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IIpenuciiosue

C 13 no 15 urons 2007 r. B HoBocubupckom Akanemroposke npomnuta bpuran-
cko-Poccwuiickas koudepeHnus «[ uapoorndeckue MocaeACTBUS U3MCHCHHN KIIUMa-
ta» («Hydrological Impact of Climate Change»). Kondepenuus 6su1a nposenena Un-
CTUTYTOM BOJHBIX M 3KOJIOrnueckux mpobdsiem Cubupckoro otnesnenuss PAH no unu-
nuatuBe bpuranckoro Cosera u mpuypoueHa k S50-etuto CHOMPCKOTO OTICICHHS
PAH.

OCHOBHO# 11eTbI0 KOH(EPEHINK ObLIO 00CYKICHUE COCTOSHUS HCCICIOBaHUMA
BIIMSIHUS KJIIMMAaTUYECKUX U3MEHEHUH Ha THAPOJIOrMYECKHE IIPOLIECCHI B PeKax, 03epax
1 BojoxpaHuiuinax. Haydnas mporpamma BKIIIOUYaia cielylOIIne BOMPOCHI: METOIBI
U pe3yJIbTaThl OLIEHKH BO3MOXHBIX THAPOJIOTUYECKUX U3MEHEHHUH B pe3ysIbTaTe U3Me-
HEHMS KIUMara Al TUAPOJIOIMYECKUX OOBEKTOB PA3JIMYHOIO THUMA W MacluTada;
BIUSHUE KIMMATHYECKUX W3MEHEHUI Ha BOIHBIE PECYPCHl U HA BOSHHKHOBEHHE JKC-
TpPEeMaJbHBIX THUAPOJIIOTUYECKUX SIBJICHUH, B YACTHOCTH, NMPUMEHUTENHHO K BOIHBIM
00BEKTaM U THAPOJIOrMYECKUM IIpoLieccaM B IPUPOIHBIX yciaoBusx Cesepa.

B xondepennn npuHMIO ydacTHe 65 BEAYIIMX yUYEHBIX U3 aKaJeMHYECKHX
nHctutyToB PAH, CO PAH u npyrux nay4ssix nearpos PAH, opranuzanuit Pocru-
npomera 1 denepasbHOrO areHTCTBa 1Mo BogHBIM pecypcam MIIP P®. C Gpuranckoii
CTOpOHBI — U3 YHuBepcutTera CayTreMnrToHa, HauroHanbHOro LleHTpa skonoruu u
ruaponorun u komnanuun HR Wallingford. Ha xondepeniuu Obuto 3acimymano 23
YCTHBIX JOKJIa/la ¥ MPEACTABIEHO 6 CTEHIOBBIX JTOKJIA0B.

Comnpencenarenu KoH(MEPEHIINU: ¢ POCCUUCKOHN cTOpoHBI akagemMuk Oner De-
noposrud BacunwseB (MHCTHTYT BOAHBIX M 3Kojormueckux mpodimem CO PAH), ¢ 6pu-
taHckoi — npodeccop Haiimxen Apuenn (Yuusepcuter Cayrremirona). Kondepen-
LUl IPOBOAMIACE NpU (UHAaHCOBOM monaaep:kke Cudupckoro oraenenus PAH, Poc-
cuiickoro (onma (yHmaMEeHTAIBHBIX HccliefoBaHui, bpuranckoro Cosera, Dene-
paNbHOTO areHTcTBa BOAHBIX pecypcoB (MIIP P®), denepanpHOit ¢y 06l O THAPO-
METEOPOJIOTHH U MOHUTOPHHTY OKpYyXaromiei cpeasl (Pocruapomer).

Axkanemuk O. @. Bacunbes [Ipodeccop H. Y. Apuenn
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Introduction

The British-Russian Conference "Hydrological Impact of Climate Change" took
place in Novosibirsk Akademgorodok in June 13—15, 2007. The Conference had been
conducted by the Institute for Water and Environmental Problems of Siberian Branch
of Russian Academy of Sciences (IWEP SB RAS) by the initiative of the British
Council and was dedicated to the 50th anniversary of the Siberian Branch of RAS.

The conference was aimed the discussing the investigations on the influence of
climate changes on hydrological processes in rivers, lakes and reservoirs and the criti-
cal analysis and estimation of the current knowledge on the problem of forecasting the
hydrological impact of climate change. The scientific program of the Conference in-
cluded the following points: modern methods in the assessment of possible hydrologi-
cal consequences of climate change (and variation) for hydrological objects of differ-
ent types and sizes (scales); hydrological impacts as a result of global and regional
climate changes or variability; climate change and water resources; influence of cli-
mate change on extreme hydrological events (river floods, low flow periods, etc.). One
presentation was paid to exploring the above-mentioned issues for hydrological ob-
jects and processes in Siberia and Northern environment.

The leading scientists from the academic institutes of Russian Academy of Sci-
ences, Siberian Branch of RAS and other scientific centers of RAS as well as from or-
ganization of Water Resources Agency (Ministry of Natural Resources of the Russian
Federation) and of Federal Service for Hydrometeorology and Environmental Moni-
toring took part in the Conference. From the British side — from University of South-
ampton, Centre for Ecology and Hydrology, Wallingford and HR Wallingford. The
Program of the Conference included 23 oral and 6 poster presentations. The most of
the papers were presented by the authors for publishing in this issue.

Co-Chairs of the Conference: from the Russian side — Prof. O. F. Vasiliev,
Academician, Institute for Water and Environmental Problems of Siberian Branch of
RAS, from the British side — Prof. N. W. Arnell, University of Southampton. The
Conference was supported by the SBRAS, British Council, Russian Foundation for
Basic Research, Federal Water Resources Agency (Ministry of Natural Resources of
the Russian Federation), Federal Service for Hydrometeorology and Environmental
Monitoring.

Prof. Oleg F. Vasiliev Prof. Nigel W. ARNELL

11



The Implications of Climate Change for Hydrological Regimes and Water
Resources: an Overview

Nigel W. Arnell

Walker Institute for Climate System Research, Department of Meteorology, University of
Reading, Reading, UK
E-mail: n.w.arnell@reading.ac.uk

This paper gives a generalised overview of the implications of climate change
for hydrological regimes and water resources. It explores what we do know (that cli-
mate change will have a significant impact), what we do not know (the magnitude of
that impact and effects on extremes), and what this implies for research and water
management practice.

Introduction

The challenges posed by climate change to water management are well known.
The Fourth Assessment Report of the Intergovernmental Panel on Climate Change
(IPCC) summarised the conclusions of several dozens of studies (Arnell et al., 2001),
and since then well over a hundred papers exploring the potential effects of climate
change on hydrological regimes and water resources have been published in the inter-
national literature; many more studies have been completed and presented in reports
and at conferences. The vast majority of these studies are methodological, or examine
the potential effects of climate change on river flow regimes; very few explore impli-
cations for groundwater, water quality or, indeed, the management of water resources.
The aim of this paper is to provide an overview of the state of knowledge of the poten-
tial implications of climate change for hydrological regimes and water resources. It
addresses three questions:

@) what do we know about the implications of climate change for hydrological regimes and
water resources?

(i1) what don't we know?
(ii1) and what does this imply for what we can or should do now?

There are three reasons why we are interested in the potential impacts of climate
change on hydrological regimes and water resources. The first is in order to ascertain
the extent of the problem: is it a real issue? The second is to inform the development
of strategies to adapt to the impacts of climate change in order to lessen their adverse
consequences and exploit new opportunities. The third is to help inform the develop-
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ment of policies to reduce the emissions of greenhouse gases: can we identify "dan-
gerous" water resources impacts that we want to avoid through emissions control?

The vast majority of studies have concentrated on the first reason, and have
clearly demonstrated that, at all scales from catchment to global, climate change is po-
tentially very challenging and merits further attention. Few studies have considered
what this means for adaptation, which will vary between geographical and institutional
settings. Even fewer studies have sought to relate water resources impacts to climate
policy, and the appropriate scale for such studies is the globe. This paper focuses on
the catchment scale, and on catchment-scale adaptation to climate change.

What do we know about the implications of climate change?

o Climate change has the potential to alter substantially river flow regimes in a
catchment

Virtually all published impacts assessments show substantial changes in either the
volume or timing of river flows in a catchment. For example, Figure 1 shows changes
in average monthly runoff in two British catchments by the 2050s (compared to the
1961-1990 mean). The two catchments are exposed to very similar scenarios, but react
in different ways. The Harper's Brook is in a dry part of eastern England, with a strong
summer soil moisture deficit.

o  Climate change will be superimposed onto natural climatic variability

It is now widely accepted that not only does weather vary from year to year, but
that climate varies from decade to decade. The performance of a water management
system in one decade may be quite different to its performance in another. Figure 2
shows decadal average monthly runoff for a catchment in eastern England, as a per-
centage difference from the 1961-1990 mean. Decadal mean runoff can easily be 50%
different from the long-term average — and in some months much more. The effects of
climate change will be superimposed onto this inter-decadal variability, which may ei-
ther completely mask or exaggerate the climate change signal (Arnell, 2003). A con-
sequence of this is that it may be difficult to detect a clear climate change signal for
several years. However, where changes in temperature are producing changes in the
timing of streamflows, climate change may be visible as early as the 2020s (Dettinger
et al., 2004).

Flows in summer are very much affected by changes in soil moisture conditions
in spring and autumn, both of which become drier under the scenarios considered. The
Greta is in upland England. Relatively small changes in winter rainfall translate into
large changes in runoff, because virtually none of the additional rainfall infiltrates as
soils are saturated through winter; the higher temperatures also mean that winter pre-
cipitation falls entirely as rain, rather than as a mixture of rain and snow, and there is
therefore no spring snowmelt peak. This latter effect is relatively small in temperate
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Britain, but much more significant in snow-affected high latitude and mountainous ar-
eas where peak flows could occur at least a month earlier.

Greta Harper's Brook
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Fig. 1. Change in mean monthly runoff in two British catchments by the 2050s:
UKCIPO02 scenarios
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Fig. 2. Average monthly runoff by decade in the Harper's Brook catchment, as a per-
centage departure from the 1961-1990 mean

o Changes in river flows and recharge may affect water resources over management
time scales

Different aspects of water management operate over different time scales. In
general terms, alterations to water or effluent treatment infrastructure or procedures
can take place relatively rapidly: lead times are short. Alterations to flood defence
standards can in many instances be implemented quickly, but their long design life
may mean that their reliability will change. Some water supply enhancement measures
may be implemented rapidly, but most require long planning times and, like structural
flood defences, have long design lives. Climate change will impact upon the planning
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and performance of such measures. A series of studies in the US demonstrated how
climate change would affect the reliability of hydropower generation, water supply
and the maintenance of environmental standards within the next few years (e.g. Hay-
hoe et al., 2004), and in England, calculations suggested that in some resource zones
reliable yield could be reduced by between 6 and 11% by 2025 (Amell & Delaney,
2006).

What don't we know about the implications of climate change?

e  We do not know the precise magnitude of the effect of climate change at the
catchment scale

Unfortunately, however, the potential magnitude of the effect of climate change
on hydrological regimes and water resources reliability in a catchment is uncertain.
We do not know precisely the rate of future emissions, the sensitivity of climate to in-
creased greenhouse gas emissions, or the spatial and temporal pattern of changes in
rainfall and temperature associated with changes in greenhouse gas concentrations.
We may also be uncertain about how a given change in climate translates into a
change in runoff, although these uncertainties are small compared to the uncertainties
deriving from the unknown future climate.

Fiure 3 shows, for the same two catchments as in Figure 1, changes in mean
monthly runoff by the 2050s under five climate scenarios. The range between the sce-
narios is large, and in many months mean runoff can either increase or decrease. The
uncertainty in the magnitudes of future streamflows is largely due to uncertainty in the
global climate model used to create scenarios for future climates. It is also possible to
produce different scenarios from the same driving climate model, by using different
techniques to downscale coarse-resolution climate model output to the finer temporal
and spatial resolution required by catchment-scale models. Nawaz & Adeloye (2006),
for example, simulated changes in reliable yield by the 2050s for a reservoir system in
Yorkshire, England, of -3 to 5%, 1-10% and -7 to -14% under three climate models re-
spectively and different ways of representing scenario output.

The vast majority of hydrological impacts assessments assume that climate
change does not alter hydrological processes in the catchment. Conceivably, changes
in climate might lead to changes in soil structure which result in altered flow path-
ways, but this is highly uncertain. Rather more likely is that higher CO2 concentra-
tions will affect transpiration — but again the precise quantitative effects at the catch-
ment scale remain uncertain.

o We are not confident about potential changes in extreme hydrological behaviour

Many water management systems are designed to cope with extremes either of
flood or drought. Virtually all climate change impact assessments have assumed
change in mean monthly climate, and whilst it is possible to infer changes in flow ex-
tremes from such scenarios, they do not take into account the potential effects of
changes in year-to-year variability or changes in the frequency distribution of short-
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term weather events (particularly rainfall). It is likely that the standard approach, using
standard scenarios of change in mean climate, underestimate the potential effects of
changes in extreme weather, with the effects likely to depend on catchment character-
istics. The greatest effects will be seen where the catchment is most sensitive to ex-
treme weather events. For example, changes in extreme rainfall will have a big effect
in a responsive clay catchment, but little effect in a slowly-responding catchment with
large volumes of storage in lakes or groundwater, where the flood response is deter-
mined by the accumulation of rainfall over long periods.

More sophisticated methods of creating scenarios for changes in extreme
weather events are being developed, often based on regional climate models, but these
are frequently based on the use of a small number of climate models and therefore do
not reflect the full range of climate uncertainty.
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Fig. 3. Change in mean monthly runoff in two British catchments by the 2050s:
different climate scenarios (compare with Figure 1)

o We know very little about the implications of climate change for groundwater re-
charge and water quality

Very few studies have been conducted into the effects of climate change on
groundwater recharge, and there is considerable uncertainty over the extent to which
changes in the length of the recharge season interact with changes in the volume of
rainfall, and possible changes in recharge processes, to alter recharge rates to aquifers:
studies have shown both increases and decreases, with very similar scenarios. Simi-
larly, there have been few studies into the effects of climate change on river and
groundwater quality, which may seriously impact upon the quality of ecosystems and
use of water resources. Water quality will be affected by higher water temperatures,
with different biochemical processes responding at different rates, but will also be af-
fected by changes in the volume and timing of flows, and by changes in chemical
processes in the soil. These process changes may occur at very fine spatial and tempo-
ral scales, well below credible scales of climate scenarios.
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o We are not sure how climate change will interact with other pressures to affect re-
source reliability

Climate change is not the only driver affecting resource reliability. Land use
change may have an effect, as will changes in competing demands for resources.
Across much of southern England, for example, changes in the reliability of supplies
over the next few years will be driven by changes in the demand for water, and in
many catchments these will outweigh the effects of climate change (Arnell & Delaney,
2006). Also, the attitudes and approaches adopted by water managers, and expecta-
tions of users will evolve over time.

