOBHS TOJOBOW M0OBIYHM. JlambHEWIINN pOCT MOOBIYN Ha
Cylle B MEPBYIO O4Yepe/b CBs3aH C MHTEHCH(]UKaLUel pa3paboTKH MECTOPOKACHUH, TaKHX,
kak Tenrn3 m Kapawaranak. Bmecre ¢ Tem, NpOBENEHHBIE HCCIENOBAaHUS IOKA3AJIHM, YTO
OCHOBHOH MpPHUPOCT pa3BEIaHHBIX 3alacoB U JIOOBIYM YIJIIEBOAOPOAHOTO CHIPhS CIEIyeT
oxunate B akBaropuu Kacrmiickoro Mops. [Io HpOrHO3HBIM JaHHBIM TOJIBKO Ha

Ka3aXCTaHCKOM Ienbde Bo3MoxkHO 100b149a 10 150,0 maH.T. B roa («Pecmynuka Kazaxcrany,
2006).

3aki0ueHue

CoBpeMeHHOE COCTOSIHME He(TErasoBoro KOMIUIEKCA pErnoHa TpedyeT NMpHUMEHEHHE
HOBEHIIMX TEXHOJIOTMM JUIsl TPEAYNpEeXACHUS PHUCKA SKOJOTHYECKMX M TEXHOTECHHBIX
KaracTpod, KOoTopble, 6e3yCI0BHO, TOTPEOYIOT KPYMHBIX KAlUTAIOBIOKEHUH, OJHAKO OHU
HECPaBHUMO MaJjbl 110 CPABHEHHUIO CO CPEJICTBAMM, KOTOpPbIE MOTYT NOTpeOOBaThCcs IpH
BO3HUKHOBEHUI aBapUMHBIX CUTYaLUH.
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Pemenune sxonoruueckux npoodsiemM TpedyoT NPUHATHS CBOEBPEMEHHBIX U MTPABHIBHBIX
pELIeHMI, B KOTOPBIX, HAa HAlll B3IVIAJ, 0CO00€ BHUMAaHHUE JOJDKHO YAEIATHCA CIEAYIOLIUM
HaIIPaBJICHUSIM:

®[IPOBEJICHUI0O  WHCTUTYLUHMOHAIBHBIX  IpeoOpa3oBaHUN B MHPUPOJOOXPAHHOM
JESTEIIbHOCTH U ONTUMHU3UPOBAHUIO ¢ (PHMHAHCHPOBAHMS;

® YCOBEPIICHCTBOBAHUIO MTPUPOJAOOXPAHHOTO 3aKOHO/1aTEIbCTBA;

® MOHUTOPUHTY U CUCTEME OTYETHOCTH;

® BOBJICUCHHUIO HaydHbIX KpyroB, HIIO u o01iecTBEHHOCTH B pElIEHUE IKOJOTUYECKHX
3ajady;
¢ hopMHUPOBAHUIO CUCTEMBI YKOJIOTUYECKOTO 00pa30BaHUs U BOCITIUTAHUS.
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MOHUTOPHUHI TEOC®EPHBIX ITPOHECCOB
KA3BAXCTAHCKOM YACTH IPUKACIIASA

Epranues T.2K.
ATbIpayckuil MHCTUTYT HedTH U Ta3a, Ateipay, Kazaxcran
Ten.: +7 7122 354654
Ytlepkazy@yandex.ru

AHHOTANUA

Wzyueno srnusHue [lpukacnuiickoro permoHa Ha coctossHue reocdepsl 3emuu. OCHOBHOE
BHHMAaHHUE YJEJICHO IOBBIIMICHUIO YpoBHS Kacmuickoro Mops W HaroHaM, CHHIKAIOIIMM ayib0eso,
MBUTBHBIM OypsiM M TIPOCayMBaHUIO HePTH W rasa co JHA MOpS U3 PA3IOMOB M TpHU(OHOB,
TEXHOTCHHOMY YCKOPEHHUIO TIPOIIECCOB T'eOJIMHAMHKM Ha He(TEera3oBbIX MECTOPOXKICHUSIX U
WHAYIUPOBaHUIO 3eMyeTpsiceHuil. HaOmonmeHue, OIleHKa, KOHTPOIb W TPOTHO3 MEPEUUCICHHBIX
MapamMeTpOB SBICTCS LETbI0 Teoc(hepHOTO MOHUTOPHHTA.

BBenenue

[IpoOneMbl  OXpaHBl OKPYXKAIOIIEH Cpeabl SBISIOTCS aKTyalbHBIMH JIJII  BCEX
NPUKACITUICKIX TOCYAapCTB B CBSI3U C MOJBEMOM YpOBHS Kacmuiickoro Mopsi, KOTOPBIi
INOBJIMAJI HA BCE BHABI ACATCIBHOCTH, HO CaMbIM TIJIaBHBIM H3 HHUX ABJISCTCA
HedTerazono0bua. B cBoro ouepens Bo3aeiicTBre He(pTEra30100bIYH Ha OKPYKAIOIIYIO CPELy
MOYKHO OXapaKTephU30BaTh, KaK MHOTOYPOBHEBOE M MHOTOACIEKTHOE. YSCHUTH XapakTep H
OMACHOCTh B3aMMHOIO BIIMSHHUS OKpYyXKaromied cpeiasl W Hedrera3oqoOblyM JIpyr Apyra
BO3MOXXHO TOJIbKO Ha OCHOBE CHUCTEMbI HAONIOJICHUI W OIICHKH, KOHTPOJIS M MPOTHO3a. DTy
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MOCIIE0BATEIBHOCTh JEHCTBUI (HAOMIOACHHE M OIEHKA, KOHTPOJIb M TPOTHO3) IMPHHSITO
Ha3bIBaTh MOHUTOPUHIOM.

[Tocne pacnaga CCCP Bce MOCTCOBETCKUE TOCYIapCTBa Pa3padOTaiu eqUHBIC CHCTEMBI
rOCy/lapCTBEHHOIO0 MOHUTOpUHTa. [lpm 53TOM B TEPMHHOJOTMM U  KJIacCHUPHUKAIUU
MOHHUTOPHHTA CIIOXKHJICS OOJBIION pa3dpoc M BHISBUIOCH HECOOTBETCTBHE B MOHHMMAHHUU
Lenei, 3agady U METOAOJOTMM MOHHMTOpHHTra. B coBerckoe BpeMs Haubosee yIauHYHO
KJIACCU(UKALIUIO CUCTEM MOHUTOPUHTA OKpYXaromiei cpeanl pan akagemuk W.I1.Tepacumon
(I'epacumoB, 1975). On BbAenuna Tpu OJO0Ka MOHHMTOPHUHTA Ha3BaB MX - OWOC(EpHBIH,
OMOAKOJIOTHMYECKHI (CAHUTAPHBIN) M T€03KOJIOTMYECKHH (MIPUPOIHO-X03AHCTBeHHbIH). Unen
N.Il.'epacumoBa HE MOJYYMUIIM HPAKTUYECKOIO BOIUIOLIEHHUS M JIOJDKHOIO Pa3BUTHUS Ha
TEPPUTOPUU TOCTCOBETCKUX TOCYIapcTB, 3a wuckiodeHneM Kasaxcrana (ITomonbckuid,
Mup3zaaunos, JIsiceHok u ap., 1993).