How does this affect how we can adapt to climate change?

It is clear that climate change will have an impact on water resources and their
management, but that we cannot predict precisely their impact at the catchment scale.
This challenges water management, and there are three broad areas for attention.

e More research into ways of creating credible catchment-scale scenarios

This is the traditional response to uncertainty. Improved scenarios, particularly
concentrating on weather extremes, will enable clearer insights into potential changes
in hydrological extremes and their management, and into possible small-scale process
changes that might affect sensitive ecosystems or flow pathways. However, some un-
certainty will always remain, not least because the future emissions of greenhouse
gases remain uncertain and different climate models give different regional responses
to increased forcings.

e Develop a formalised approach to dealing with uncertainty

It is therefore necessary to develop assessment procedures which recognise cli-
mate change uncertainty: there will never be one prediction of future conditions. Such
an approach may specify "standard" scenarios to be used in strategic level impact as-
sessments, as is done in the UK (the water companies in England and Wales, for ex-
ample, use a formalised procedure based on the UKCIP02 scenarios to estimate the
potential effects of climate change on yields: Amell & Delaney, 2006). An extension
to this approach at the project planning level would seek to use a large number of sce-
narios to construct probability distributions of possible future hydrological and water
resources conditions, although this requires assumptions to be made about the uncer-
tainty ranges of key drivers. Rather less clear is how managers cope with different pro-
jections of the future when making investment decisions: should managers adopt a
risk-averse approach, or one that maximises expected benefits, or some other ap-
proach? Although circumstances will vary between sectors and catchments, sound wa-
ter management clearly requires agreed guidance on methods.
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o Develop robust adaptation strategies and actions which are resilient to uncer-
tainty
An alternative approach in the face of uncertainty is to develop robust proce-
dures that are not dependent on precise quantitative estimates of future hydrological
regimes, or that reduce exposure to hydrological volatility. Adaptive management
measures can be readily altered as more information becomes available, through
changes to operating practices or incremental changes in scheme design, for example
(Clark, 2002). Measures that require the future to be fixed within well-defined limits
in order to remain effective (technically or financially) are not robust adaptation
measures.

Concluding comments

This paper has provided a very broad conceptual overview of the state of
knowledge of climate change, hydrological regimes and water management. The key
general conclusion is that we are confident that climate change will affect water man-
agement policies and practices, but we do not know exactly how. Improved techniques
for generating and applying climate scenarios will help, but we must recognise that
uncertainty will continue. We therefore need to develop methods for characterising
and representing this uncertainty in forms relevant to water resources managers, and
develop adaptive management measures that are robust to uncertainty.
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Studies Exploring the Processes that Affect Runoff Generation in the Arctic

E. Blyth
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This paper explores the processes that affect runoff generation in Arctic regions.
The peak flow in these regions is during the snow-melt season in the spring. The snow
cover and snow melt is therefore an important process. The state of the soil during the
snow melt period is also important since a frozen or saturated soil will not absorb the
melt water, while an unfrozen, unsaturated soil will. This paper describes some studies
which looked at these phenomena in detail.

Key words: runoff generation, frozen soil, soil hydraulics, soil heat flow.

Model

In order to model these, we use a land surface model called JULES
(www.jchmr.org/jules). The model is described in (Cox et al., 1999).

Radiation

Precipitation

Evaporation Heat CO, Methane Momentum

Fig. 1

A summary of the soil physics used to calculate soil water and temperature in
the scheme which is relevant to this study and the processes are outlined below.
The diffusive heat fluxes in the vertical, G (W m?)

ST
G=A— 1
5 ()

where 4 (W m™ K™) is the local soil thermal conductivity, T is the soil temperature
(K) and z is the depth below the surface (m).
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The net heat flux advected between soil layers by the moisture flux, J (W m ™)
is determined by:

J=e ol )

z

where W (kg m”s') is the diffusive vertical water flux for each layer, given by the
Darcy equation:

WzK(é—y/Hj 3)

oz

where K (kg m s ') is the hydraulic conductivity and y (m) is the soil water suction.
These are determined by:

sat

2b+3
K =Ksa[£ O j @

and

b
Hu
V=V (H_J (5)

sat

where Kj,, is the saturated hydraulic conductivity, y,, is the saturated soil water suc-
tion, 6, and @ , are the unfrozen volumetric soil water and saturated volumetric soil

water fractions and b5 is an empirical exponent.

The relationship between unfrozen soil water concentration and temperature
when ice is present is described in terms of the soil water suction (Miller, 1965; Black,
Tice, 1989). The maximum volumetric fraction of unfrozen soil water that can exist at
temperature T, where T < T, is calculated by:

Humax |:_k ,DiLf(T_Tm):| ©6)

Pl &Y sur

sat

where T}, (K) is the freezing point of pure water at atmospheric pressure, g (ms>) is
the acceleration due to gravity and & is a dimensionless constant that depends on the
soil. The k constant is a measure of the degree to which the adsorption of the soil
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dominates over the capillarity and is used as a correction factor. This typically equals
1 for clay rich soils and 2.2 for granular soils. However, for organic soils, the value of

the constant is uncertain.
The actual value of @,, the unfrozen volumetric fraction, is limited by the total

water content of the soil:
6, =min(6,™,0) 7

where @ is the "liquid" total volumetric concentration.

Case Study: Soil Thermodynamics
Hall et al (2003) studied a mire in Finland. The soil temperature in the mire
evolved as follows:
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Default parameters which represented mineral soils meant that the JULES
model soil temperature evolved thus:
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It was clear the heat conductivity was too great. After calibrating the soil pa-
rameters to better represent organic peaty soils, the model was able to reproduce the

observed data, thus:
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The paper describing this work (Hall et al., 2003) obtained new soil heat pa-
rameters for organic soils for JULES.

Case Study: impact of frozen soil on Soil Hydraulics
To study the impact of soil freezing on soil hydraulic properties, a hillslope in
Sweden was studied by Sayer (2007).
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When soil water freezes, many things happen to the properties of that
soil/water/ice mix.
1. Water becomes solid so cannot move.
2. Ice Crystals further impede water flow.
3. Frozen water gathers round soil particles which increases conductivity of
soil (?).

These affect the porosity, the tension and the hydraulic conductivity of the soil.
However, the data from Sayer’s work (2007) suggested that there was a redistribution
of the snow melt water since the soil was frozen under the snow pack at a point. Other
researchers have found that, at the larger scale, the water does in fact enter the soil ma-
trix, albeit at a different location from where the water fell (or melted). The landscape
processes need to be treated in a different way to the point processes. This was recog-
nised by Snelgrove (2002) and by Niu and Yang (2006) who proposed new ways to
adapt the Darcy Richards equations to take account of this. In the following equations,
ky 1s the original equation used in JULES, £, is proposed by Niu and Yang and &3 by

Snelgrove.
2b+3
0,

s

2b+3
ky =k [eu;refj *{1 —exp(—a*(l —Q%D—exp(—a)}

P 2b+3
k3=ks[ u ] |
6, — 6y

These can dramatically alter the hydraulic conductivity of the soil. A graph
showing how the hydraulic conductivity is reduced compared to an unfrozen soil when
the soil moisture is at 75 % of saturation (0.5 m® m) is shown below (Fig. 5). This is
an example which shows the shape of the curves. The value for o in Equation 3 is as-
sumed to be 3 (as quoted in the Niu and Yang paper). This is a ‘scale-dependent factor
and will be studied further.

Effect on Water Balance

A series of hypothetical scenarios can be used to explore how the model be-
haves compared to the circumstantial evidence provided by the data. The driving data
from the Swedish site was used to drive JULES. In the first half of the time period,
there was no rainfall. In the second half of the period, the snow was assumed to melt.
The various formulae suggested above were applied in JULES were applied. The re-
sults showed that the melt water was absorbed in the cases k2 and k3, and none of the
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melt water was absorbed in the k7. This suggests that a representation of heterogeneity
is necessary.

Variation of conductivity
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Fig. 5
Snow Cover

In addition to soil processes we also aim to model snow cover. An experiment
was held in Svalbard to measure the snow melt across a hill slope where the snow
depth was very variable.

Snow depth measurements were taken every day. The JULES model was then
run with the observed initial snow depths to see if the snow melt progressed in the
same way as the observed.

The model simulation showed that there was negligible advection of heat from
non-snow patches to snow patches and that each patch could be treated independently.
The issue for snow modelling is then to identify the distribution of snow depths in or-
der to calculate the speed of melt. Essery et al. (2003) showed that a statistical distri-
bution could be used. Three years of data from Svalbard demonstrated that there was a
year-to-year variation in the parameters of the distribution that was not possible to ex-
plain.
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Fig. 6
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Conclusions

If the snow melt can be correctly modelled and the soil processes correctly
modelled with a good representation of soil freezing and its effect on soil hydraulic

behaviour, then it may be possible to model the river flow of this region.
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Extreme Rainfall and Flood response in a Changing Climate
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Regional climate model predictions suggest that extreme rainfall will become
more frequent and amplified across parts of the world. This implies that historical re-
cords will not embrace the storm extremities of the future and floods will occur at lo-
cations not previously inundated. Flood management measures need to be planned for
now, guided by methodology that can identify future flood-prone locations.

A methodological framework is developed that employs historical extreme
storms, and amplified forms of them, in conjunction with a distributed hydrological
model. The model is configured using spatial datasets on terrain features, augmented
by soil, geology and land cover properties where needed. Its structure is capable of re-
flecting the genesis of a flood over space and time as shaped by storm and landscape
controls. The result is a framework that is capable of exposing flood-sensitive loca-
tions, in response to extreme storms beyond the historical experience.

The relevance of this framework to guide flood warning and other flood man-
agement practices, both now and in the future, is discussed through two case study ex-
periments.

Key words: storm, flood, hydrological model, climate change.

Introduction

Managing future flood risk in a changing climate presents a formidable scien-
tific challenge. Floods will occur at locations not previously inundated and this will
demand that flood defence measures (policy, structural and warning) be planned in a
timely manner. Whilst the value of historical records in planning will remain high,
there is an increased need to understand and model the changing nature of storms
along with the physical shaping of floods by the landscape.

This paper outlines a methodology that can help identify areas at risk of flood-
ing in the future under a changing climate. Central to this methodology are prototype
forms of area-wide hydrological model presently under development (Moore et al.,
2006b, 2007). Such models can shape a flood from a given storm according to controls
from topography, soils, geology and land cover. The predicted space-time pattern of
flood response over the model domain serves to expose locations that are most vulner-
able. It also provides an understanding of the controlling factors of flood generation as
a function of storm and landscape properties.
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Methodological framework

The overall methodological framework used for identifying future flood-prone
locations is presented in Fig. 1. At the heart of the methodological framework is a dis-
tributed hydrological model that employs gridded space-time storm rainfall as its dy-
namic input. Static datasets on terrain and, where appropriate, soil, geology and land-
cover properties are used within the model structure to represent the shaping by the
landscape of the storm rainfall over the modelled domain.

Provision of storm rainfall within the framework aims to have a physical basis
by using actual historical extreme storms of convective, orographic or frontal origin.
These storms may derive from the area to be modelled or be transposed to an area
where changing flood risk is of interest. The choice of extreme storm to use would
bear in mind which of the three storm types is most relevant for a particular location,
season and future climate.

Whilst choosing historical extreme storms helps ensure a physically realistic
representation of storm rainfall, it does nothing to create storms that are more extreme
and of the kind that might arise in the future. To this end, a ‘Rainfall Transformation
Tool” (Moore et al., 2006a) is employed that amplifies the historical storm to have a
longer return period (assessed in terms of the current climate) over the catchment of
interest. The transformations available include space-time relocation, turning in space,
and changing the velocity, amount and size of the storm. A procedure based on Flood
Estimation Handbook (FEH) methods (Institute of Hydrology, 1999) is used to assess
the return period of the storm from its depth and duration over the target catchment
area. FEH methods are also used to assess the return period of modelled flows deriv-
ing from the amplified storm at target locations of interest. Gridded areal rainfall esti-
mates for input to the distributed hydrological model are obtained using integrated
multiquadric surface fitting methods, applied to raingauge data alone or as a gauge-
adjustment to radar rainfall values (Moore et al., 2006a; Cole and Moore, 2008).
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Fig. 1. Methodological framework for identifying future flood-prone locations
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The distributed hydrological model

The distributed hydrological model at the heart of the framework is a grid-based
physical-conceptual model called the Grid-to-Grid model or G2G (Fig. 2). This model
is being developed as a toolkit of distributed model functions of differing complexity
and requirements for spatial configuration data. The form used here, suitable for up-
land basins with a simple flood response, requires only digital terrain model (DTM)
data for configuration of the runoff production and flow routing components of the
model. A more complex form employs soil physics principles to make use of spatial
datasets on soil properties, along with land cover and geology information (Moore et
al., 2006b, 2007).

cipitation

urface flow-

Run-
ration-exc 4 off_— producing
o soil column

surface
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Fig. 2. The Grid-to-Grid Hydrological Model

Here, terrain slope is used as a surrogate for water absorption capacity (of the
soil, canopy and surface depressions) through a simple linkage function. Variation of
slope and hence capacity within a grid-square is accommodated through a theoretical
relation between a power distribution of slope and a Pareto distribution of capacity,
with the total capacity of a grid-square and the Pareto shape parameter being related to
the mean and maximum slopes (Bell and Moore, 1988). Thus, the spatial variation of
capacity is specified via slope information obtained from a DTM, leaving only a small
number of regional parameters to estimate by model fitting to gauged river flows. The
probability-distributed model theory (Moore, 1985, 2007) provides equations for cal-
culating the surface runoff, change in soil moisture and drainage to groundwater, al-
lowing for evaporation losses.

Terrain is used to delineate the flow paths through the landscape in two dimen-
sions from grid cell to grid cell, both above and below ground. Flow path length to-
gether with a velocity (treated as a parameter) is used in a simple kinematic wave rout-
ing formulation to represent the shaping of the surface and subsurface runoff by the
landscape. Different velocities are assigned to hillslope and river paths, both in the
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surface and subsurface pathways; a return flow between these pathways represents
surface-subsurface interactions as a function of water stored in the subsurface path.

Sensitivity of flood response to climate change

Climate change may impact on the storm rainfall experienced over an area in a
variety of ways. A change in weather pattern may cause a shift in the location of storm
tracks and the ensuing flood response may be affected by the orientation of this rela-
tive to the alignment of drainage paths.

This may be investigated within the framework presented here. For example, an
extreme convective storm experienced over northeast England had a trajectory aligned
to the prevailing northeasterly flow, moving so rapidly that it failed to produce catch-
ment flooding, only local pluvial flooding. The Carlton-in-Cleveland storm on 10 Au-
gust 2003 recorded a 15 minute total of 49.1 mm, assessed to have a point return pe-
riod of circa 600 years.

A climate change investigation of flood risk focussed on the Kent basin in
northwest England might suggest this kind of storm as a future possibility but with a
changed north-south track and a slower velocity. Figure 3 shows the Grid-to-Grid
model response for two scenarios, the first with the storm tracking up-valley and the
second down-valley (as indicated by arrows). The latter results in a significant height-
ening and sharpening of the hydrograph flood peak. The transposed and modified
storms both have return periods of 15 years for their catchment average rainfalls.

Climate change may cause storms to be located preferentially over a part of a
catchment or to be altered in coverage area. The flood risk impact of such a change
can again be investigated through the methodological framework. In this case, we will
take as the extreme historical storm event the Boscastle storm of 16 August 2004. The
storm caused devastating flash flood damage and received international press cover-
age, although no lives were lost. A raingauge recording this convective storm gave a 4
hour total of 181 mm, assessed to have a return period of circa 4500 years.

A climate change flood risk assessment for the Darwen catchment, encompass-
ing the town of Blackburn in northwest England, might see this type of storm as a pos-
sibility in the future and of even greater magnitude (setting aside the rather particular
genesis of this storm). Transposing the Boscastle storm over the Darwen catchment to
have its storm centre first over the lower part of the catchment and then over the upper
part, and also stretched to give a catchment-wide storm, results in the storm totals
shown in the left half of Fig. 4. The storms have also been scaled up in magnitude to
have a return period over the catchment area of 100 years for a 4 hour rainfall.
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Fig. 4. Sensitivity of flood response to storm position

The Grid-to-Grid modelled flood response is shown as hydrographs in the right
half of Fig. 4 for the outlet location at Blue Bridge and at six internal ungauged loca-
tions (indicated by circles). The flood response of the catchment-wide storm is sub-
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dued and the peaks increase with area drained. In contrast, when the storm is located
over the lower catchment the flood peaks are earlier making flood warning difficult.
Locating the storm over the upper catchment produces the most interesting response.
Whilst the peak flow is similar, it is now experienced at the upstream location: with a
smaller channel capacity to contain it, the site is most vulnerable to flood inundation.
This insight gained from modelling might lead to priority consideration being given to
flood management plans for locations of this kind.

Concluding remarks

The methodological framework presented here involves six basic steps: (i) se-
lection of historical extreme storms, (ii) forming grid-based areal estimates of rainfall
using gauge and (if available) radar data, (iii) applying the “Rainfall Transformation
Tool” in keeping with climate change impact scenarios, (iv) running the Grid-to-Grid
hydrological model configured to use spatial data on landscape properties, especially
terrain, (v) assessment of storm properties and flood response, and (vi) identification
of flood prone locations and development of appropriate flood management plans.

Regional climate model (RCM) studies of future climate scenarios are likely to
provide useful guidance on storm selection and choice of appropriate transformations
to use. Less formally based scenarios of future extreme storms may be necessitated in
their absence. The availability of realistic and high resolution regional climate model
outputs might be seen to reduce or obviate the need for using transformed historical
storms. Of relevance here is the continuous simulation approach to flood risk assess-
ment, embracing the Grid-to-Grid model and using high resolution RCM outputs, and
currently being trialled for application in the UK and across Europe (Bell et al., 2007).

However, it is still not practical to run RCMs with a structure and resolution ca-
pable of faithfully representing the convective storm events that have been used for il-
lustration here. Thus, the approach based on transformation of historical storms and
use of a physical-conceptual grid-based model can be seen as a complement to RCM
approaches. The approach can be used to gain a detailed understanding of flood re-
sponse to changing weather patterns as shaped by landscape controls, helping guide
flood management practice for future climates.
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This paper summarises some of the research undertaken at CEH Wallingford on
the study of the impact of climate change on hydrology and highlights the different
aspects of climate change impact studies. It builds from work of the Risk Analysis and
Modelling group, and in particular V. Bell, S. Crooks, S. Dadson, H. Davies, A. Kay
and N. Reynard.

The paper is divided in three parts: continuous rainfall-runoff modelling for
flood frequency estimation, climate change scenarios, and uncertainty linked to cli-
mate change impact studies. Examples from various research projects illustrate the pa-
per.

Key words: climate change, rainfall-runoff model, hydrology, impact.

Continuous flow modelling

Two main approaches for flood frequency estimation have been developed at
CEH: statistical method, that uses long flood series (peak-over-threshold or annual
maxima series) and computes statistical relationships between magnitude and fre-
quency of floods; and continuous flow simulation method, that aims to generate dis-
charge series from climate data and catchment characteristics. In the context of non-
stationnarity, the second approach is recommended.

The principle of the continuous simulation approach for climate change impact
studies on flood flows is summarised in Fig. 1. The runoff models can be calibrated on
observed time series, but their parameter sets can also be generalised based on catch-
ment properties. When long rainfall time series are inputted, e.g. series that incorpo-
rate projections of the impact of greenhouse gases emissions, long river flow time se-
ries can be simulated, and flood frequency estimates made that incorporate the same
assumption of climatic change.

At CEH, we have developed several conceptual rainfall-runoff models including
the lumped models Probability Distributed Model PDM (Moore, 2007) and TATE
(Calver, 1996), the semi-distributed model CLASSIC (Crooks, Naden, 2007) and the
distributed, grid-based model Grid-to-Grid (Bell et al., 2007). They allow the simula-
tion of discharge time series for catchments of area ranging from several square kilo-
metres to several thousand square kilometres.

34



Flow and rainfall Runoff model
data WIMWW

Time series of river discharge;
flood freguency curves

I
Relating of catchment properties
and mode! parametars

[
SPATIALLY GENERALISED FL OO0 FREQUENCY ESTIMATION

for use af yngauged sifes

Catchment properties I—

Long term rainfall

Optional climate change
information

FLOOD FREQUENCY ESTIMATION|fo high recurrence
interval floods for current and under climate change

Fig. 1. Principle of continuous simulation approach for climate change impact studies

These conceptual models are all relatively undemanding in terms of data.
CLASSIC and G2G require soil, land use and topography maps at the model’s grid
size, while the PDM only needs catchment characteristics for its parameters estimation
when used on ungauged catchment. Input time series are rainfall and potential
evapotranspition (PE) representative of the catchment or grid for G2G, with additional
temperature data when a snow melt module is added. The time step of the simulation
depends on the area of the catchment to model. While hourly time series are necessary
for small catchments, a daily time step is considered as a good compromise between
data availability and accuracy of flood estimation for catchments over 50 km” (Calver
et al., 2005).

From the simulated time series, statistical analysis can be conducted, such as ex-
tracting the flow duration curve or fitting a flood frequency curve. An example is
given in Fig. 2, for the simulation of the flow time series of the river Severn at Bewd-
ley (catchment area of 4,325 km”) modelled by CLASSIC.
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Fig. 2. Daily river flow of the Severn at Bewdley observed (black) and simulated by CLASSIC
(a) and associated flow duration (b) and flood frequency curves (c)

Climate change scenarios

The quantification of the impact of greenhouse gases concentration in the at-
mosphere on the climate (from anthropogenic or natural sources) is a large research
area involving research institutes all over the world. Future projections depend on as-
sumptions made such as the amount of greenhouse gases to be emitted in the atmos-
phere for the next decades, these are summarised in a set of emission scenarios by the
Intergovernmental Panel on Climate Change (IPCC) (IPCC, 2000). Each scenario as-
sumes a particular evolution of the world, in terms of economical development, envi-
ronmental concern, demography etc... and defines the associated level of greenhouse
gases emission. They are then used within the GCM, and for each emission scenario, a
different climate outcome will be produced. Because at the moment it is very difficult
to predict how the world may change in the future, all emission scenarios are consid-
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ered equally plausible. It is thus recommended to undertake climate change impact
studies using projections made from different emission scenarios to avoid a bias to-
wards a particular assumption.

When undertaking a climate change impact study, the river flow models, estab-
lished for a given catchment for the baseline climate, are used with climate input time
series that are representative of future projections. These future time series must be of
the same temporal resolution as the rainfall-runoff models, i.e. daily (or hourly for the
smallest catchments). This can be a problem as most Global Climate Models (GCM),
that are the primary tools for understanding and simulating the climate’s response to
different radiative forcing (e.g. due to the increase of the greenhouse gases concentra-
tion in the atmosphere) (Solomon et al., 2007), provide future climate time series at a
monthly time step. A second problem is the spatial resolution of the GCM that is too
coarse compared to the size of UK catchments. Typically, a GCM cell (i.e. for which a
single projected climate time series is generated) has a side length of several degrees,
which is, for mid-latitudes, between 150 and 400 km side. By comparison, the largest
catchment of the UK is the Thames, with an area of just over 10,000 km? near its estu-
ary. This coarse spatial resolution also impacts on the quality of the projection for
some atmospheric variables, such as rainfall, that could be influenced by local oro-
graphical features not represented by GCM topography.

From these limitations came the need to reduce the scale (both spatial and tem-
poral) of GCM projected time series: this is known as downscaling. There are two
main groups of downscaling techniques. The first one uses physically-based models
that take as initial and limit conditions GCM projections: they are commonly known
as Regional Climate Models (or RCMs). RCM grid scale is much finer than GCMs
(down to 25-km side for the Hadley Centre’s HadRM3), and as they only run on a re-
gion of the earth rather than the whole globe, outputs are usually saved at a daily time
step. The second type relies on statistical relationships between large scale atmos-
pheric variables (as described by re-analysis) and local features, such as catchment
rainfall. By fitting a statistical model able to reproduce local rainfall from re-analysis
time series, some of the biases in GCM climate are corrected. Models such as the Sta-
tistical DownScaling Model SDSM that uses linear multiple regression technique
(Wilby et al., 2002) or the GLIMCLIM, based on generalised linear regression (Chan-
dler, Wheater, 2002), provide such tools. Finally, the simplest technique that has been
widely used exploits the changes in, for example, monthly precipitation averages as
simulated by a given GCM for two different time slices (e.g. 1961-1990 and 2071—
2100). In expressing these changes as a percentage of the baseline, monthly factors
can be constructed, and applied to observed time series to provide climate change sce-
narios.

Uncertainty

As we have seen, there are many techniques that can be applied to downscale
GCM future projections to provide daily time series necessary as input to rainfall-

37



runoff models. In addition, there are also many GCMs to choose from; the IPCC Data
Distribution Centre (www.ipcc-data.org) provides to date future scenarios from up to
16 different GCMs.

Depending which GCM projection is considered, and which downscaling
method is used, changes in the hydrological regime (mean flows, flood peaks etc...)
may be different. Fig. shows an example of how the mean annual flow of the
Thrushel at Tinday (113 km’, as simulated by PDM validated on observed time series)
is projected to change compared to the 1961-1990 simulated mean annual flow (Prud-
homme, Davies, 2007). Each symbol represents the spread of mean annual flow ob-
tained by simulating river flow time series using as input of PDM 100 climate time se-
ries representative of the baseline climate (left hand side of the graph) or of the 2080s
time slice. The boxes represent the 25-75 % percentile, while the bars show the range
of the 5-95™ percentiles. In order to quantify the variation in the mean annual flow es-
timation due to natural climate variability alone, a bootstrapping technique has been
used to generate 100 precipitation and PE series of the same length of the observed se-
ries, in Fig. represented by Nat Var. The median of the sample is the reference mean
annual flow.

The bias in GCM and downscaling techniques in reproducing the baseline cli-
mate, and by extension, the mean annual flow, is visible from the left part of the
graphs, where all three considered GCM (HadCM3, CCCGCM and CSIRO) fail to re-
produce the baseline natural variability (their mean annual flow range is different from
that due to natural variability). For this particular catchment, the dynamical down-
scaling technique appears to be biased towards an overestimation of the mean annual
flow, but this is not necessarily the case everywhere. On the right hand side of the
graph, projections for the 2080s time slices are shown, with most of the scenarios pro-
jecting a slight decrease of the mean annual flow. Note that it is important to consider
the bias in the reproduction of baseline climate when interpreting future projections, as
for example shown by the HadRM3 2080s projections, that could be interpreted as a
significant increase in the mean annual flow (positive change compared to the refer-
ence value) but in fact, that show a slight decrease from the HadRM3 baseline values.

Results must always be interpreted with caution, especially if a single future run
is considered when changes are assessed. This is illustrated with results obtained from
one RCM run which, for the baseline, has a large intensity rainfall event producing a
very large flood. No equivalent exists in the future RCM run, thus no large flood is
produced for the future. When baseline flood frequency curve is derived from the time
series including the large flood, resulting baseline flood quantiles are high. Future
flood quantiles being smaller, the comparison indicates a potential decrease (left hand
side of Fig. 4). If this outlier event is removed for the flood frequency estimation of
the baseline, then, 50-year flood peak is estimated as increasing (right hand side of
Fig. 4).
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Fig. 3. Changes in mean annual flow for the Thrushel at Tinday using input precipitation and
PE scenarios for the baseline (left) 2080s (right) generated from different GCM and
downscaling techniques

Fig. 4. Changes in 50-year return peak flows by the 2080s from HadRCM3 calculated as
departure from baseline peak flows estimated from a run including a very large event (left) or
when the run was removed (left). From (Kay et al., submitted)

This illustrates two uncertainties: the first one is due to the flood frequency
method used to estimate a 50-year quantile from a limited (30-year) time series. The
second is due to the use of one single RCM run to assess the impact of climate change.
Unfortunately, GCM and RCM are extremely computational demanding, and gener-
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ally a single run for the baseline (control run) and a single run for the future (for a
given emission scenario) is produced. Resampling techniques to provide confidence
bands around the flood frequency curves, both for baseline and future would help re-
ducing the uncertainty.