VsacHeHHe aHTPOIOIEHTPUUECKOTO XapaKTepa TMOHATHS «MOHUTOPHHT OKpPYXKarollen
yenoeeka Cpelpl», pACCMOTPEHUE UEPAPXUU U MHOTOKOMIIOHEHTHOCTH OKPYXarollel Cpelbl,
BBISIBJICHHE II€JieH, 3aad W METOJOJIOTHMH pAa3UYHBIX oOJyiacTeil akomornuu u  chep
MPUPOAONONB30BaHUs  MO3BONWIM  Mup3anunoBy P.A.  BbIenuTh 1iectb  OJIIOKOB
mouutopurra (ITogosnbckuit, Mup3aauno, JlsiceHok u ap., 1993; Mup3saauHoB,
IMomonsckuii, 1995; Ecmomo, Mup3aguno, MapamoBa, 2002). ITo wuepapxuu OHH
pacmojaraloTcs B CICAYIONIEM TMOpsIKe: TeocPepHbIi, OHOchepHBIH, T'€OIKOIOTHUSCKUN,
OMOPKOJIOTMYECKUN, TMPUPOJAHO-XO3AUCTBEHHBIM, CAHUTAPHO-TUTUEHUYECKU. Bricumit
YPOBEHb 3aHMMAET TeoC(epHbId MOHHUTOPHUHT, MPEIOKeHHbIH Mup3aauHoeiM P.A. Hamm
MHOI'OJIETHUE  HCCIEAOBaHUSl  IOJHOCTBIO  COOTBETCTBYIOT mnoaxoxy ['epacumoBa-
Mup3aauHoBa. B naHHO# craThe s paccCMaTpUBaK Mapamerpbl TeochEepHOro MOHHTOPHHTA
Kazaxcranckoii yactu Ilpukacous.

OcHoBHast yacTh

K Kazaxcranckoit wactu Ilpukacnmst  otHocstca nBe oOnactu Kazaxcrana -
ATplpayckas © Manrucrayckas — obuieil miomaapio 284,27 teic. kB. kM, win 10,4% Bceit
TeppuTopun pecrnyonuku. M3 oOumieil uncieHHOCTH HaceneHus AByx oosacteit 850,5 Thic.
yesnoBek (5,3 % oT HaceneHus pecrnyOIMKH), OCHOBHAsA yacThb (650 ThIC. YelOBEK) MPOKUBAET
B TNpUOpexHOW 30HE. OKCIUTyaTalus KacHUMCKUX TPUPOAHBIX PECYpCOB BKIIIOYAET
pPBIOOJIOBCTBO, TPAHCIOPT, CEIbCKOE M JIECHOE XO34WCTBO U, CamMoe€ TIJaBHOE,
He(drerazonoosruy. boinee 90% oOT Bceill PKOHOMHUYECKOW NEATEIBHOCTH OCYIIECTBIISIECTCS
HETOCPEJCTBEHHO B OeperoBoil 30He ATHX objacTel, a Takke B IIeNb()OBOH 30HE MOps, B
npeenax Ka3aXxCTaHCKUX TEPPUTOPUATBHBIX BOJI.

B 1930 rony mmomanes Kacnuiickoro mops cocrasmsuia 422 000 km?. 3aTeM ypOBEHb
Kacnusa nocrenenno manan, npu yposre - 28,5 m (1970 r) mmomans Kacnuiickoro mops
Obula HaMMeHbLIeH M cocraBisuia mpuMepHo 371 000 kMm%, mpu ypoBHE - 28 M IUIOLIa/b
yBemmmumiack 10 378 400 km?. B mocnennue ronpl ypoBeHb Kacmus cocTaBisieT OKOJIO —
26,75 M a omaab ero nmoBepxHocTu - 392600 km?. O6bem Box Kacmuiickoro Mopsi paBeH
78648 kM [6]. To ecTh ¢ HAMMEHBIIel MIomay B 371 ThiC KM’ IIPOM3OLIIO YBEIMYCHHE Ha
21,6 Thic. kM°. B ocHOBHOM, MMeHHO B KasaxcraHckoil uwactu IIpHKAacIusi MPOHM3OILIO
pacmmpenne akBaropuu Kacrius 6osee uem Ha 15 ThIcsS KM,

OcobeHHO maneko BriyOb NPHOPEKHBIX TEPPUTOPUIl MOpCKas BOAA MPOHMKIA Ha
CeseproMm u CeBepo-Bocrounom Kacrum, riae 6epera ouens otinorue. B Cerepo-Boctounom
Kacnuu akBaropusi mops mpojaBunyiack ¢ 1977 r. ma 70 kM Brayosr teppuropuu. M.B.
JluBakoB ([IuBakoB, 1991) paccumrtai, 4To NpH MOBBIIICHUH YPOBHS Mops ¢ -28,0 10 -26,0 M
€MKOCTb Tepputopun BocToyHOM 4vactu CepepHoro Kacmmst oT ycThss Ypama o0 Mbica
BypyHuyk cocraBur 5,5 KM,

VBenuueHne miowmw@aaM  3atamMBaeMbix  Kacnmem  TeppuTOopuii,  3aTOIUIEHUE
MHOT'OYHCJICHHBIX OCTPOBKOB M ILAJIBIT, a TAKKE PACIIMPEHUE IUIOIIAAEH HarOHHO-CTOHHBIX
SABJICHUI TPHBENO K YyMEHbIIEHHIO ansbeno Tteppurtopun Kazaxcranckoro Ilpukacmus
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npuMepHo Ha 10%, W COOTBETCTBEHHOMY BKJIQAy MOaHHOH TEPPUTOPUU B TJI00aIbHOE
HOTEIUIEHHE. YMEHBbUICHWE 3HAYeHHs anb0elo CBUAETENbCTBYET 00  YBEIMYEHUHU
MOTJIOLEHHS COJIHEYHOM SHEPTUH 3€MHOU IMIOBEPXHOCTBIO.

Knumar pernoHa pe3ko KOHTHMHEHTAIbHBIM, HO B Y3KOM HpUOpPEXKHOHN Iojioce OH
HECKOJIBKO cMsATdaeTcs Onarofaps BIMSHUIO MOps. CMArdaromiee BIUsSHIE MOPS BBIPaXKaeTCs
B CHIKEHUU IIOJIOKUTEIBHBIX M IOBBIIIEHUU OTPULATEIbHBIX 3HAUYEHHUI TemIeparypsl
BO3/yXa, a TAaK)KEe B TIOBBIIICHUH BIAXXHOCTH BO3/1yXa Ha mobepexne. TemmnepaTypa Bo3ayxa
jgeroM 31ech Ha 1-2°C Huxe, a 3umMoid Ha 3-4°C Bhlllle, YEM B YAQJICHHBIX OT MOps pailoHaX.
B ATtbipayckoii o0iacTi BEeTpoBasi IEATEIBHOCTh aKTUBHO BBIpaXKEHA B pernoHe TeHrusa u
ITpopBsl. 31ech cpeHne CKOPOCTH BETpa B TEYEHHUE MEepHoa ¢ MapTa 1o Mail 6JIu3KH K 7 M/c,
B OCTaJbHBIC MECSIBI - He HIKe 5,3-6,0 M/c. J{ns paiiona Tenrusa u IIpopBbl 4nciao AHEH C
CHUJIBHBIM BEeTpoM — 42, uisi OCTaJIbHBIX paioHOB OHO Kosebmercs ot 30 mo 37 nHei.
AKTHBHasi BETpPOBasl ACSTEIbHOCTb SIBJISETCS NPUYMHOW pa3BUTHUS NbUIbHBIX Oypb. Tak, B
paiioHe ropona ATbIpay YHCIIO JHEU C MBbUIbHBIMU OYpsIMU COCTaBIIsIET B CpefHeM 26,5 nHeH,
Torja kak B paiioHe Tenrusza u [Ipopsel - 54,4 qHs. OTHOCUTENBHO HEOOJBIIOE KOJUYECTBO
IbUIBHBIX Oypb B ATbIpay CBsI3aHO cO cMsryaromuM BiausHueM Kacnus. B Manrucrayckoit
00J1acTH YMCIIO THEH C MBUIbHBIMU OypsMHU cOCTaBIIsAOT 90 qHE.