Quantifying the different uncertainties that can exist when undertaking a climate
change impact studies is not easy. Work done on the UK on the relative size of the un-
certainty bands around 50-years return period future floods peaks showed that GCM
uncertainty has the largest range while uncertainty due to hydrological model parame-
ters has the smallest (Kay et al., submitted). Table summarises some results obtained
for the river Beult at Stile Bridge (277 km®), where different sources of uncertainty
were assessed in running climate time series generated from different GCM and
downscaling techniques, using different emission scenarios assumptions on a given
hydrological model. The different sources of uncertainty were not combined, i.e. only
one hydrological model was used with different climate time series to quantify the
climate uncertainty, while the same observed time series was run with different hydro-
logical models and different model parameters to quantify hydrological uncertainty.

Table 1. Range of possible changes for the 50-year return period flood peak of the Beult at
Stile Bridge according to different sources of uncertainties. Projections are for the 2080s time
slice

Source of uncertainty Lower limit Higher limit
Natural variability -34 +17
Emissions —14 -9
Global Climate Model structure —13 +41
GCM initial conditions =25 -5
Downscaling 22 -8
RCM structure -5 +8
Hydro’ model structure —45 22
Hydro’ model parameters +1 +7

Conclusion

This paper summarised some of the research done at CEH on assessing the im-
pact of climate change on hydrology. Conceptual rainfall-runoff models, that simulate
river flow time series from climatic information, are practical tools able to simulate fu-
ture river flow series from which indicators of changes can be derived.

However, there is much uncertainty in climate change assessment, not least be-
cause it is not possible to foresee the societal and economical evolutions of the world
triggering greenhouse gases emissions. Other uncertainties are due to the modelling of
the climate and in particular of rainfall, at a scale that is compatible with hydrological
modelling. Because of these uncertainties, it is necessary, when undertaking a climate
change study, to consider many future projections from many GCMs, downscaled at
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the catchment scale using different techniques, and assuming different emission sce-
narios. This would allow uncertainty bands to be defined around the indicators of cli-
mate change.
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IIpeacraBieHsl HCCIIEAOBAaHMSA HM3MEHEHMS NPHUTOKA BOIBI B BOJOXPaHMIMIIA
Amnrapckoro kackana ['OC u o3epo baiikan, cBs3aHHbIE ¢ TJI00aIBHBIM MMOTETIIICHHEM.
[IpuBeneHsl KapThl pa3IHUYHBIX MPOSIBIEHUI HW3MEHEHHUS KIMMara 1o JIABJICHHIO U
temnepaTtypam Mexny 1948—-1977 u 1978-2006 rr. Mccnenyercs N3MEHYNBOCTh KOP-
PEISILIMOHHBIX CBA3EH MEXIY OTAENbHBIMU MPUTOKAMHU B BOAOXPAHWINIIA AHIapCKO-
ro xackaga ['29C u mwiomaapio J610B ApKTUKH. OTMEUEHBI HAPABICHUS aJanTaIiu
nHpopMamoHHO-poraoctuuyeckoil cucremsl [UIICAP, Brmrouaromeil MHOXeCTBO
Pa3NUYHBIX METOIOB MPOTHO3UPOBAHNS, K H3MEHSIIOIUMCS YCIOBUSAM PETHOHAIBHOTO
KJIUMarTa.

KitoueBble cioBa: [0JIroCpoYHOE MPOTHO3MPOBAaHHME, U3MEHUYUBOCTh KOppEIs-
LUOHHBIX CBSI3€H, MIOMAAb JbJ0B APKTHKH, IPUTOK BOABI, TI100aJbHOE MOTEMJICHNUE,
o3epo baiikain, cucrema npornosuposanust [ UTICAP.

H3MeH4YnBOCTH THAPOIHEPreTHYECKOT0 MOTeHHAIAa AHrapckoro kackaga 'C

I'maposreprerndecknii moteHIan Aarapekoro kackaga I'9C (puc. 1) onpene-
JIIeTCSI TIOJIE3HBIM MIPUTOKOM BOZBI B 03epo baiikanm u 60koBbIMH mpuTOKamu B bpat-
ckoe u Ycrb-MnuMckoe Bogoxpanminma. CpeaHeroJoBoi BEC OTAEIBHBIX MPUTOKOB
B THPOIHEPreTHYECKOM MOTEHIHANE KacKkaga INPUMEPHO cocTaBisieT: 66,3 % — mo-
JIE3HBIA TPUTOK B 03epo baiikan; 30 % — OGokoBoii nmputok B bpaTckoe BomOXpaHMIIH-
mie; 3,7 % — 6okoBoii mpuTok B Ycrb-Unumckoe Bogoxpanmuiie. Jomu 11 u 111 kap-
TaJOB B CPEAHETOJOBOM IMPUTOKE COOTBETCTBEHHO COCTaBIAIOT: 38,5 %, 52,8 % nns
o3epa batikan u 34,9 %, 48,2 % g bparckoro Bomoxpanunuma. [Tockonsky npuro-
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ku III KBapTajla CyII€CTBCHHO HCCTALIMOHAPHBI, TO UX NPOTHO3UPOBAHHUC C OOIBIION
33.6HaFOBp€MCHHOCTI>IO 3aTPYAHUTEIIBHO.

Annual
T Avarage=5
001 ——

=0

40 f T [

1200 10 19200 1830 1840 1850 1860 1970 1280 19e0 2000

Puc. 1. l'maposuepreTryeckmii moteHman AHrapckoro kackaga ['9C (mpxa kBt-u)
[Tone3nsrit mpuTok B 03epo batikan (cM. ruaporpadsl Ha puc. 2) XapakTepusy-
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HOpMa) JUTsI aBTyCTa, YTO CYIIECTBEHHO CHHU3HIIO SHEPTETHYECKUE PUCKU, HECMOTPS Ha
11-1eTHIOK0 €ro NpoaOJIKUTENBHOCTb.

CucreMa uccie10BaHUil 17100a1bHOT0 M peruoHanbHoro kaumara F'MIICAP

Pazpa6orannas 8 UCOM CO PAH cucrema g0ArocpogHOro MpOTHO3UPOBAHUS
I'UIICAP (AbacoB u mp., 2000; Berezhnykh, Abasov, 2003) BkIro4aeT MHOXECTBO
Pa3NUYHBIX METOJOB MPOTHO3UPOBAHMS (aNIPOKCUMATHBHBIX, HEHPOCETEBBIX, BEPO-
STHOCTHBIX) C Pa3THMYHBIMH aJTOPUTMAMHU YTOYHEHHUS TPOTHOCTHYECKUX pacipeserne-
HUN M KoMIUIekcupoBaHMs. Ha ee ocHOBe ycmemrHo CIpOTHO3MpPOBAHBI MOKa3aTelu
ManoBoaHOTO Tieprona Ha baiikane (1996-2006). lns BpaTtckoro BomoxpaHMiHINa
OIMOKK POTHO30B OBLUTN 3HAYUTEIHLHO BBIIIE B CBS3U C CYIECTBEHHBIM U3MECHEHHEM
KOPPEISIMOHHBIX CBA3EH C MPUTOKOM B 03epo baiikan u pa3inyHbIMH TI00aTbHBIMH
WHAEKCaMH, HallpuMep, CO CPeIHEN TUIOMIAIbI0 MOPCKOTO JIba B APKTHKE.

JJ1st MOBBIICHHUS HAAGKHOCTH MIPOTHO30B B YCIOBHSIX TTI00ATFHOTO U3MEHEHUS
KJIMMaTa, KOT/la Havyald MEHAThCS HalJCHHBIE paHee CTATUCTHYECKHUE CBSA3U MEXKIY
WCCIIeyEeMbIMH TIPOIIECCaMU, CO3/1aHa 0a3a JaHHBIX HECKOJIBKUX METEOPOIIOTUIECKIX
napamMeTpoB (TeMIlepaTypbl BO3IyXa, OCaJKH, JaBICHHUE, NOKA3aTeNN HUPKYISIUA H
Ip.) C paBHOMEPHOM ceTkoit (2,5°) mo Bcemy 3eMHOMYy 1mapy. Ha ee ocHoBe pa3pabo-
TaH WHCTPYMEHTapHi 1O (HOPMHUPOBAHHUIO PA3NUYHBIX MHICKCOB U MX BH3YalH3allUH
Ha KapTax pa3HbIX MaciitaboB (Abacos, Berposa, 2007). BriroueHue KOMIIOHCHTOB
(hopMHPOBaHMSI aHAIOTOB 110 HEKOTOPOH Mepe OIU30CTH AJsl Pa3IMYHbIX HHAEKCOB (C
YBEIMYEHHBIMH KOA(QPHUIMEHTAMH 3HAYUMOCTH I UCCIEAYEeMOr0 PEerruoHa) MO3BO-
JIMJIO BBIJBUTATh HOBBIE THIIOTE3BI MO BIMSHUIO INIOOAIBHOIO MOTEIUICHUS APKTHKH
Ha MIPUTOK BOJBI B MCCIIEAyEMbIC BOJOXPAHMIUILA JUId Oojiee TOHKOM HacTpOMKH ma-
paMeTpOB MPOTHOCTUYECKUX METO/I0B WM CO3/IaHUS HOBBIX.

HN3meHeHueE 17100a71bHOT0 U PErHOHAJBHOT0 K/IMMATa

Ha puc. 3 moka3aHsl rpayiku OTKJIIOHEHUH CPEeIHET0JOBBIX NPU3EMHBIX TEMIIe-
paTyp Bo3myxa IUIsl Bceld 3eMIIH, CEBEPHOM M I0KHOHW MOJSIPHBIX O0JIAcTel, OTyUYeH-
HBIE C TTOMOIIBIO CTIEUAITBHBIX KOMIIOHEHTOB 00pabOTKH MPOCTPAaHCTBEHHBIX JAHHBIX
cuctemsl [UTICAP. JIns ApKTUKH XapakTEpHO yBEIMUYCHHE TPEHNa B TeMIIepaTypax
HayuHas npuMepHo ¢ 1996 r.

Ha puc. 4 npuBeneHs! KapThl U3MEHEHUH TiT00abHOTO KinMmarta gt CeBepHOro
MOJTyIIAapHsl TI0 TEMIIEpaTypaM U AaBJICHHIO. 3UMHHE TEMIIEPaTypbl 3HAYUTEIBHO BO3-
pociu Kak Uit ApKTUKH, Tak U [uist CuOnpH, BKITIoYas OacceifH o3epa baiikar, a metHue
MIPAaKTHYECKH HE HM3MEHWINCh. 3MMHEE AABICHHE 3HAYUTENBHO MOHM3WIOCH 10 50-X
LIMPOT, a JIETH:A Aenpeccuss CHOMPCKOTro aHTUIMKIOHA YMEHBIINIIAC.
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HccnenoBanue H3MEHUYNBOCTH CBsI3eil

WzmenunBocTh k03 dunpenta Bapuanuu C,(f), TOCTPOSHHOTO 1O CKOJB3SIIUM
60-neTHUM BBIOOpKaM JUIsl CPEIHETOIOBBIX MPUTOKOB B baiikan u bparckoe Bogoxpa-
HUJIUIIE, TIpeIcTaBieHa Ha puc. 5. s o3epa baitkan xapakTepHO OHIKEHHE KOA(-
¢urmenta no 1970 r., noseimenue a0 1981 r. ¢ coxpaHeHHEM MOBBIIICHHBIX 3HaUe-
Hu# 10 1989 r., nonmxkenuem k 2001 r. 1o 3KkcTpeMaTbHO HU3KUX 3HAaYEHHH C UX He-
3HAUUTEIBHBIM NoBbIIeHHEM K 2006 r. J{ns bpaTckoro BogoXpaHWIMILA XapaKTEPHO
3HaunTensHoe nosbienye ¢ 2000 r.

M3MeHYnBOCTh KOPPEISAIIMOHHON CBsi3U (M1t 30-IeTHEH CKONB3SIIeH BEIOOPKHU)
MeXIy MpuUTOKoM B baiikan m bparckoe BomoxpaHWiHie TpeAcTaBiIeHa Ha puc. 6.
Ota cBs3bp ycwmBaiach (3Hadenue Oosee 0,6) B 1930-x u B cepemmuae 1980-x, k
2006 . ona ocnabna (o 0,26, B 1950-x 0,36). [ns 111 kBaprana usmenenus emuie 60-
Jiee 3HAYUTEIbHBIC.

Ha puc. 7-8 noka3aHsl aHaJOTMYHBIE KOPPEISLUOHHBIE CBA3M MEXIy NPHUTO-
KaMH B o3epo baiikan u bparckoe BojoXpaHWIUIE CO CpeIHEll IUIOIMIaAbI0 JIbJ0B
Apxkruku (3axapos, 2003). B 1938—1940-x rT. 3Ta CBSA3b ISl CPETHETOOBOTO TPUTO-
Ka B 03epo baiikan xapakTepu3oBaiach OTPHULATEIBHBIM 3HAa4eHHEM Ko3(hduimeHTa
koppemsiinn (uyTh Beimie —0,5). s 111 kBaprana nputoka B baiikan xapakTepHo 1o-
BhIIIICHUE KodduunenTa koppemsinun K 1959 r. go 0,52 u ero mocreneHHoOe CHIKe-
HHE C IIEPEX0IOM B OoTpuUaTenbHble 3HaUeHus: B 1979 r. Jlnsa bpaTckoro BomoxpaHu-
numa cBsa3b nputoka Il kBaprama mogo6Ha cBsa3u mpurtoka Il kBaprana B o3epo baii-
KaJl, B TO BpeMs Kak cpenHeronosbie U III kBapTana KOppensLUOHHBIE CBSI3U 3HAYU-
TEJILHO OTJIMYAIOTCS (OHH HE TMEPELUI B OTpULaTeIbHbIC 3HAUeHHs ). XOTsI JaHHBIE 1O
IUIOMIAIAM JIBIOB APKTHKH B HACTOSIIEE BPEMSI MOXKHO TMOIYYHTh U3 Pa3IHUYHBIX HC-

TOYHUKOB, B TOM YHUCJIC M IPOCTO MPOUHTETPUPOBATH IO CYTOYHBIM KapTaM JICAOBBIX
nokperTui (http://iup.physik.uni-bremen.de:8084/archive.html), Takue uccrenoBanus
He OyJyT KOPPEKTHBIMH B CBSI3U CO 3HAYHMTEIILHBIM YMEHBIIICHHEM TOJIIUHBI JbJIOB
APKTHKH ¥ UX TEMIIEPATYP 3a MOCICIHUE TOJIBI.

Tarmparatina

) 1950 1955 1950 1985 19F0 1975 1080 1585 1960 190E 2000 2005
Puc. 3. 'mobansHoe n3menenue remneparyp Bosayxa (°C) B nenom o 3emuomy mapy (Earth)
u 1o mupoTam (67-90° c. mr., 67-90° 10. m.)
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Temperature Pressure

Puc. 4. KapTel n3MeHeHHsI KITUMaTHYeCKUX [TOKa3aTesel
Mexay 1948-1977 u 1978-2006 rr.
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Puc. 5. UsmenunBocth k03 duruenra Bapuarwu C,(f) [UIs MOJIC3HOTO IPUTOKA B 03€PO
Baiikan 1 60xoBoro npuroka B bparckoe BojoxpaHuiuIie
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Puc. 6. I3MeH4YHBOCTH KOPPETAIMOHHOM CBS3H 7(f) MEeXIy OOKOBBIM MPUTOKOM B bpaTckoe
BOZOXPaHUJIMILE U MOJE3HBIM IIPUTOKOM B 03epo baiikan
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Puc. 7. Cs3p mone3Horo mpurtoka B 03epo balkai ¢ romaapo J610B B APKTHKE
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Puc. 8. CBs3b mpuToka B bpaTckoe BOJOXPaHUIHIIE C TUIOIIABIO JbJI0B B APKTHKE

O pa3BuTnu nporuocruyeckoii cucrembl FTUIICAP

Hcnonb3oBanue pacnpefesieHHbIX KOMIIOHEHTOB NMPOCTPAHCTBEHHOI'O aHAIH3a
B cucteme [ ITICAP mo3BosisieT BKIIIOYATh B HEE PA3IMIHBIC METOJIMKHU TTOMCKA TIpe-
JTUKTOPOB JIJISL UCCIEAYEMBIX TpolrieccoB. HaliieHHbIE CTaTUCTUYECKUE CBSI3U MEXKIY
MPUTOKOM BOJABI B BOAOXpaHWIuIIa AHrapckoro kackaaa ['2C, cpeaneil mioniaapio
TBA0B APKTHKH W M3MEHSIOMMMUCS ToKazarensiMu CHOMPCKOTO aHTHIMKIIOHA (ero
MOIITHOCTh M MPOCTPAHCTBEHHOE PACIOJIOKEHUE) MO3BOJSIOT CO3/IaBaTh HOBBIE IPO-
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THOCTUYECKHE METOABI C 3a0JaroBpeMEHHOCTBIO B CE30H, TOJA M HECKOJBKO JIET JUIS
BiuroueHus B cucremy [ UTICAP, Gmaromaps ueMy 3HaAYUTENHHO TOBBIIIASTCS HAEXK-
HOCTb TaKUX MPOTHO30B.

Summary

The paper presents an approach to the study of hydroelectric potential of the
Angarsk Hydroelectric Plant cascade on the basis of "GIPSAR" information-
forecasting software with consideration of long-term low-water periods on Lake Bai-
kal. The software employs the components of interaction with the base of spatial data
with a uniform grid (2.5°) for the whole globe (air temperature, pressure, precipitation
and other indices which make it possible to analyze regional changes in the climate
and their interrelations with the global changes). These data were used to present
changes in the average annual, winter, and summer temperatures and value of pressure
between the periods of 1948—1977 and 1978-2006.

The diagrams of change in the variation coefficient and correlation coefficients
between the useful inflow to Lake Baikal and the lateral inflow to Bratsk reservoir are
presented. A considerable decrease in the correlations is observed.

The change in the correlation relationship between the studied processes and
average area of Arctic ice is described on the basis of the data obtained in 1996. The
data indicate their high values that were higher than 0.5 at the end of the 1950s and
gradual decrease to the negative values for Lake Baikal and close-to-zero values for
Bratsk reservoir.

The found correlations and changing characteristics of the Siberian anticyclone
make it possible to develop more advanced long-term forecasting methods.
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Regional Features of Hydroclimatic Changes in the South of Eastern Siberia

A. N. Antipov, N. N. Gustokashina, N. V. Kichigina and A. S. Balybina

V. B. Sochava Institute of Geography SB RAS
Ulan-Batorskaya Str., 1, Irkutsk 664033, Russia

[Ipobnema mocnencTBuil M3MEHEHHS KJIMMaTa MpHUBJEKaeT K ceOe MpucTaabHOe
BHUMAaHHUE HCCIIE0OBATENed U HAXOOUTCS B DALY BaKHEWIIMX €CTECTBCHHOHAYUYHBIX
BorpocoB. [lo manubM 3a 19511995 rr. orieHeHO U3MEHEHUE OCHOBHBIX KIIMMAaTHUe-
CKHUX TOKa3aresiel Ha Tepputopu ora Bocrounoit Cubupu. Briiag B 3TH n3MeHeHUs
r7100aNbHBIX U PErMOHATIBHBIX (PaKTOPOB B TECUEHUE Toz1a pazinnyeH. bonee neranbHbIN
anamm3 s [IpenOaiikanbs mokasai, 9To Ha OOJbIIEH YacTH TEPPUTOPHH HAOII0IaeT-
Csl TIOBBILLIEHHE CPEIHEN TroJ0BOI TeMmepaTyphl BO3AyXa IMPHU MOHM)KEHHUH TOJIOBBIX
CYMM aTMOC(EPHBIX OCaJKOB M YMEHBIICHUH MPUX0Aa KOPOTKOBOJIHOBOM COJIHEUHON
paananuu. Pacripenenenne WHTEHCHBHOCTH M3MEHEHHUI pacCMaTpUBAeMbIX KIMMaTH-
YEeCKHUX AJIEMEHTOB PA3JINYHO.

AHanu3 psaIoB MaKCUMaJIbHOTO CTOKA MOJOBOIMI M MaBOJKOB ITOKA3al, YTO Ha
Teppuropuu 1ora Boctounoit Cubupu HabmogaeTcsi TEHACHINS YMEHbBLICHUS! MAaKCH-
MaJbHOTO CTOKAa BECEHHETO IOJIOBOJBS (KO3(PPHUIIMEHTH perpeccud B OCHOBHOM OT-
punarensHbie). [Ipyn Mcmons30BaHuM IEHAPOKIMMATHYECKOH MH(OpMAIMU C ITOMO-
LIbI0 PETPECCHOHHON MOAEIHN BOCCTAHOBIICHBI PsiibI HEKOTOPBIX METEOPOIOTUYECKUX
Y THAPOJIOTUYECKUX XapaKTEPUCTHK.

KitoueBsle croBa: THAPOKIMMATHYECKHE W3MEHEHHs, PeUYHOM CTOK, TeMmIepa-
Typa, ocaaku, Cuoups.

[IpoGnema nW3MeHeHHUs1 KiIMMaTa TpUBIEKaeT K ce0e MpHcTadbHOEe BHUMaHUE
HccienoBaresie U HaxoauTes B Py BaKHEHIINX eCTeCTBEHHOHAYUYHBIX BOMPOCOB. B
HacTosllee BpeMsi OHa MepecTaia ObITh Cyry0o akaJeMU4ecKOW, MHTEPECHOH JIHIIb
CIEMATNCTaM-KIMMAaToIoraM. HenprBbIYHEIE KIMMAaTHYECKHUE SIBICHUS MOCIETHHUX
JIeT: OT HeOBIBAJION JIeTHEH Kaphl M MOITHEWITNX HaBOAHEHUH B EBporie, pekopaHoTro
konnuecTBa TopHano B CIIIA no cunpHelmux noxxapos B MHnoHe3nn n ABctpanuu,
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HAa4YMHAIOT B TOM WM MHOW Mepe 3aTparuBaTh KakJOro, OKa3blBasl BIHMSHHME Ha BCE
CTOPOHBI YEJIOBEUECKOH KM3HEACATEIBHOCTH. DTH 3KCTPEMalbHbIE IOTOAHBIC SIBIIE-
HUS, KaK TMPaBUJIO, CBA3BIBAIOT C M3MEHEHHEeM KimMaTa. JloCTOBepHO J0Ka3aHo, 4TO Ha
MPOTSKEHUHU Te0JIorHYecKoi ucropuu 3emin (4,65 MiIpA J1eT) BMECTe cO BCel 3eMHOM
MIPUPOAOI MEHSTUCH COCTaB aTMOC(EpEI, €€ Macca, MEHsUICS U KIUMaT.

OnuH M3 OCHOBHBIX TOKa3aTeNeill KiMMara — TeMIepaTrypa BO3AyXa, TO3TOMY
0CcOOEHHOCTH €€ TOAOBOW PUTMHKH, BEKOBOTO TPEHIA U MEKIOJ0BOH M3MEHYMBOCTU
xopoio u3y4deHsl. CoBpeMEHHBIE JaHHBIE MOKa3bIBAIOT, YTO IJ100abHAs MpU3eMHas
TeMIepaTypa Bo3nyxa B TeueHne XX B. yBenmnuminack Ha 0,6 °C. Haubomnpmme momo-
KHUTENbHBIC TPEH/IBI TEMIIEPAaTyphl BO3AyXa HAaONIOAIOTCS B OCHOBHOM B KOHTHHEH-
TanpHOM yacTu marepuka — 10 0,5 °C/10 ner. OCHOBHO# BKJIaJ| B TIOBHIIICHUE CPEIHE-
TOZIOBBIX BEJIMYMH BHOCAT 3UMHHUE MECSIIBL.

AHamu3 TPEHIOB PSIIOB MAKCUMAJIHHOTO CTOKA ITOJIOBOJMMA W TIABOJKOB 10 74
THIPOIIOCTaM Ha TeppuTopuu tora Boctounoit CuOHMpH (paccMaTpHBarOTCs PEKH B
Oacceiinax BepxHeii Jlensl, BepxHero Enuces, Anrapel u o3epa baiikam) 3a 1958—
1992 rr. mokasay, 4TOo Ha OOJBIIEH YaCTH TEPPUTOPHUU HAOIIONACTCS TEHJEHITHS
YMEHBILIEHUS] MaKCUMaJIbHOTO CTOKAa BECEHHETO MOJIOBObS (TPEHJIbl PSAAOB B OCHOB-
HOM OTpuUarenbHbIe). s psrioB MaKCUMaIbHOTO MaBOAOYHOTO CTOKA KOMUYECTBO
MIOJIOKUTEJIBHBIX U OTPULATEIbHBIX TPEHIOB MPUMEPHO OAUHAKOBO. IIpnuem Hanbo-
Jiee SIBHO TaKas TCHJICHIIMS MPOSBISIeTCA B OacceiiHax Anrapsl u Exuces (cM. Tabmu-
y). IIpu 3TOM B mpOCTpaHCTBEHHOM OTHOLICHUH MPOCIEKHUBACTCS CIEAYIOIAs 3aKO0-
HOMepHOCTh. Hanbonpiire monoxuTeabHble TPEHIbl MAKCUMAJIbHOTO CTOKA BECEHHE-
r'O TIOJIOBOABSI HAaONMOJat0TCs Ha BuTuMme, a HanOoJbIINE OTPHUIIATENbHBIE TPEH Bl Ha
CTBOpax, pacrlojOXKEeHHbIX Ha PAaBHUHHOW TEPPUTOPUH, — B CPEIHEM U HUKHEM Teue-
HuM Anrapel. HanOonpme oTpunarenbHble TPEHIBl TaBOJOYHOIO CTOKa Halmrona-
I0TCS Ha peKax, CTEKAIIINX C TOPHBIX coopyxkeHui Xabap-/labama m BocTtounoro
CasHa, a HanOoOJNbIINE MOJIOKHUTENIBLHBIE TPEH B — B 3a0aiikanse U B OacceiiHe Bepx-
Hero Enuces. B cpeanem mo teppuropuu tora Bocrounoit Cubupu 3a paccmarprBae-
MBI{ [EPUOJ BEJINYMHBl MAaKCUMAaJIbHOIO CTOKA MOJOBOIbS M MABOAKOB M3MEHSIINCH
kaxnpie 10 et Ha 5—10 % OT cpegHEMHOTOJIETHETO MaKCUMyMa.

Hns IIpenbaiikanps, MO CpaBHEHUIO C OCTaJbHBIMH pailoHamu ora BocrouHoi
Cubupy, Ha HACTOSIIMII MOMEHT y Hac HMMeeTcsi HambOosee monHas 0a3a JaHHBIX,
BKJTIOUAIONIAas MHPOPMAIMIO 33 OTAEIbHBIE MECSIBI O THAPOKINMATHYECKHUX Mapa-
MeTpax C Havajia HHCTPYMEHTalIbHBIX HabroneHuit 1o 2000 .

Ha OGonbmieit yactu tepputopun B 1960-2000 rr. HabmogaeTcs: HOBBILICHUE
CpemHel roAOoBOH TeMIepaTyphl BO3LyXa IpU ITOHWKEHUH TOJOBBIX CyMM aTMocdep-
HBIX OCAJIKOB U YMEHBIIEHUH MPUX0ja KOPOTKOBOJIHOBOM CONHEYHOH panuaruu. Pac-
MIpe/ielIeHne MHTEHCUBHOCTH M3MEHEHUI paccMaTpUBAEMbIX KIMMAaTHYECKUX 3JIEMEH-
toB paznuuHo (['ycTokammaa, 2003).
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Ta6n. 1. KomuuectBo OTPULATCIBbHBIX W HOJIOXHUTCIbHBIX TPCHAOB PAJA0OB MAKCUMAJIbHOI'O

CTOKa IMo0BOIMH M maBoAgkoB 3a 1958-2000 rr.