[TepHbIe Oypu HAYMHAIOTCS, KaK MpaBWio, mpu ckopoctu Berpa 10-12 m/c. Korga
NPUYHHBI, HEMIOCPECTBEHHO BBI3BIBAIONINE MBUIBHYIO OypIO, HCYE3AI0T, MOIHATAs C 3€MHOU
HOBEPXHOCTH MbLJIb OCTAETCS B BO3yX€ HA MPOTSHKEHUH HECKOJBKUX YaCOB MJIH JIaXke CYTOK.
bonbiine Maccsl IbUIN EPEHOCATCS HA COTHU U THICSIYM KUJIOMETPOB.

3anbpUICHHOCTh aTMOC(hEphl, 10 BEPTUKAIN, MOXKET MPOSABIATHCSA KaK B IPU3EMHOM CIIO€
(PUTBHBIC WJIM TIECUAHBIE TTO3€MKH) M B 00Jie BBICOKHX ClosiX (10 6-7 km). Ilpu ycToitunBoii
cTpaTuduKanuu atMocepsl CIOH NPU3EMHOI0 IMPOrpeBa OrpaHUMYUBAETCS HECKOIBKHUMHU
COTHSMH  METpPOB.  37eCh  4acTo  HAONIONAIOTCS  CHUJIbHBIE  TBUIBHBIE  OypH,
pactipocTpanstomuecs 10 BbicoTsl Bcero 200-300 M, Torja kak Ha OONBIIMX BBICOTaX BO3IYX
OCTaeTCsl COBEPIIIEHHO YHUCTHIM.

3HaYMTENbHbIM NPUTOK coidHeyHOW paauanuu (1o 120 KKan/cM® B Trom) Ha ¢done
CPaBHMUTEIBHO BBICOKOM TeMIlepaTypbl IIOBEPXHOCTHM BOJBI OOYCJIOBIMBAET OOJbIIOE
UCMapeHue ¢ MoBepxHocTH Mops, Ao 1000 MM B rox (T.e. mo 1 M> BOIBI C KakIOTO
KBaJIpaTHOTO MeTpa). B To e Bpemsi KOJMYECTBO BBIMAJAIOUIMX aTMOC(EPHBIX OCaJKOB HaJ
MopeM He npeBbliaeT 200 MM B TOJI, @ y BOCTOYHOTO IOOEpexbs U TOro MeHble - Bcero 90-
100 MM 3a ron. HecmoTpst Ha mpeBblllIeHNE UCHIAPEHUsI ¢ TIOBEPXHOCTU MOpPS HaJ OcCaJKamMu
ypoBeHb Kacnus noBbIIIAETCS U OCHOBHOM MPUYMHOM YEro SBISETCS CTOK peku Boiru.

3a nepuon ¢ 1977 mo 2000 rr. ypoBenb Kacmuiickoro Mopsi MOBBICUIICS C OTMETKH
MUHYC 29 M 10 MuHyc 26,8 M. IIpu 3TOM 3HauuTenpHas 4acThb MOOEPEXbs OKa3aJoCh
3aTOIUIEHHOM, BKJIIOYas pa3IMYHbIE COOPYKEHUS, KOMMYHHKAIUU, MPHUPOJHBIE OOBEKTHI.
[TocnencTBust JOATOBPEMEHHOT'O MOABEMA YPOBHS MOPS YCYT'YOJISIOTCS BIMSIHUEM BETPOBBIX
(IITOPMOBBIX) HArOHOB, XapaKTEPHBIX I modepexbs CesepHoro Kacmusi.

Cunbnble BeTpsl Haj Kacmmem HabmomaroTcs 3/eCh JAOCTaToO4HO dacTo. OHH
00yClIaBIMBAIOT HAroHbl BOJABI Ha MOOEpPEXbEe pa3IMUYHOM BBICOTHI M JUIMTEIBHOCTH,
3aBUCSIINAE OT CKOPOCTH, HAIPABJIEHUS U MPOJOJDKUTEIBHOCTH BeTpa. OnacHble HAaroHbl U
cronbl Ha CeBepHoM Kacnnu nmpoucxogsiT B OCEHHE-3UMHUN U BECEHHUM NEPHOJBI U MOTYT
HaOmonatecst 10 1-2 pa3 B Mmecsu. Ha Cesepo-Bocrounom Kacnuum nen mpensitcTByer
pacrpoCTpaHEHHUIO HAarOHOB, U 3UMOM MX TaM HeT. HaroHnel B BOCTOUHBIX paiioHax CeBepHOro
Kacnust Hambosiee yacto ciaydaroTcs B MIOJIe U OKTSIOpe, SKCTpeMasbHbIe B ampene-mae. B
pe3yJibTaTe HATOHOB YPOBEHBb BOJBI MOXKET MOAHSITHCS Y BOCTOUHOT'O MOOEpexkbs Oojiee ueM
Ha 2 M. B 30HY 3aTOIUIEHUS B TAaKOM CiIydae MOMajgaeT TEPPUTOPHs C OTMETKaMH HIbke -24,5
M. Hawubonee BbicOKME HaroHHble BOJIHBI B MaHrHcTayckor oOJacTH HaOMIOMArOTCS B
3amuBax Kowak (1,9 M), Komcomonbckuit (2,0 M), Ha MONOTUX HPUOPEKHBIX YydacTKaxX
noryoctpoBa byzaum (2,16 M) u copa Meptssiii Kyntyk (2,6 m).
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[Ipu cuiibHOM HaroHe nodepexbe MOKET ObITh 3aToruieHo Ha 20-30 KM OT MOCTOSIHHOTO
ype3a Bojpbl, a uHoraa Ha 50 kM. CieicTBHEM HAaroHOB MOKET ObITh MaccoBas rubesb pblo,
OCHTOCa U PACTUTENHHOCTH. Ha BOCTOYHOM MOOEpek)be HATOHBI BBI3BIBAIOT BETPHI CEBEPO-
3amaJHble U IOro-3amajHble, Ha B3MOPbE PEKHM Ypaa - ro-3amajgHble M CEBEpPO-CEBEPO-
3anaanble. CHIIbHBIE CTOHHBIE BETPHI MOTYT IPUBOAUTH K MOHMKEHHUIO YPOBHS Mops Ha 1,5 M
(B 1952 r. orMeuanoch MOHWKEHUE HA 2,5-3 M), YTO COMPOBOXKIACTCS OCYIICHHEM JHA HA
paccrosauun 10 10-15 kM 0T moOCTOSHHOrO ype3a Boabl. B Ooiee Tiay0OKHX MecTax,
Kose0aHusl ypOBHSI MOPs, CBSI3aHHBIE C HATOHAMU U CTOHAMH, CYILIECTBEHHO MeHbIe (1,3 M B
menbdoBoii 3oue u 0,8 M B Ypanbckoii 6opo3aune). CpenHsis Tpoa0KUTEIFHOCTh CTOHHO-
HaroHHbBIX SIBJIEHUN COCTABJISIET OKOJIO 5 AHEH.

Cuuraercsa yto ceiicMuueckas akTuBHOCTh B CeBepHom Kacnuu ne Benmka. CeBepo-
BOCTOYHAs yacTh Kacnuiickoro Mopsi ¥ NPUMBIKAIOIINE K HEW TEPPUTOPHUH, PACIIOJIOKEHHBIE
K ceBepy oT TypkmeHncko-IIpenkaBka3ckoro riyOMHHOTO pa3ioMa, CUUTAIOTCS OTHOCHUTEIBHO
CTaOWJIBHBIMU U COTJIACHO ceiicmMuueckomMy paiionupoBanuto mo CHI', oTHeceHsI k palioHaMm
CECMUYHOCTBIO MeHee 6 OamioB. Tem He meHee, noxe Kacnuiickoro Mopsi pecTaBiiseT
TEKTOHMYECKYI0 BhmaauHy. Kacnuil paszgeneH rpaHuuaMu IUIMT, KOTOPbIE COOTBETCTBYIOT
rnoporam, OTIEISIOMMM pasznuyHbie yactu Kacnwmiickoro mopst apyr ot apyra. C
TEKTOHHYECKOW TOYKM 3peHusi rpanuna mexnay Cpemnum u FHOxueim Kacnuem Oonee
aKTUBHAs. BOJBIIMHCTBO 3EMIICTPSACEHHI OTMEYEHO BJOJL IIBOB IO TPaHULE MEXIY
Cpennum u IOxubiMm  Kacnmem, 1€ BBICBOOOXKIAETCS TEKTOHUYECKOE HAIpsDKEHUE.
OTrojsocku 3THX 3eMIIETpsICEHUM, Mpoucxonamux Ha KaBkaze u B IOOKHOW dYacTu Mops,
noxonar 1o Cesepnoro Kacnus, B yacTHOCTH, 10 TEHIH3CKOro MeCTOpOKIeHuUs, CUIION B 1-2
Oaa.