[TporeHT TpeHI0B OT HX 00IIETO KONWIEeCTBA
Bacceiin TTonoBoaps ITaBoaku

Otpumna- TTomoxu- Otpurma- ITonoxu-

TEJIbHBIX TEJIbHBIX TEIIbHBIX TEJIbHBIX
AHTapsI 88 12 44 56
Barikana 73 27 69 31
Jlennl 60 40 50 50
Ennces 87 13 54 46

Ha mpumepe 6acceiina AHTaphbl BBITIONIHEH aHAIHW3 TPEHAOB PSIOB CpEIHEME-
CSYHBIX aTMOC(EPHBIX OCAJIKOB, TEMIIEPATYPhl BO3IyXa, MUHUMAJIBHBIX U CpPEIHEME-
CSYHBIX PacXOJI0B BOJKI ¢ Mast 1o ceHTsIOph 3a 1958-2000 rr. CpemHemMecsiuHbIe pac-
XOJIBI Masi UMEIOT TCHJICHIIUIO K YMEHBIIICHHUIO. B MIOHE TPEHIIBI PSAIOB CpPeIHEMECT -
HBIX PacxXxojl0B KaK IOJIOXKUTENbHBIC, TAaK U OTpUIIATEIbHBIC. B Hioe, aBrycTe u CeH-
TA0pe OHU B OCHOBHOM TIOJIOXHUTEIbHBIC. B OONBIIMHCTBE CIy4acB MUHUMAIbLHBIC U3
CpeTHEMECSYHBIX PACXOJ0B (32 TATh paccMaTpPUBaEeMBIX MecCsIeB) B OacceiiHe
p. Aurapsl Habmoganuch B Mae U ceHTA0pe (32 1 30 % COOTBETCTBEHHO). AHAIU3HU-
pysl TSHICHIIMKM U3MEHEHHUSI MUHUMAJIbHBIX MECSIUHBIX PACXOJIOB C Masi 10 CEHTIOPh B
OacceiiHe AHTapBl, MOKHO 3aMTHTh, YTO B Mae W MIOHE TPEHIIBI PAI0OB MUHIUMAIBHBIX
MECSYHBIX PACXOJIOB KaK TOJIOKUTEIBHBIC, TaK M OTpHUIaTeIbHbIE. MUHUMAIBHBIC Me-
CSTYHBIC PacXObl UIOJIS, aBI'YCTa U CEHTSIOps B OCHOBHOM Bo3pactatot (Puc. 1).

B nemom ¢ 1958 mo 2000 r. B OacceitHe p. AHrapbl HaOIFOAaETCS CIEAYIOIIEe
BHYTPHUTOJIOBOE TIepepacIpe/ieieHne THAPOKINMATHIECKIX XapaKTepucTuk. B mae
MIPOUCXOJUT YMEHBIIICHHE OCAJKOB M CTOKA IPU MOBBIIMICHUH TEMIIEPATYPhl BO3TyXa.
B urone Temmepatypa BO3AyXa yMEHBIIAETCS, KOJIMYECTBO OCATKOB YBEIUUMBACTCS,
TEH/ICHITNSI N3MEHEHHUsI CTOKa HeOTHO3HauHa. B urone, aBrycre u ceHTa0pe Habmroma-
€TCsl TIOBBIIIICHUE TEMIIEPaTyPhl BO3AyXa M KOJWYECTBA 0cankoB. OTMedaeTcs He3Ha-
YUTENBHOE YBEITUUYCHHUE CTOKA MIOJS U aBryCTa U YeTKas TEHACHITUS yBEIHMUYCHUS CTO-
Ka B ceHTsI0pe.

M3ydenne THAPOKIMMATHICCKUX MPOIECCOB HA OCHOBE aHAIM3a TOJHKO MHCT-
PYMEHTAIIBHBIX JAHHBIX HEBO3MOXKHO BBUJY MX OFPAHUYECHHOCTH BO BPEMEHH U IPO-
ctpancTBe. MccnenoBaHue NWHAMUKH MPUPOAHBIX MPOLIECCOB 3a IMEPUOJ, IMPEBHI-
[IAFOIINN TIepHoj] MHCTPYMEHTAIBHBIX HAOIOJICHUH, BO3MOXXHO TOJIBFKO Ha OCHOBE
TaK Ha3bIBAEMBIX KOCBCHHBIX HHAUKATOPOB. K HUM OTHOCHTCS psifi OOBEKTOB KUBOH U
HEXUBOW TPUPOJIBI C IPKO BBIPAKEHHOM CIIOUCTOM CTPYKTYPOH, copMupoBaBILEiics
B pe3yJibTaTe MEePHUOJUIECKOTO BO3ACUCTBUS HAa HUX CE30HHBIX M3MEHEHWH Teruio- u
BJIAr000ECTICUCHHOCTH 3a TIPOMEXYTKH BPEMEHH OT TOJ[a 10 COTEH THICSY JIET.
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Puc. 1. TpeHap! rTHAPOKINMATHICCKUAX XapaKTEPUCTHK 1m0 Mecsmam ¢ 1958 mo 2000 r.
(MereocTaHnuys T. 3UMa — THAPOIIOCT p. 3uMa — ¢. 3WIyMaif; MeTeocTaHIus T. IpKyTCK —
runponoct p. Kyna —c. I'panoBmmHa)

CaMbIM 4yBCTBUTEIBHBIM U3 MPUPOJHBIX MHAUKATOPOB SIBIISICTCS IITUPUHA TO-
JUYHOTO KOJbIla JepeBbeB. JJOCTOMHCTBO JACHIPOXPOHOIOIHMUECKOTr0 METO/Ia €IIe U B
TOM, 4TO OH (€IMHCTBEHHBIH M3 CYIIECTBYIOIINX B HACTOSIIEE BPEMs) ITO3BOJISIET JIa-
THUPOBATh COOBITHSI C TOYHOCTHIO JIO TOJIA.

HaunGonee ymoOHBIMH JPEBECHBIMH TOPOJIAMU IS JIEHAPOTHUAPOKINMATHYC-
CKOTO aHaJH3a B HCCIEIyeMOM pPErHoHe SBISIOTCS COCHA OOBIKHOBEHHAs W JINCTBEH-
Huna cubupckas. [lo orobpanHsM 00pasnaM TOcie U3MEPEHUS IUPUHBI TOTUIHBIX
KOJIeI[ OBUTH MOCTPOEHBI MHIUBUIyaAIbHBIC JPEBECHO-KOJBIIEBBIC XPOHOJOTHH, MPO-
BEJICH aHallu3 B3aUMOCBS3U JCHAPOXPOHOJOTUYECKUX PSIIOB C THAPOKIMMATUYECKU-
MH TlapaMmeTpaMiu. BrICokme MexcepualbHble KodpdumenTsr koppemsauu (mo 0,7—
0,9) moka3pIBalOT CHHXPOHHOCTh B OTBETE OTICIBHBIX JCPEBHCB HA M3MCHEHHE KITHU-
MaTHYEeCKHX W TUIPOJIOTUYCCKUX YCIIOBUH (TeMIepaTyphl BO3IyXa, aTMOC(HEPHBIX
0CaJIKOB, COCTaBJIAIONTUX TEIJIOBOTO OajaHca).

[UKTMYHOCTS AMHAMHUKA TPUPOCTAa TOAWYHBIX KOJIEI[ 0OYCJIOBIIEHA PUTMaMHU
aTMoc(hepHON IUPKYISIIAK, KOTOpas SBISETCS KOMIUIEKCHBIM THIIPOKIUMATHYCCKUM
MOKa3aTelleM, HHTETPUPYIOIINM PEKUM TEMIIepaTyphl BO3yXa U aTMOC(hEpHBIX 0caj-
koB (baneibuna, Kapaxanss, 2007).

C 2003 r. u mo Hacrosiiee Bpems B MHcTuTyTe reorpaduu peanusyrorcs ma-
neonauamadTHRIC ccieqoBanus. OMHON W3 BEAYIINX 3a7a4 dTUX HUCCICIOBAHUN SB-
JsieTcs BBISBIICHHE TMPOCTPAHCTBEHHO-BPEMEHHBIX 3aKOHOMEPHOCTEH naHamadTHO-
KIIMMaTHYECKUX M3MEHEHUHN To31Hero roiomneHa B Boctounoit Cubupu. OcHOBHBIE
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MPUHIMIEL pabOT 3aKIIOYAIOTCS B CIEIYIOIEM: MHTETpalysl METOIOB M3y4YEeHUs Ma-
JICOKITMMATHYECKUX CHTHAJIOB, MIPOCTPAHCTBEHHOE COTPSDKEHHE U TeHETHYecKast 00m-
HOCTb OOBEKTOB HWCCIICJIOBaHWH, NMaHAMApTHAS PENpPe3eHTATHBHOCTh HCCIETyEMbIX
TEPPUTOPHIA.

B xoze nccnenoBanuii oMy4eHbl MaTepUabl, MOATBEPKIAIONINE, YTO TEIUIO- U
BJIaroo0eCcIeYeHHOCTh SIBIISIOTCSI OCHOBHBIMH (DaKTOpPaMu, BIUSIOIIMME Ha mpeodpa-
3oBanue JaHamadToB Bocrounoit CuOupu B ToOIIEHE KaK Ha PETHOHATBLHOM, TaK U
Ha JIOKaJTbHOM ypoBHe. Hambomee 4eTKO W KOHTPAacTHO M3MEHEHHWsS TEeIUIO- M BJIaro-
00€ecTIe4eHHOCTH MPOSBIISIIOTCS B XapakTepe OMONPOIYKINOHHBIX TPOLIECCOB U B pa3-
BUTHH OMOTHL. B yacTHOCTH, M3MEHEHHE CKOPOCTH Mpolecca TOpHOHAKOIIICHHS Jie-
MOHCTPHPYET OTUETIMBYIO CBSI3b ATOTO TpoIecca He TOJNBKO C TEII000ecredeHHO-
CTBIO, HO M BIIaro00eCIieYeHHOCThIO B TeocucTeMax 3amanHoro Ilpubaiikanes (Ky3s-
MUH U 1p., 2005).

[porpamMma n3ydeHus iaHAMIA(QTHO-KIMMATHYECKHX W3MEHEHWH MpeaycMar-
pHUBaeT CpaBHUTEIBHBIA aHATN3 Pa3HOBPEMECHHBIX PSIOB KIMMAaTHUECKHX Iapamer-
POB, PEKOHCTPYHNPOBAHHBIX, TJIABHBIM 00pa3oM, Ha OCHOBE JECHIPOXPOHOIOTUIECKHIX
n OmocTparurpaiIecKux, B TOM YHCIIe ¥ TATHHOJIOTHIECKHX, TaHHBIX. Ocoboe BHH-
MaHHe MIPU ATOM MPeIoiIaraeTcsl yAeIUTh aHaTN3y CHHXPOHHOCTU U CONPSKEHHOCTH
JUTMTETILHBIX M3MECHEHHH TeMIIEpaTyphbl M BIAXXHOCTH B pa3iM4HBIX JaHAmadrax, a
TaK)Ke YCTAHOBJICHHUIO aMIUIUTY/I KOJEOaHWH M SKCTPEMANIbHBIX BEJIMYHH TEMIIEpaTy-
pHI Bo3ayxa B atMoc(epHBIX ocankoB. TOTOBEIM pe3ylnbTaTOM JOJKHA CTaTh WHTE-
rpajibHasi MPOCTPAaHCTBEHHAs MOJEJIb U3MEHEHUH KiMMaTa Mo3AHero rojoueHa Boc-
touHoi Cubupwu.

Just ommcaHMs B3aMMOCBSI3M MEXIY THIAPOKIMMATHYECKUMH TapaMmeTpaMu
(cpemHre M SKCTpeMaibHBIE XapaKTEPUCTUKH TeMIIepaTyphl BO3/IyXa, aTMOC(EpPHBIX
0CaJIKOB, PEYHOr'0 CTOKA M Jp.) U KOCBEHHBIMH MHIMKATOPAaMH UX M3MEHEHHs (Ipu-
POCT HIMPUHBI TOJUYHBIX KOJIELl JepeBbEeB, H30TOIBI YIIepoia U KUCIOpoa U JIp.) Uc-
MIOJIB3YETCSI MAaTEeMaTHYECKHH anmapar — BEPOSITHOCTHAS MOJENb CBS3HM, OCHOBaHHAs
Ha OIIEHKE COBMECTHOTO paclpe/ie]IeHus BEpOSITHOCTE!. B 001ieM Buae MHOTOMEpHBIC
HEJIMHENHBIE CBA3H ONPEAETSAIOTCS B CIEAYIONIEH MOCIeN0BaTENbHOCTH!

1. Iouck mns QyHKIMU CHUCKAa TaKUX apryMEHTOB, YTOOBI UX KOMOHWHAIIHS
orpesensuia 3Ty (GyHKIIHIO JTydIIe BCEro.

2. I'enepanmst BO3MO>KHBIX KOMOWHAITHH.

3. CpaBHeHHE 3TUX KOMOHMHAIMH MO (GopMasbHBIM (CTaTUCTUYECKUM) KpUTeE-
pusiM, BBIOOp HanboJiee 3HAaYNTEIbHBIX.

4. ConepxaTenpHBI aHAIN3 — ONpEJeNieHHe CBSA3eH MPUYMHHOTO XapaKTepa
(TeHEeTHYECKUX CBA3CH).

5. Iloxbop mapaMeTpoB perpeccuu, CpaBHEHHE XapaKTepa CBSI3U C TEOpeTHYe-
CKUMH TIPEACTaBICHUSIMH.

BriOpaB rumorte3y, MBI MOXKEM HCIIOJIb30BaTh €€ JJIi BOCCTAHOBJIICHHS PSINIOB,
PEKOHCTPYKIIMH, TIPOTHO3A.
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Hamu pexoHCTpyupOBaHbI HEKOTOPBIE THAPOIOTUYECKUE XapAKTEPUCTUKU BOJI-
HBIX 00bekTOB BocTounoit Cubupu — o3epa baiikan u pexu Kyna (mputok AHrapsr).
PekoHCTPYKIIMY TTOTOANYHBIX JTaHHBIX HE TMOKAa3aldd yIOBICTBOPUTEIHHBIX PE3yIIbTa-
TOB, OJHAKO JyYIIAE Pe3yJbTaThl OBUIM MONyYEHBI MPH KOPPETSIUH PEKOHCTPYHPO-
BaHHBIX U (PAKTHYECKUX, HO CIIIAXCHHBIX N0 S-meTusiM. Bo3MOXXHO, 3TO HE NaeT WH-
(hopMaruu 3a KaxxJIpli TO/1, HO MPEJCTABNISCT IIUKIMYHOCTh KOJIeOaHU apaMeTpoB 3a
TIEPUO.T PEKOHCTPYKITHH.

BriBoAbBI

LuKIHIHOCTh JUHAMHUKH TPHUPOCTA TOMUYHBIX KOJell 00yCJIOBJIEHa pUTMaMU
aTMOC(EepHON MUPKYJISIIUH, KOTOpast SBISAETCS KOMIUIEKCHBIM THAPOKIMMATHIECKHM
MoKa3aTeseM, HHTETPUPYIOLIMM PEKUM TEMIEpaTyphl BO3AyXa U aTMOC(EPHBIX Oca-
KOB.

3a nepuoJ| peKOHCTPYKIMU CTPYKTYpa IHKIHYECKUX KOJIeOaHUH THIPOKINMa-
THYECKUX TTApaMETPOB HE MpeTepIieNa CyeCTBeHHBIX H3MEHEHHIH.

B Omwkaifiie nBa rofa miIaHUPYETCS PacIIUPUTH CETh JCHIPOXPOHOJIOTHYe-
CKOTO MOHHUTOpHWHTa Ha tore BocrouHoit Cubupu, BeIOpaB 0OBEKTHI HCCIICOBAHUN B
Pa3MUYHBIX (YHKIHOHATBHBIX THAPOJIOTHYSCKUX 30HAX, YTO IMO3BOJIUT yTOYHHUTH pe-
THOHAJIBHBIE OCOOCHHOCTH PUTMHUKH HPUPO/IHBIX MTPOIIECCOB.

Ha u3menenue croka BausieT KOMIUIEKC (PaKTOPOB KaK MPUPOTHOTO, TaK U aH-
TPOTIOT€HHOTO TPOUCXOKICHUS. Ha BHYyTpHUromoBoe nepepacnpeneneHie B OOJbIIeiH
CTETICHH JCWUCTBYIOT AaHTPOIOTCHHBIC HW3MEHEHUs, a KIUMaTH4YeCKUe W3MEHECHUs
BIMSIOT Ha TOOBYIO BEMUYMHY CTOKA. MMeer 3HaueHHe, B KaKOW 30HE MPOUCXOJST
W3MEHEHHUS TEIUIO- U BJIAroo0ECIieYeHHOCTH — B 30HE (POPMHUPOBaHUS, TpaHC(HOpMa-
UM WIN IpeHaxa croka. [Ipenmonaraercss pa3paboTKa pa3iUYHBIX CLeHapueB Oac-
CEHHOBOTO CTOKO(OPMHUPOBAaHHUS C MOCIEAYIONUIMM BBIXOJOM Ha 0acCeiHOBBHIN Me-
HE/DKMEHT — YIPaBJIeHUE BBIXOJIHBIM CHTHAJIOM Ha 3aMBIKAIOIIEM CTBOpPE uepe3 TH/I-
POKIMMaTHYECKHE H3MEHEHHS Ha OacceliHe.

Summary

The problem of climate change consequences draws steadfast attention of re-
searchers and is one of the major problems of natural science. The change in the basic
climatic parameters in the south of Eastern Siberia is estimated by the data obtained
for 1951-1995. The contribution to this change in global and regional factors is differ-
ent within a year. The detailed analysis carried out for Prebaikalia shows that an in-
crease in the average annual air temperature in the greater part of the territory is ob-
served with decreasing annual precipitation and reducing short-wave solar radiation.
Intensity distribution of considered climatic elements change is various.

The analysis of snow melting and rainfall maximum runoff series testify to the
tendency of snow melting maximum runoff reduction in the south of Eastern Siberia,
for the period of 1958-1992 the regression coefficients are mainly negative (water-
sheds of the Upper Lena, Upper Yenisei, Angara and Lake Baikal are investigated).
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For the rainfall maximum runoff series the values of positive and negative trends are
approximately equal. On the average the values of the spring snow melting and rain-
fall maximum runoff on the territory changed by 5-10 % every 10 years for the con-
sidered period as compared with average perennial maximum. Using the dendrocli-
matic information and the regression model, the series of some meteorological and
hydrological characteristics are reconstructed.
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NPOIECCOB B 03€pax M BOJOXPAHHJIUIAX

0. ®. Bacuibes, A. T. 3unoBbeB, T. 3. OBunHnnkoBa, A. H. CemuykoB
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Modelling hydrologic and hydrophysical processes in lakes and reservoirs

O. F. Vasiliev, A. T. Zinoviev, T. E. Ovchinnikova and A. N. Semchukov

Institute for Water and Environmental Problems SB RAS
Morskoy Pr., 2, Novosibirsk 630090, Russia

MatemaTtuyeckoe MOJETUPOBAHUE SBISETCS TJABHBIM CpPEICTBOM OLIEHKH
BIIUSHUS KITUMaTHYECKUX U3MEHEHUH HA TUAPOJIOTUYECKUM U THIPOTEPMUYECKUI pe-
XKHUMBI 03ep U BopoxpaHwinil. HeoOXoauMocTs paccCMOTPEHHS 3TUX W3MEHEHUH JUIs
TOJUYHBIX THAPOIOTUYECKHUX IHUKIIOB MPH PA3INYHBIX CIIEHAPUIX M3MEHEHHN KIMMa-
Ta JeNaeT IeJecoo0pa3HbIM HCIMONB30BaHHE HanOoIee MPOCTHIX MaTeMaTH4ecKhuX
MOJIETEH.

g MozenmupoBaHus TIPOIIECCOB, IPOTEKAIOIINX KaK B IMIPECHBIX, TAK U B MHUHE-
panu3oBaHHBIX Bogoemax, B UBOIT CO PAH paspaboransl 1Be Mojenu: o0beMHas
(HynpMepHasi) M BepTUKaibHasi ogHoMepHas. O0e MO/enu OCHOBaHBI Ha ypaBHEHHUSX
BOJIHOTO, TEMJIOBOTO U COJIEBOrO 0aJaHCOB M IMO3BOJISIIOT ONMCHIBATH XOA OCHOBHBIX
THIPOJIOTHUECKUX TpolieccoB B Bojpoeme. IIpu aToMm BepTHKanbHas OJHOMEpPHas MO-
JeNlb YYUTHIBAET OMNpEeIsioiee BIUSIHUE TYpOYJICHTHOCTH M IJIOTHOCTHOM CTpaTH-
(uKanMy Ha MPOLECCHl BEPTUKAIBLHOIO TEINIOMAacCOOOMEHA M OIUCHIBACT BEPTHKAIIb-
HBIE pacIpeeNieHus] TeMIepaTypbl U MUHEpaIu3alii B BOJHOU cpene. TypOymeHt-
HBII OOMEH OMMCHIBAETCS C MOMOUIBIO JIByXITapaMEeTPUUECKON e—&-MOAETH. YUUTHI-
BAIOTCSl TAKHE BAXKHBIE THAPOMETEOPOJIOTHUYECKHE (PAKTOPHI, KaK TEIUIO- M BJIAroo0-
MeH ¢ atMoc(epoil 1 (OpMUPOBAHHE JIEJOBOTO MOKPOBA. TepMOANHAMUYECKOE YPaB-
HEHHUE COCTOSHHUS BOJBI OTPaKaeT 3aBUCHMOCTD €€ IIOTHOCTH OT TeMIepaTyphl U MU-
Hepanuzanuu. [Ipy BeICOKOW MHHEpaln3aluy NPUHUMAETCS BO BHMMAaHHE TaKXKe ee
BIIUSIHHE HA TEMIIEPATypPy 3aMEP3aHUsS BOABI H MHTEHCUBHOCTD UCIIAPEHUS.

B macrosimet pabote omucaHa OJHOMEpHas BEpTUKAIbHAS MOJCIb M OIBIT €€
HCIIOJIb30BaHMS B YCIOBUAX PEATBHBIX BOJOEMOB.

KitoueBble cnoBa: MaTeMaTH4ecKoe MOAEIMPOBAHHE, TypOYJIEHTHbIH OOMEH,
MUHEPAJIN30BAHHBIE BOJAOEMBI.

57



OZIHOMepHafl BEPTUKAJIBbHAA MOJAEC/Ib

OcHoBHBIME ypaBHeHUsIMH Monenu (Bocharov et al., 1991; 3unoBseB u ap.,
1995) sBnsIOTCA ypaBHEHHUSI COXpaHEHUS] MacChl, HEPa3pPBIBHOCTH, TIepeHOca Teria 1
COJICHOCTH:

H
[ (91— o 12
0

am_y " T
dt ‘Qsmf ”
(2w
(az ):qin_q(mt’
oRT) ALWT)_ 0 5k O,y g T
ot 0z 0z
o(2S) o 0 )
Z(oOwS)=—| 0 K. nSin = DourS
ot +az( wS) 62[ S‘?Z]Jrqm o

3nech ¢ — BpeMms; H = H(f) — INIyOUHa; OCh z HaIpaBlieHa BBepX; (2= (2(z) — mio-
Wb TOPU3OHTAIBHOIO CedeHUs Bojoema; (2., =(2(H) — miomans cBOGOAHON

Su
MOBEPXHOCTH BOJIOEMA; W — BEPTHKAIbHAsl KOMIIOHEHTAa CKOPOCTH;  Gj,> G,,; — YACIb-
HBIIf PACX0J1 IPUTOKA M OTTOKA (Ha IMHHUILY ITyOWHbI); ¢, — YACIBbHBIN (Ha eAHHULLY
IUIOIA/AM) OTTOK BOJBI, CBS3aHHBIH C HWCHapeHHeM M o0pa3oBaHHEM JIbJa,;
T=T(z), S=S(t,z) — Temmeparypa u COJEHOCTb BOIbI B Bomoeme; T, Si —
TEMIepaTypa U COJICHOCTb BTEKarollel Boasl; Ky = y +a Vv, — KOdQPUIHEHT TeMIie-
paTyponpoBOIHOCTH; ¥ — KOI(GGHUIHUEHT MOJEKYJSIPHON TeMIepaTypONpOBOIHOCTH;
K — xoappunment nuddysun (3zeck nomaraercs Kg =K ); K =v+v, — koaddunu-

EHT BSI3KOCTH; V, V, — KO3(hGHUIMEHTH MOJCKYSIPHOH U TypOYJIEHTHON BA3KOCTH;
a=0.7.
Kpaessie ycnmoBus 3a1atores ciieayromum oopazom. Ha aue (z =0):

al:(), 67‘5‘:0, w=0.
Oz oz
Ha cBoGoHO# moBepxHocTH (z = H ):
oT oS
_— s K - = - S
pchT 62 (I) N az ( ev qpr)

3nech ¢, — ylelbHas TEIIOEMKOCTh BOABI; ® — TOTOK Tella Ha TPaHUIEe pasena
Bozia — armocdepa (Bojxa — nen); g o = yAETbHBIN (Ha eIUHUITY TUTOIIA ) IPUTOK BO-
IIbI, CBSI3aHHBIN C KUAKUMH OCAJIKaMU U TassHHEM JIbIa.

[Mapametpsr ¢, , § r OIPCHEISIOTCS C MOMOLIBIO CHCTEMbI OOBIKHOBEHHBIX JU(de-

pEHUHUATIBHBIX YPABHEHUMN:
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dt = Vi pi ~ Vei ti

IrAc vV, — CKOpPOCTb HapaCcTaHU: UM TasHUA JIbAAa CHU3Y,; V,, — CKOPOCTb TasHHs JIba

1

CBCpPXY, st — CKOPOCTb TasdHUsA CHCTra CBCPXY, Vpi — CKOPOCTH MpUpANICHUA TOJIIHUHBI
JbJda BCJICIACTBHEC aTMOC(i)epHI)IX 0CaaKoOB, Vps — CKOPOCTL NpUpaliCHUA TOJIIHWHBI
CHETra BCJICACTBHUC aTMOC(i)epHLIX OCaJKOB;V, — CKOPOCTb U3MCHCHHUS TOJIIMHLI JIba

BCJICACTBUC UCTIAPCHUSA WX KOHACHCAIIUU, Ves — CKOpPOCTb USMCHCHU TOJIIUHBI CHE-

ra BCJICIACTBUC HUCIIApPCHUA. 9TI/I BCJIMYUHBI OIIPEACIIAIOTCA HAa OCHOBE OMITUPUYCCKUX
cootHouienuii (Wake, 1979).

MopeaupoBanue TypOyJeHTHOTI0 00MeHa

Jns onpenenenus kodd@uuuenta TypOyJeHTHOH BA3KOCTH y, B HACTOAIIEH
paboTe MCTIOoIB3yEeTCs MByXIapaMeTpuieckas Moenb e—& (3MHOBBEB U JIp., 1995; Ba-
cuiibeB, 1999), omuceiBaromas mepeHoc KHHETHYECKOW YHEPTHH TypOyIIEHTHOCTH e U
CKOPOCTH €€ JUCCHIAIMH &. B MOJeNn yYUThIBaeTCS TeHepalusl TypOyJIeHTHOCTH 3a
CYET BEPTUKAJIBHOI'O CJIBUTA CKOPOCTH M KOHBEKTUBHOW HeycTOMYMBOCTH. [ Mope-
JUPOBAHUS TOPU3OHTAIBHBIX KOMIIOHEHT CKOPOCTH MCIOJIB3YIOTCS CIAEAYIOLINE YpaB-

HCHUH.
M+i(ﬂwu)—fﬂv = a[QKauj—gQ<aH>’

or oz oz oz ox
a(Qv)+i((2wv)+ fQu:i QK@ -gQ oH) .
ot Oz | Oz oz oy

3aech u,v — TOPU3OHTAJIBHBIE KOMIIOHEHTHI CKOPOCTH TE€UCHUS; [ =2wsing — mapa-

merp Kopuommca; @, — yIioBas CKOPOCTb BpalleHHs 3eMJIM U IIUPOTA;

<6H i OH\ _ CpenHre YKIOHBI CBOOOTHOM MTOBEPXHOCTH B HAIIPABICHUH OCEH x, y
ox oy

COOTBETCTBEHHO.