W3meHeHns HampssKEHHOTO COCTOSIHUSL TMOPOJA MOTYT TIPUBECTH K OOpa30BaHUIO
TEXHOTSHHBIX 3EeMJICTPSCEHUH, WHOTJa KaracTtpopudeckux. OdUarm TakuX 3eMIICTPSCECHUUN
OOBIYHO TPHUYPOUYEHBI K 30HAM COUJIEHEHHS TNIyOMHHBIX paznomoB (I"azmm), k mosicam
ByJIKaHU4YeCKOW akTuBHOCTU (CaxaliuH), K 30HaM COWIECHEHHs TIaThopM M CKIIAT4aThIX
obnacreii (KaBka3). OcoOeHHO BelrKa BEPOATHOCTh BO3HUKHOBEHHUS TAKHX 3E€MIIETPSICEHUI
IpyU  HapylIEHWH  paBHOBECHMS B  KapOOHATHBIX  KojuiekTopax  (AcTpaxaHckoe,
Kapauaranakckoe, OpeHOyprckoe Ta30KOHJIEHCATHbIE MECTOpOXKIeHUs). Bo3Hukaromue
TEXHOTCHHBIC TEKTOHUYECKHE TOJBMXKUA MPUBOAAT K MPOCETAHUIO 3E€MHOM IMOBEPXHOCTH,
KOTOpbIE MOTYT jfocturath 5-32 mM. [lo mocnenHeil cxeme ceCMUYECKOTO pallOHUPOBAHUS
Pycckas mmardopma, cocraBHOWM YacThio KoTOpou sBisieTcss [lpukacnuiickasi BHajguHa,
OTHECEHA K TEPPUTOPHSIM, IJI€ BOSMOXKHBI 5-7 OajbHbIe TEXHOT€HHBIE 3€MIICTPSICEHHUS.

['eomnaamuueckuit MOoHUTOpUHT AcTtpaxaHckoro I'KM mokazan, 4ro Ha ydacTKax
MECTOPOKICHHs,  TOJABEPTrHYTHIX  Haumboiee  HMHTEHCUBHOMY  OTOOpY  (prrouIoB,
3a)UKCUPOBAHBl MAaKCHUMAaJbHbIE KOHIICHTPAIMM SMaHAIMK (PAaJlOHOBBIE U TEIIHEBBIC
aHOMAJIMM), TPUYPOUYEHHBIE K TEKTOHUYECKMM HapylIeHUsIM. 3a TnoclieqHue 6 JeT
HaOII0AI0TCS OCEaHKe 3eMHOM MmoBepxHOoCcTH A0 6-11 MM/rox (ckBakuHa 104). Yka3zaHHbIe
MUJUTUMETPBl CMEIICHUH 3TO JIMIIb Ha4dalo BO3MOXKHOTO HMHTEHCHBHOTO Jae(opMHpOBaHUS
mopoa. OcenaHue 3eMHONW TOBEPXHOCTH CBS3BIBACTCSI U C COBPEMEHHOW AaKTHBHOCTHIO
pasnoMoB. He BbI3bIBa€T COMHEHHUS TOT (PAKT, 4TO HA ()OHE BO3SMOMKHBIX HEOTEKTOHHYECKHX
JBIDKEHUW W YBEIIMYUBAIOIINXCS OTOOPOB TUIACTOBOTO (hJIIOMA, HAIMYKE OOJBIIOr0 Yucia
TEKTOHUYECKNX HAPYIICHWH B TMPOIYKTHUBHOW TOJNIIE W HAJCOJEBBIX OTJIOKECHHSX, Oyaer
YCUIJIMBAaTh OMACHbIC reosiornueckue mpouecchl (Ymmpiesa, 2004).

Ha HekoTOphIX MECTOPOKIEHUAX MPOSBISETCA TECHAs CBSI3b MEXAY U3MEHEHUSMH BO
BpeMeHH o0BbeMa 3aKaunBaeMOW BOJBI B IUIACTHI W M3MCHEHHSIMH PEXHMa CEHCMHUYECKOU
aktuBHOCTH. Hampumep, Ha Kymaarckom nHedTssHOM MectopoxaeHun (TypkMmeHHCTaH),
MIPOM3O0IILIO 3eMJIETPSICEHUE C MarHuTyaou 5,7 u ¢ odarom Ha riayoune 7-8 km (1984 1.).
CelicMudeckue COOBITHS TPOMCXOAAT TaKXKEe TMPU PE3KOM TOHIKEHUU JIaBIICHUS B
BOJIOHANIOPHOM cHUCTEME B pe3ysibTaTe 0TOOpa OOJIBLION MacChl YIieBOIOPOAOB U CHHKEHUS
Harpy3kd Ha KpPUCTAITMYECKHE TMOpoasl (yHZaMEHTa, HAXOAMBINHECS B KPUTHYECKHU
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HanpsHKEeHHOM cocTosiHUM. Tak, Ha PomamkuackoM HedTssHOM MecTopoxaeHuu (Tarapcran),
I7ie MPOAYKTUBHBIE IUIACTHI 3aJIeraloT Ha INIyOMHE 10 2 KM, TMIOLEHTPBI 3eMJICTPSICEHUN
HaXOAWINCh B BEpXHEH YacTH KPUCTALUIMYECKOTo (yHIaMeHTa, Ha IiyOouHax 3-5 KMm.
TexHOreHHble 3€MIIETPSACEHMs] HMHOTJa ObIBAIOT pa3pylIUTENbHBIMU. Tak, celicMUYecKue
coObITus, npoucweamue B 1976 nu 1984 romax Ha 'a3mMMHCKOM Ira30BOM MECTOPOKIECHUU
(Y306ekucran) nmenu marautyny 6,8-7,3 u cuiry 8-10 6amios.

3eMiIeTpsICeHUsl, WHHUIMUPOBAHHBIE pa3pabOTKONW MecTopoxaeHui HedTH u rasa,
IPOUCXOJAT KaK B CEMCMOAKTMBHBIX pailoHaX, Tak W B IIaTGOpMeHHbIX oOnactsax. Ha
wiatopMax OHHM BBI3BIBAIOT TMOBPEXKIEHUS Ha 0ojee 3HAUMTENBHBIX IUIOIAISNX, YeM B
CEMCMOAKTUBHBIX palloHaX M MOCIEACTBHUA OT TaKUX 3€MJICTPSICEHUH MHOIJAa HMEIOT
karactpopuyeckuit xapakrtep. Tak, B Bouro-Ypanbckoil HedTerasoHOCHONH NPOBUHIIUU
TE€XHOT€HHO-UHIYLIUPOBAaHHbIE  3EMJICTPSICEHUS  JOCTUTrallU CHJIBI 7 0aJu1oB.
['eoguHaMuuecKue COOBITHS, CBSI3aHHBIC C Pa3paOOTKONW MECTOPOXKACHHI YIIIEBOJOPOJIOB,
OPOSIBJISIIOTCS HMHOT/IAa B BUJAE TOPU3OHTAIBHBIX CIBUIOB MAacCHBOB TOpPHBIX IOPOJ U
IPUIIOBEPXHOCTHOIO pazioMooOpa3oBanusi. CHocoOCTBYeT 3TOMY SIBICHHMIO HAaJIWYUE B
paspes3e MaJOMOIIHBIX (JAE€CATKH METPOB) PETrHMOHAIBHO BBIIEPYKAHHBIX TJIIMHUCTBIX CIIOEB,
UTPAIOLIUX POJb «CMa3KW» JJIsi TOPU3OHTAJIbHBIX CMEILICHHUH BbIIE3AJIEraloNX IUIaCTOB.
AHaim3z u  o0oO0leHue OOWMPHOrO Marepuaja [0 pa3BUTHUI0 M MPOSBICHUIO
F€OJUHAMUYECKUX M  CEHCMHYECKMX COOBITUH 1pu  pa3paboOTKe MECTOPOXKIACHUMN
YIJIEBOAOPOAOB O3BOJIMII HCCIe10BaTeNsIM 3Toi mpobsiemsl B Poccuu u 3a pybexoM caenatb
ClleIyIole OCHOBHBIC BbIBOIbI (Bapranss, Kynukos, Cemenosuy, 2000):

- 3eMJIeTpsiCeHHUs B He(PTEra3oHOCHBIX pailloHaX II0 CBOEH MpHpoae SBIAIOTCA
TEKTOHUYECKUMM, HO MPOSBIICHUE UX UHUIIMMPOBAHO pa3pabOTKOI MECTOPOXKIACHUM HEPTH U
ra3a. Bo3HUKalOT OHM Kak IpU MHTEHCHMBHOM OTOOpE YIJIEBOJOPOJOB, TaK M IPH 3aKauke
KUAKOCTHU U1 OAJEPKAaHUS TUIACTOBBIX JIaBJIEHUH C LI€1bI0 MOBBIIIEHNS HE(PTEOT1auH;

- MOJIOKEHHE OYaroB TEXHOICHHO-WHUIMMPOBAHHBIX 3EMIIETPSICEHUM ONpENeIseTcs
JTU3BIOHKTUBHBIMU HapyIIEHUSMU;

- MarHuryjga ceMCMHUYecKMX COOBITHMI 3aBHUCUT HE TOJIBKO OT €CTeCTBEHHOU
HANPSDKEHHOCTH HEJIp, MHTEHCUBHOCTH M JJIUTENIBHOCTH pa3pabOTKU MECTOPOXKIEHHUS, HO U
OT MecTa M TJyOMHBI DPACHOJIOXKEHMs odara 3emiieTpsceHus. [Ipm HaXxoXIeHHH ero B
BOJIOHE(TSHOM pe3epByape WJIM B HEMOCPEICTBEHHOW OJMU30CTH OT HEro MarHuTyla He
npeBbIIIacT 3,5, a IpU pacloIOKEHUH Oovara BBIIIE WM HIXKE pE3€pByapa MarHUTYAAa MOXKET
nocturath 4- 4,5 u 6oiee.

B Tarapuu, Hanpumep, riae A00b4a HeTH BEAETCS Y)KE JI0JIrOoe BpeMs, B pailoHe
PomamikuHCKOTO HE(QTSIHOrO MecTOpOoXaAeHUs C ceHTs0ps 1986 r. mo sHBapp 1989 T.
3apeructpupoBano 198 semnerpsicenuit cuoii 1o 10 kimacca (I'ony6os, 1992).

Texronnueckas BraguHa Kacnmiickoro Mops 3To HauOojee MOTrpyKeHHas 4YacTh
ruraitckoro Apano-Kacnuiickoro nporu0a, KOTOpbIii OOBEIUHSET FOr0-BOCTOYHBIM Yroi
npeBHelr BocTtouno-EBporeiickoit minaTdhopmbl, 001acTh COWICHEHHS] MOJIOBIX TypaHCKoO U
Ckudekoit mr n Kapkazo-Konernarckuif cerMeHT mosica aJbIUHCKONW CKIIAJIYaTOCTH.
O6ocobnenne nporuba B HOBeWIee BpeMs €lle HE 3aBEpIIEHO, B Pe3yJIbTaTe Yero MMeeT
MECTO HAINpsHKEHHOE COCTOSIHME HEZP U BBICOKAs TEKTOHWYECKAs aKTUBHOCTh. HampsokeHHoe
COCTOSTHUE HEJp U TEKTOHWYECKas: aKTUBHOCTb, COIPOBOXKIAIOLIASICS MEPECTPOMKON Henp,
MOPOXK/IAI0T HEYCTOMYMBOCTh (DIFOMIO0AMHAMHUYECKUX CHCTEM W YYBCTBUTEIBHOCTh HX K
pasHoro pojaa Bo3myiueHusM. B Ilpukacnuu B pesynbrate HempepblBHOW OTKauku HEPTU U
raza oOpa3oBajics MOSC JeCTaOMIN3aLUU HE/p, CBA3aHHBIN ¢ BO3JEHCTBUSIMHU yenoBeka. Ero
pasButHe mpetepreso asa stana (['onybos, 1992).

[TepBoiii aTan mauicst ¢ 1847 mo 1959 r. u Havancst ¢ OypeHus MepBOi CKBaXXKMHBI Ha
Ammeporckom moiyoctpoBe. K koniy XIX B. HedTsHBIE pa3paboTKM Hayalnch B
npuMmopckoil yactu [larecrana, B 3anagHoil Typkmenuun u B CeBepHoM Ilpuxacnum. Yxe
TOTJa MOSBUINCH IEPBbIE IMPHU3HAKU IOCIEACTBUN MOIIHOTO BMENIATENbCTBA YEJIOBEKA:
HAYaJIUCh TPOCAIKU TPyHTA, OOBOJAHEHHE NPOIYKTHBHBIX IJIACTOB, BBHIOPOCHI IE€CKa U3

257



CKBaXWH. [ TyOWHBI BO3ACHCTBHSI B 9TO BpeMs HE TMPEBBIMATN 3 KM, BCKPBIBAIUCH, Kak
npaBwio, ciaaboHanopHble GIOUI0IUHAMUYECKHE CHUCTEMBI, (OPMUPOBAIUCH BOPOHKHU
JENPEecCUuy, UCTOIIAINCh BOJOHOCHBIE TOPU30HTHI BEPXHHUX I'MJIPOr€OJOrMYECKHX ITaxKeH,
YeMy CIIOCOOCTBOBAJIO TOSIBJICHHE TIYOMHHBIX HAacOCOB, TYpOMHHOIO criocoba OypeHus u
raznu¢ra. OKOHUAHHE NIEPBOTO ATANa XapaKTEPH30BAJIOCh TEM, YTO HAPSAY C PACHIMPECHHEM
wiomanaed U 00bEeMOB  JIEIPECCHOHHBIX  BOPOHOK, Haudajgach  pa3repMeTH3anus
BBICOKOHAIIOPHBIX  (DIFOMIOIMHAMHYECKUX CHCTEM C aHOMAalbHO BBICOKHM IUIACTOBBIM
JaBJICHUEM, II03TOMY KOHEI[ MEepBOro JTana XapaKTepU30BaJCS PE3KUMH H3MEHEHUSIMU
(hIFOUI0TMHAMUKYI HEJIP.

C nauanom Broporo 3tana (1960 r.) yemoBek pe3Ko pacuIupuiI MacIITa0bl TEXHOTCHHBIX
Bo3zaelicTBUil. HOBBIM (akTOpoM MOIIHOTO BO3ICHCTBHS Ha HEApa SIBHIUCH SJICPHBIC
noja3emMHble B3pbIBbl. B [IpukacnuiickoM pernoHe u ero oopamieHHH, Ha4MHasl C CEPEIUHbI
60-x roJoB, 3TH B3PBIBBI MUCIOJIH30BATIKMCH JJIS CO3/aHUS MOJ3EMHBIX €MKOCTEH B COJISIHBIX
kynonax (AcrtpaxaHnckuii cBoj - 15 B3pbiBoB B 1980-1984 rr., kymon bonbmoit Asrup - 17
B3pbIBOB B 1966 - 1979 1r., 3 B3phIBa BOMM3H Opendbypra B 1970 - 1971 rr., 6 B3pHIBOB
BOM3u Ypanbcka B 1983 - 1984 rr.), ans co3nanus npoBaibHBIX BOPOHOK (MaHTrbIIIIaK - 3
B3pbIBa B 1969 - 1984 1T.) 1 115t TIyOMHHOTO CEHCMUYECKOTO 30HAMPOBAHUS - 6 B3PHIBOB B
1972 - 1987 rr. Bnons npoduneit dmucra-by3ynyk, Kambimun-I'ypses, Dnucra-Kapkambic-
OMmba-Kymmypyn. Takum oOpazom, Obuto mnpomsBeacHo 50 MOA3EMHBIX SIIEPHBIX B3PHIBOB.
Kpome Toro, nmpou3BOAMINCH B3PBIBBI M B BOCHHBIX HENsSIX. B pe3ynbTaTe TaKUX MOIIHBIX
BO3JECHUCTBUM U YK€ HE TOYEHHOM, a MECTAMH TUIOLIAIHOW pa3repMeTU3aluy 30H aHOMAJIBHO
BBICOKHX IJIACTOBBIX JIaBJIeHUH, B 60-X rojax Havaja MOBBIIIATHCS YPOBEHb MOJA3EMHBIX BOJ B
BEPXHHUX TOpU30HTAaX. Bcien 3a 3TuM mocniefoBail pocT CEHCMUYECKOM aKTUBHOCTH B
3amagHoi 4acTu Mmporuda, y4acTHIIMCh BBIOPOCHI TPSA3EBBIX BYJIKAHOB, M 3apOJuiach BOJIHA
nedopmanuii, KoTopas BO3HUKIIA Ha AIIIEPOHE - B CAMOM CTapoM paiioHe HeTemo0bn, U
JBUTANIACh M3 00JAaCTU aNbIIHICKON CKIQAUYaTOCTH HA CEBEPO-BOCTOK B CTOPOHY MOJIOJBIX U
npeBHUX miatgopm co ckopocTthio 50-60 km/roa. Takum oOpazoM, MacIITabbl TEXHOTEHHOMN
necrabunuzanuu HeAp Apano-Kacnuiickoro mporuba mpuoOpenu yxe He JTOKaIbHBIN, a
PETHOHAIBHBIN XapaKTep, COU3MEPUMBIN € NPUPOJHBIMH TEKTOHMYECKHMHU IpOlleccaMu
(Comy6oB, 1992). [TIpumepom 3TOMY SIBJISIETCS 3eMIICTPSICEHHE aMIIUTYA0H OKOJIO 5 6asios,
npowusoteniiee B anmpene 2008 roga 6nu3 Kapauaranaka.

[Ipu celicMuyeckoil aKTUBHOCTH M3 MOBBIIIEHHO TPOHUIIAEMBIX PA3JIOMHBIX 30H 36MHOU
KOpBl BBIXOJST JHUTOCEpHbIE BOJIBI M Ta3bl (PaloH, BOJOPOJN, YTJIEKUCIOTHI, METaH,
CepoBOIOPOA, Tapel PTyTH H 1p.). Ilo HexoropeiM HabmonaeHusM (Jromsun, Eropos,
CanoxnukoB, 2006), ceificMuueckass aKTHUBHU3AIMsl PErMoOHa TMPUBOJUT K  3aJIOBBIM
3arpsi3HEHUSIM OOILITUPHBIX PAallOHOB MOPSI - TIOSBIECHUIO MATEH HE(PTENPOIYyKTOB pazMepamMu
cebire 30 kM? Ha ANIIEPOHCKOM MOPOTe W aKTUBU3alMK TPU(POHOB HA IOTO-3arajie Mops. Y
BocTouHOoro Oepera Cpemnero Kacmus Bo BpeMs akTuBHOro amBenunra 13 wurons 2004 .
cnenuanuctamu KACITHMPXa 3adukcupoBaH MaccoBbI 3aMOp KHJIBKM M TOBBIIIEHHAS
MYTHOCTb MPUJOHHBIX CJIOEB BOABL. [Ipu 3TOM B COTHSX KMUJIOMETPOB OT AaHHOro paiioHa 11
noig 2004 1. mpomsonuio 3emuerpsceHne. Han  paznomamm, uaynmuMmMum OT odara
3eMJIETPSCEHHUs, HAONIOMAaNUCh JUHUAMEHTHBIE CEHCMOreHHbIe o00llaka, B BOJaX HaJ
ATIIIEPOHCKUM TOPOTOM TI0 PaTUOJIOKAITMIOHHONW WH(pOpManu HAOII01aICcss OOJBION CIHK,
OYEeHb BO3MOJKHO, YTO 3TO ObUIM HeTenpoayKThl. [I9THO HedTH Ha ANIIEPOHCKOM HOpOre,
3adukcupoBaHHOe B TOM ke mecTe 13.05.1996 r., BO3MOXXHO, Takke ObUIO O0YCIOBJICHO
akTuBHM3anuen rpudonHoB, Tak kak 08.05 u 12.05.1996 r. Ha KaBkaze 3aperucTpupOoBaHbI
semietrpsicenns. Ha roro-zanmage Kacnus 13.05.1996 r. Bmaim OT CYJOXOIHBIX IMYTE€H H
He(PTENPOMBICIOB HAOIIONATNCH CIUKU B BUJE KPYTOB, MOJIOC pa3MepoM 5-20 KM, IUPUHOM
1o 1 kM. Anajornynsie o opme CIUKHA B 3TOM paiioHe Kacnus oka3zamuchk mpuypodeHsl 1O
BPEMEHH K 3aperHMCTPUPOBAHHBIM B peruoHe 3emuerpsiceHusM (JlromBuH, Eropos,
Canoxunkos, 2006).
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Mecrtopoxxnenus Hedtn M raza Ha BocTOYHOM moOepexne CesepHoro Kacous
OTJIMYAIOTCS CJIOKHBIMH YCIIOBUSIMU UX TOOBIUU. DTO IIyOOKOE 3ajeraHue MpOAyKLIHOHHBIX
TOPU30HTOB, AHOMAJIBHO BBICOKOE IIJIACTOBOE JaBJIIEHHUE, NPUCYTCTBUE COEAMHEHUN CEpBI
(cepoBOZOpOl, MepKanTaHbl, CylbOUIbl U Ap.). AHOMAIBHO BBICOKOE BHYTPHUILIACTOBOE
JABJICHUE SBJIAETCS HCTOYHUKOM TEXHOIEHHBIX OCJIOXKHEHMHM IpU AKCIUTyaTallud 3THUX
HE(TSIHBIX U Ta30BBIX MECTOPOXKAeHUH (AliTamues, AnuMikaHoB, Bekciep u ap., 1991), B Tom
qyucie U TeHru3ckoro.

Pa3meps! 3anexu TEeHru3cKoro MEeCTOpOXXKACHUs COCTABIAIOT 21x20 KM ¢ aMIUTUTYI0M
nopsinka 1000 m. I'mybuna 3aneranus npoayktuBHoro ropusonta 4050-5300 m. MomtHoCTh
HedrssHoro rtopusonta 300-1152 wm. IlmacroBoe paBiaenue 830-900 artm., 1uTactoBast
temneparypa 120-125°C. Bpicokoe BHYTPHUILIACTOBOE JAABJIEHUE IPUBEJIO K TEXHOINEHHOU
karactpode reochepHoro ypoBHsA. DonTaH Ha ckBaxuHe Neo 37-TeHrus BO3HHK TIpH
BCKPBITHH TPOJYKTUBHOTO TOPU30HTA Ha Tiayonne 4467 m. daken razoHeTIHOTO BHIOpOCa
ropen 398 cyrok ¢ 24 utonst 1985r. no 27 utons 1986r. BeicoTta cronba niamMeHu B TeUEHUE
4-5 wmecsueB gocturana 180-200 m, a 3areM MOCTENEHHO CHIIKANACh, JIMAMETP CTOJ0a
wiamenu jpocturan 50 m. TemmepaTypa Bo3lyXxa B pallOHE YCThsS TOpPEBIIEH CKBa)KUHBI
nocturana 180-200°C. Temmeparypa IOUBH y yCThs TopeBiieil ckBaxunel gocturana 410°C,
B CpeaHeM 260-3800C, WHOTJAa TMpU JOXKJIE CHHXKalach [0 140°C (becriamMsaTHOB,
borymesckuii u ap., 1975).

CogepxaHue CEPHUCTOTO ra3a MPEBBIIANIO0 CAHUTAPHYI0O HOPMY Ja)K€ Ha PACCTOSIHUU
1m0 100 xm, a B moc. Capsikambic U B paauyce 15-30 km ot dakena [1/IK nmo stomy rasy
npesbimanace ot 25 a0 45 pas. Kpome SO; - rmaBHO# cocTaBisionieil IpoAyKTOB FOpEHUS
razoHe(TsHOTO (hakera Ha CKBaOXKHHE 37, B 3arpsa3HEHMH aTMOC(Epbl M IOACTHIIAIONICH
MOBEPXHOCTH, XOTb W B MeHblIeH creneHu, urpanu poiab CO (yrapHbelii ras), caxa,
HECTOPEBIIIME OCTATKH YTIEBOJOPOAOB U cepoBomopona (H,S) m apyrue coemuuenus. B
pesyibTare aBapuM Ha ckBakuHe Ne 37 u BocmiiamMeHeHUs razoHe(drsHoro BbeIOpoca B
Te€4eHHEe MOoYTH 14 MecsleB MPOUCXOAUIIO 3arps3HeHHne reocdepbl BEIOpocaMu - IPOAYKTaMU
rOpeHust OTKpbITOro (poHtana B paguyce 100-150 kM OT yCThsl CKBa)KUHBI.

Bonwmmoit ymep6 Hanec (daxen ropsmed ckBakuHbl Ne 37 mepeneTHbIM nTuiiam. B
HOYHOE BpeMs Qaxesl Ha ckBakuHe Ne 37 kak MarHuToM TsAHYJ K ce0e NpoJieTaBIIue CTau
ntull. OHU MOJHHEHOCHO BTATMBAINCH B MuiaMs. [ITHUIIBI Hcye3anu JIuIllb Ha MCHOBEHUE, TYT
&Ke ¢ Jpyroil cTopoHbl (pakena MX ToOpslIve Tena BbIOpAchIBAIO B TEMHOTY, CIOBHO CHOII
uckp. Iloxcuurare oOmiee KOJWMYECTBO TMOCTPAJaBIIMX M  CrOPEBIIMX NTHI HE
IIPEJICTaBISIOCh BO3MOYKHBIM.

[To mpuOIM3UTENBHBIM MOJACUETaM 3a BpeMs ropenust (axena ¢ 24 utona 1985r. o 27
utonst 1986r., T.e. OGomee 13 mecsaueB, Ha ckBaxuHe 37-TeHrus BeIropeno okono 1,7
MUJIIMAP/I0B KyOOMeTpoB rasa u 3,4 MiH. TOHH (wid 4,25 MITH. M3) HedTu. OpHUEHTUPOBOYHO
ObU10 BBIOpOIIEHO B atMocdepy 340 miH. M® i Gomee 516 Thic. TOHH CEpOoBOJIOPO/A,
KOTOPBIN MPEeBPATHIICS B ropsiieM (akesie B Takoi ke 00beM ceprucToro anruapuna (SOy),
BECOM MOYTH B MIIIHOH TOHH (Tounee 972 Thic. T). Kpome toro, B atmocdepy ObuLIO
BbIOpomieHo npu 70% mnonHoTe cropaHus 6ojee 1 MiIH. T yrieBoaopoaoB u He MeHee 900
ThiC. T caxku ([{uapos, Epramues u ap., 2003, 2009).

BriBoabI

B pesynprare pamkupoBanus reocdepHbIx mnporeccoB B Kazaxcranckom Ilpuxacnuu,
MIPOBE/ICHA OLIEHKA WX BKJaJa B JMHAMHUKY OKpPYXalOLIEH Cpellbl, COTrNIACHO pe3yJbTaTaM
KOTOpOM:

- KOJMYECTBO JHEH c mbUThbHBIMU Oypsimu B Kazaxcranckom Ilpukacnum, B KOTOpbIE
MUWIJIMOHBI TOHH MBUIA MOJHUMAIOTCS B BO3AYX M MEPEHOCATCS HAa OTPOMHBIE PACCTOSIHUA,
JIOCTUTAET JIEBSIHOCTA;
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- pocratrouHo yacto B Kazaxcranckom Ilpukacnum HaOMIOJarOTCS CUIIBHBIE BETPHI,
BBI3BIBAIOLIME HArOHbl BOJbI PA3JIMYHOM BBICOTHI U JUIMTEIBHOCTH B 3aBHUCUMOCTH OT
CKOPOCTH, HaIllpaBJIEHUS U MPOJOJIKUTEIBHOCTH BETPA;

- yBenMYeHWe IUiomiagel 3arammBaemblx Kacnmem Teppuropuii, 3aronsieHue
MHOT'OYHCJIEHHBIX OCTPOBKOB M ILAJIBIT, a TAK)XKE PACIIMPEHUE IUIOIIAJEH HarOHHO-CTOHHBIX
SBJICHUM IpHUBEJIO K YMEHbIIEHHIO anbbeno teppuropun Kaszaxcranckoro Ilpukacnus
npumepHo Ha 10%;

- celficMuyecKas aKTHBM3allUs IOBBIIIEHHO-IPOHULAEMBIX PA3JIOMHBIX 30H 3€MHOM
KOpBI IPUBOJIHUT K BBIXOJly Ha MIOBEPXHOCTh HE(PTH U rasa, 3arps3HAIOmuX akBaTopuio Kacrus
Y IIPUBOJSALIMX K TMOEIN MOPCKUX KUBOTHBIX U ITHIL;

- TEXHOT€HHOE BO3JICHCTBHE NIPpU pa3padoTKe He(YTETra30BbIX MECTOPOKICHUN YCKOPSIET
IpOLeCChl TeOJUHAMMKM M HMHULIUHMPYIOT (OPMHUPOBAaHME MPOCATOK M 3EMIICTPACCHUH
(mpuMepoM 3TOMY SIBIISIETCSL 3eMIIeTpsceHue, npousomenmee B amnpene 2008 roga Omm3
Kapauaranaka);

- TEXHOTEHHBIE aBapHH, NMOJ00HBIE npouceamuM 24 utoHs 1985 r. Ha ckBaxune 37-
Tenrus, oka3pIBalOT Ha OKPYXAIOIIyIO cpely Bo3JeicTBHE TIi00anbHOro (reochepHoro)
YPOBHS.
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rojga

PE30JIIOIIUA KOH®EPEHIIUN

B cootBerctBum ¢ pekomenganusimu 14-it Ceccun KACIIKOM 19-20 oxts6pst 2010
B I'. ACTpaxaHu COCTOsUIaChb MEXIyHapojaHas HayuyHass KoH(pepeHMs «V3MeHeHUs

KIIuMaTa U BoJHOTO Oanmanca Kacnuiickoro pernonay. B pabore koHpepeHIINN ydacTBOBAIH
yaeHble u3 AzepOaiimkana, Mpana, Utanuu, Kaszaxcrana u Poccun, mpeactaBuTeIn MECTHBIX
OpPTraHOB BIACTH, OM3HEC-COOOIIECTBA M OOMIECTBEHHBIX OPTaHU3AIIHA.

Ha xondepenuun Obuto mnpeacraBieHo S50 yYCTHBIX W CTEHIOBBIX JOKJIAJOB,

OCBEIIAIOIIUX COBPEMEHHOE COCTOSHHUE KJIMMara U BoJHOro Oaanca Kacnuiickoro pernosa,
NPUYUHBI U TIOCIEACTBUS WX H3MeHeHuid. OOCYIUB MpeCTaBICHHBIC AOKIAbI, YIACTHUKU
KOH(EPEeHIIMH MPUIIUTH K CJICTYIOIITUM BBIBOJAAM:

1.

2.

3.

4.

[Ipucymue KacnuiickoMy permoHy B CHIy €ro reorpauueckoro moJ0KeHUs
KoJIeOaHUsI KIIMMaTa M BOJHOTO OajlaHca OTJIMYAloTCsl 00IbImuM pa3maxoM. [Ipu sTom
nepexo/i KauMaTa U BOJHOTO OajaHca U3 OJHOTO COCTOSIHHS B IPYroe, Kak MpaBHiIo,
HOCHUT OBICTPOTEUHBIN XapaKTep.

IIpuponHble cuctemMbl M SKOHOMHKA KacnuiicKOro permoHa 4YyBCTBHUTEIBHBI K
U3MEHEHMsSM KJIMMara M BOJHOro OanmaHca. OKOJIOTMYECKHE M COLMAIbHO-
DKOHOMHUYECKHE MOCIEACTBUSA OTUX HW3MEHEHUM HEOJHO3HauyHbl. B oTCcyTcTBHE
IPEBEHTUBHOM aJlanTaluy yiiepO MOXeT IPUHUMATh KaTacTpo(puuecKHil xapaxkTep.

IIpennaraemble pa3iavMYHBIMM YYE€HBIMM M HAyYHbIMM OpPraHU3alUsMU IIPOTHO3bI
W3MCHEHUI KJIMMaTa ¥ BOJAHOTro OanaHca B KacnuiickoM permoHe TakKe OTIUYar0TCS
O0JBIINM pa3MaxoM MPOTHO3MPYEMBIX NapaMeTpoB. B uwacTHOCTH, mpeanonaraercs,
YTO YpOBEHb MOps B nepuos a0 2025 r. OyaeT HaxoauThes B Ipenenax ot -26,0 1o -
30,0 m BC (B 2009 r. ypoBeHb MOpsi HaxouiIcs Ha oTMeTke -27,16 M BC).

JlanHble HAOMIOIEHUH yKa3bIBAIOT, YTO B HACTOsIIIEE BpeMs KIIMMAT U BOJHBIN OanaHc
Kacnumiickoro permoHa HaxomsTCs B HEYCTOMYMBOM MOJIOKEHHH, U3 KOTOPOrO OHU
MOTYT MEpelTH B HOBOE cocTosiHue. Kakium oHO OyAeT ¢ OmpeneneHHOCThIO CKa3aTh
HEBO3MOXKHO.

C yd4eroM CIOXMBIIEHCS CHUTyallud, YYacTHUKM KOH(QEPEHUIUU PEKOMEHIYIOT

KACIIKOM, HallMOHAJIBHBIM  THIPOMETEOPOJIOTHYECKUM  OpraHu3alusaM, Hay4dHO-
UCCIJIEIOBATEIbCKUM IIEHTPaM, BCEM 3aWHTEPECOBAHHBIM OpraHM3alUsM TPUKACITUHCKUX
roCylapCTB:

1.

2.

3.

4,

[TpuHATE MepBl 111 MOJAEPHU3ALUU CETH THAPOMETEOPOJIOTHYECKUX HAOMIOJCHUN B
KacnuiickoM pernoHe M yiydllleHUS KayecTBa JAaHHBIX, CIIOCOOCTBOBATH PA3BUTHUIO
HaIlMOHAJBHBIX U PETMOHAIBHBIX CUCTEM HMH(POPMALMU O THJIPOMETEOPOIOTHUECKOM
oOcraHoBke B Kacniuiickom pervone.

Ocoboe BHMMaHHE YJEIUTh COBEPUICHCTBOBAHUIO KIMMATHYECKOTO OOCITYKHBaHUS
OpraHOB BJAacTH, MOPCKHUX OTpacied HKOHOMUKH U HAceJIeHUs MNpPUOPEHKHBIX
TeppuTopuii. OOHUM IIyT€Hd NS JTOrO SIBISETCS YCTAHOBJIEHHE U pacIIUpEHHE
COTPYJIHUYECTBA PETMOHAIBHBIX KIMMaTH4YecKuX HeHTpoB B Mockse (Poccus) u
Memxene (Mpan) B 061acTu KIMMaTH4eckoro oociayxuBanus Kacnuiickoro pernosa.
Pacimputh cOTpyAHMUYECTBO MPUKACIUNUCKUX TOCYAApCTB B 00JIACTH HCCIEI0BaHUN
U3MEHEeHMH KIMMarta u BojHoro 6ananca Kacnuiickoro Mops, pUCTYIUTh K U3aHUIO
exeronHbix HayuHbIX TpyaoB KACIIKOM, mnocesmieHHbIX 3TOH mpobieme, ¢
pa3MeIIeHUEM UX B 2JIEKTpOHHOM BHJie Ha caiite KACIIKOM.

YuuThiBas CWIBHYK 3aBUCHMOCTH JKOCUCTEMBbI Kacmuiickoro Mopst OT M3MEHEHHU
KJIMMaTta U BOJHOrO OanaHca, pacmmpuTh coTpyaHundectBo Mexay KACIIKOM wu
KACII9KO 1no k1mMaTudeckoMy OOCITYKHBAaHUIO JEATEIHHOCTH B OOJIACTH 3alUTHI
Mopcko# cpeasl Kacnuiickoro mopsi.
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RESOLUTION OF THE CONFERENCE

In accordance with the recommendations of the 14™ CASPCOM Session, the
international scientific conference “Climate and Water Balance Changes in the Caspian
Region” was held in Astrakhan on 19-20 October 2010. Scientists from Azerbaijan, Iran,
Italy, Kazakhstan and Russia, representatives of local authorities, business and public
organizations participated in the Conference.

50 oral and poster presentations covering the current climatic conditions and water
balance in the Caspian region, and the reasons and consequences of their changes were
presented at the Conference. Having discussed the presented reports, the participants of the
Conference have come to the following conclusions:

1. Climate and water balance fluctuations in the Caspian region have a wide range as a
result of the specific geographical conditions of the region. In addition, the change of climate
and water balance from one state into another is rather sharp in nature.

2. Ecosystems and economics of the Caspian region are highly vulnerable to climate
and water balance changes. Environmental and socio-economic consequences of these
changes are multidimensional and not well-understood yet. The damage can be of catastrophic
range unless the serious preventive efforts for adaptation are undertaken.

3. Forecasts of climate and water balance changes in the Caspian region, offered by
various scientists and research institutions, differ in values of forecasted parameters. In
particular, it is projected that the sea level will change between -26.0 and 30.0 m of the Baltic
system by 2025 (in 2009, the sea level reached 27.16 m).

4. Observation data indicate that currently climate and water balance in the Caspian
region are in rather unstable state, that is quite difficult to predict.

Taking into account the current situation, participants of the Conference recommend to
CASPCOM and national hydrometeorology organizations the following:

1. To take measures for updating the network of hydrometeorology observations in the
Caspian region and improving data quality, to promote the development of national and
regional information systems on hydrometeorology conditions in the Caspian region;

2. Special attention is to be paid to improving climatic services for the authorities,
marine economy branches and population of the coastal area. One option for the solution of
this problem is the establishment and extension of cooperation of regional and climatic
centers in Moscow and Tehran in the field of providing climatic services in the Caspian
region.

3. To extend the cooperation of the Caspian states in the field of research of climate
and water balance of the Caspian Sea, to launch the publication of CASPCOM annual
proceedings, devoted to this issue, and post their electronic version at CASPCOM website.

4. Taking into account strong dependence of the Caspian Sea ecosystem on climate
and water balance changes, to extend cooperation between CASPCOM and CEP in providing
climatic services for national and international activities in Caspian marine environment
protection.
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