Jna ompeneneHusl cpeHUX YKIOHOB CBOOOJHOW MOBEPXHOCTH 3aJal0TCS JO-
MOJIHUTENbHBIC KUHEMATUYECKUE YCIOBUS ISl TOPU3OHTAIBHBIX KOMIIOHEHT CKOPO-
CTH:
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H

j u(t,z)B(z)dz = O

20
H b

[w(t.2)L(z)dz =0

Zo
rae B(z), L(z) — mMpuHa ¥ JJIMHA BOLOEMA COOTBETCTBEHHO;

1 y
=— f (g, +4,,)dz — cpemHHUIi PacXo.
2

Zl)

YpaBHEHUS e—&-MOJIENTN UMEIOT BU/I:

5(Q€)+a(Qwe):a[QKeaeJ+Q(P—g),

ot 0z 0z oz

a(as)+i(gwg)_ﬁ(g,{é_a_a]mﬁ(qp_cﬁ),
ot 0Oz 0z oz e

2 2
e P=v, oul L [ov +ﬁga—p; K,=v+a,v,; K, =v+a,v,; v,=Ce’le;
Oz Oz p* 0z

£ U p* — IJIOTHOCTH M CPEIHSISI IVNIOTHOCTH BOJIBI.
Omnupudeckne  KOdQQuUUHCHTH o =0,8; @, =1; «,=0,77; C,=0,09;
C =1,55; C,=1,92 (Orlob, 1983; Rodi, 1980).
I'panuyHEIe yCIIOBUS 1S YPaBHEHHUN e—&-MOJIEITH 3aITUCHIBAIOTCS B CIICAYIONIEM
Buje (Orlob, 1983; Rodi, 1980; Kamenkosu4, 1973). Ha mue (z=0):
3/2 81/7
% 0, e=c— k=i 7|7,
z Ly 0z
Ha cBoboamoii moBepxuoctu (z = H ):

3/2
Oe

= 3/2 — =
% g\ L e=c ¢, k9T,
0z P / oz p

3neck u =(u,v) — BEKTOp FOPU30HTAIBHON CKOPOCTH; T = (Tx’z—y) — HamnpsKeHHe Tpe-

uust Betpa; k= 0.014 — kospdunuent nounoro Tpeuus; [, [° — macmrabbl TypOy-
JICHTHOCTH y JHa U y CBOOOJHOH MOBEPXHOCTH COOTBETCTBEHHO. IMIHUPHUECKHE KO-
s¢duruents! nonaratotres paBubiMu C, =0,314; K =2,5 (Orlob, 1983; Rodi, 1980).

MogpenupoBanue ruApoJIOrH4ecKUX U ruApopu3u4ecKuX NPoLeccoB B 3al1aJHOH YaCTH
Apajbckoro Mmops

B corpynamuecTtBe ¢ ruaponoramu Haydno-nH(pOpManmoHHOTO IieHTpa Mex-
rOCyIapCTBEHHON KOOPJIWHAIIMOHHOW BOJOXO3SIMCTBEHHOW Komuccuu LleHTpanbHOMI
Azun (HUL| MKBK) u ruapobuonoramu Akagemun HayK Y30eKHUCTaHa Oblia BBITIOJ-
HeHa paboTa 1o M3yYeHHIO BO3MOXKHOCTH PeadIIUTAIIMN SKOCUCTEMBI HanboIee Tiy-
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Ooxkoii 3amagHoi yactu bonbimoro Apana (Bacunbes u ap., 2006). 3agaua npeamnona-
raeT M3MEHEHHE THIPOJIOTMYECKUX YCIOBHH paccMaTpuUBaeMoro Bopoema. Bozmox-
HBIM pelIeHHEeM SIBJSIeTCS MpsAMas MoJavya YacTH OCTaTOYHOTO CTOKa p. AMyAaph B
€ro I0’KHYIO 4acTb.

Npagnonarasran
nEaAys Boak

1 JensTa AMyAapeEH
Puc. 1. Cxema ApaibpcKoro Mops

Ha puc. 1 nokazana cxema Apana B 1957 1. u ero HacTosiIee COCTOSHUE C YKa-
3aHHUEM MECTa MPEATNoiaraéMoi oAa4YH BOJBI B I0T0-3aMalHON YacTH Mops. B tab. 1
IIPUBEACHBI TapaMeTPhl pacCMaTPUBAEMOT0 BOJOEMA.

JJ1st pOrHO3UPOBaHWS H3MEHEHHS YPOBHS BOJBI M COJIGHOCTH B 3alaTHON Jac-
1 Mopss HUL MKBK 651510 pa3pabortano 12 cueHapueB pacuera, IpeaycMaTpHUBaio-
LIMX [oJady BOJ AMyJapbu B 3TOT BogoeM. OHM OCHOBBIBAJIUCH Ha ABYX BapuaHTax
BOJIOXO3SIICTBEHHOM JICATEILHOCTH B JICTbTE P. AMYJapbt U TPEX CIEHAPHSIX €€ CTOKA
(HarMoHaNBHOE BHJICHHE, COXPAHEHHE CYHICCTBYIOIIMX TEHICHIWH, ONTUMHCTUYHBIN
cueHapuil). [y KaXmoro cueHapusl CTOKa MMejlach MUHMMajbHas U MaKCHUMaJlbHas
oreHka. Kpome Toro, m3ydascs ciydail MOJHOTO OTCYTCTBHSI MOCTYIUICHUS BOJBI B
BOJIOEM, YTO COOTBETCTBYET CYIIECTBYIOIIEH CUTyalluu B enbTe AmMyaapbu. [ns ka-
XKIIOTO CLieHapusl 3afaBajiach M MHUHepanu3anus nputoka. CpenHss rogoBasi mogada
BOJIBI B 3THX CLIEHApHSAX MEHANach oT 1,7 KM® B HaMMeHee GIIArONPHATHOM BapHaHTE
110 9,94 KM B ONITHMHCTHYIHOM.

[Ipu pacuerax B KauecTBE METEOAAHHBIX HCIOIB30BAINCH KINMATHYECKUE
(cpenHNe MHOTOJIETHHE) AaHHBIE C YCPEAHEHUEM IO MecauaM. Mcnonb3yemas Moelb
YYUTBHIBAET BO3MOXKHOCTh TIEPETOKA BOJIBI U3 3aMaIHON YaCTH MOPSI B BOCTOUHYIO.

B Ta6un. 2 mpuBeaeHsl 00beMBbI MOCTYIUICHUS! BOJBI B YCIOBUSX BOIOXO3SHCT-
BEHHOT'O BapHaHTa, MPeLyCMaTpHBAIOLIEr0 HAWOONBUIYI0 BOAONOAAYY B 3amagHYIO
4acTh MOps (C MAaKCHMATBHOM OIIEHKOM CTOKA).
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Tabmuma 1. 3anagnas gyacts bonsimoro Apana

MakcumarbHas TryOrHa Obbem [Inomangs NOBEpXHOCTU

46 m 63 kv’ 4730 km?

Tabnuna 2. HekoTopble clieHapuH Mogaqu BOIBI

Cienapuit Cpenusis FOI[OBaig

1o/1a4ya BOJIbI, KM
1. HanmonansHOE BUACHKE 5,00
2. CoxpaHeHue CYIIECTBYIOIIUX TEHISHIIUI 5,47
3. ONTUMUCTAYHBIN 8,94

Pacuetsl, BEINOIIHEHHBIE C HCTIOJIB30BAHUEM BEPTUKAIBHOW OJJHOMEPHON Mojie-
¥, TIOKA3aJId, YTO TPHU TEPHOJNIECKOH Mogayde T0CTaTOYHO OOJBIINX 0OBEMOB ped-
HOHM BOJBI (UTO BO3MOXXHO B TOJIbI TIOBBINICHHOW BOAHOCTH AMYIapbH) MOXKHO OCY-
LIECTBUTH ONPECHEHHE BOJ paccMaTpHUBaeMOW 4acTH MOps (C «BBIMBIBOM» H30BITKa
coJieil myTemM cOpoca JacTH TMO/aBaeMoOil BOIBI B BOCTOYHYIO YacTh). IIpenBaputens-
HEIE PacueTHBIC OIIEHKH MOKAa3bIBAIOT, uTO depe3 10—15 neT (¢ MoMeHTa Hadaja moja-
Y{ PEYHOM BOJBI) COJICHOCTHh BOJI pacCMaTpUBaeMO# TTyOOKOH 4acTH MOpS MOXKHO
CHHU3UTH JI0 SKOJIOTUYECKH MPUEMIIEMOTO YPOBHS.

Ha pwuc. 2 nmokasana nmuHamMHKa paclpecHEHUS MOPCKOM BOIBI JJISl CIIEHAPHUEB,
MIpUBEIEHHBIX B Ta0JI. 2.

Tl'onoBo#t pexuM MU3MEHEHHS COJIEHOCTH U TEMIIEpaTypbl MpOaHAIN3UPOBaH Ha
npuMepe Hanbosiee MHOTOBOJHOTO ToJla U3 PacueTHOTO MEPUOa Al «ONTHMUCTHY-
HOTO» CIIeHapusl. BBISIBIEHBI ClleAyIomIie OCOOCHHOCTH: ¢ Hadaia HOSOps U JT0 Havala
anpens (IATh MecseB) B BOJOoeMe HaOMIOJaeTCsl COCTOSHIUE TOMOXAJIIMHHOCTH, TPH-
YeM BeJIMYMHA COJIEHOCTH MEJIEHHO MOHIKAETCA, TaK KaK MMEET MECTO MPEBHIIIICHNE
o0BeMa 0caJKOB Haj HCHapeHHeM, a HeOONBIIoW 00bheM BOJBI TOJACTCS TIOYTH BCE
Bpems. C Havana ampens M A0 Hadajga HIONS MPOMCXOJUT HEKOTOPOE ONPECHEHHE
MIPUITIOBEPXHOCTHBIX BOJI, KOTOPHIE K HAa4aly aBrycra (T.e. IpUOIN3UTENbHO Yepe3 TpU
Mecs1a) pacIpoCTPaHIIOTCS B MPHUIOHHEIE CIIOU. B 3TOT meprnoa MakcUMalbHbIE pas-
JMYUSA MEXAY KOHIEHTPAIMsIMH COJIM Y MTOBEPXHOCTH U JIHA TOCTUTAIOTCS B alpene u
COCTaBJISIFOT OKOJIO 2 T/1I.
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Puc. 2. MHoroN€THSS IMHAMHKA CPETHEH COJICHOCTH, TTOTyYeHHAs M0 CIICHApHsIM U3 Ta0u. 2

B TemmepaTypHOM pexuMe IJIsl pacCMaTpHBAeMOTo IMEpHOAa MpPU TEX XKE Hc-
XOAHBIX YCJOBHUSIX BBISBJICHBI CIEAyIOIIME OCOOEHHOCTH: ¢ nekalOps mo mapt (T.e.
OKOJIO YETBIPEX MECSIEB B TOAY) HaOMIOAAETCSI COCTOSIHIE TOMOTEPMHUH C TEMIIepary-
poit mpumepHo ot +2 °C (B Havane aexadps) mo —7 °C (B Hagane mapra). K Hagamy
ampessi BEpXHHUE CIIOM BOABI YK€ HAUMHAIOT IIPOTrPEBAThCs, B TO BpeMs KaK HIDKHHE
BCE €Ille UMEIOT TeMnepaTtypy okoiio —7 °C. C ampens 1o aBryct TemrepaTypa BepX-
HUX CJIOEB BOJBI MTOCTENEHHO PACcTET 3a CUET MPOTrPEBaHMs U IIEpEMEIINBaHus ¢ bomee
TEIUIBIMU BOJAMH, ITOaBaeMbIMH B BojoeM. K Hauvamy aBrycra TemmepaTypa y Io-
BEPXHOCTH BOABI JAOCTUTaeT NpuOImM3utTensHo 24 °C, a 3aTeM HaYMHAET MMOCTENICHHO
MIOHIKAThCsI. B TO e BpeMs TemmepaTypa y [Ha B 00JacTH HauOONBIINX TITyOWH C
STHBapsI 110 HAa4aJIo CEHTSAOPs ocTaeTcsl oTpuLaTeabHON. B Havane ceHTIO0ps pa3sHMLA C
MMOBEPXHOCTHON TemmepaTypoi — nmpumepHo 21 °C. JInamnazoH u3MeHeHHUs NPUI0OHHON
TeMIepaTypsl coctaBiseT npumepHo 14 °C (B unTepBaie ot —7 go +7 °C), a y mo-
BEPXHOCTH ATOT nuana3oH — okouo 30 °C (B unTepBane ot —7 1o +23 °C).

Ha puc. 3 nokasansl BepTUKaJIbHBIE pacHpesieNieHus] TeMIIEpaTypbl U COJIEHO-
CTH, TIOJly4Y€HHBIE B 3TOM pacueTe.
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Puc. 3. XapakTepHble BEpTUKAIbHBIE PACTIPEACICHUS TEMIIEPATYPhI U COJIEHOCTH B PA3JINYHbIE
MEepUOBI Toaa

MopesmmpoBanne ruapopusnyeckoro pe:xxuma Tesenkoro ozepa

Tenenkoe 03epo — yHUKaJIbHBINA MPECHBIM NMPUPOAHBIN BOJOEM Ha tore 3amaj-
Ho#t Cubmpu. /{nmmuHa o3epa 77,8 kKM, MaKCUMallbHBIC IUPHUHA 5,2 KM, TIyOnHa 325 M.
B o3epo Bmamaer oxono 70 pek. OCHOBHasg 4acTh CTOKa B 03€pO MOCTYIMAeT depe3
p. Yyasimman (70-75 %) B 10)KHOM €ro KOHIIE U BBITEKAeT B MPOTHBOIOJIOKHOM Ye-
pe3 p. bus.

Hawnbonee nonnast HaTypHast HHGOPMAIHS O TEPMUYECKOM pexuMe Terernkoro
o3epa nana B padote (Cenereit u ap., 1978), rne otmeuaercs, uto Tenerkoe 03epo sB-
JsieTcs TUMUKTUYECKUM BOJIOEMOM C JIBYKPaTHBIM MEPEMEIINBAHUEM B TEUEHUE TOAA.
W3onuann TeMnepaTypsl, IOCTPOCHHBIE MO PE3yIbTaTaM PAacieTOB C HCIIOIb30BAHUEM
OJIHOMEpHON BEpPTUKAJILHONW MojienH (puc. 4) AeMOHCTPUPYIOT, UTO B 03€pe JBa pa3a B
roJ Ipu TeMIepaType MAKCUMAJIbHOU IUIOTHOCTH BOJBI BO3HHMKAET TEpMUYECKas He-
YCTOMYMBOCTh M Pa3BUBACTCS BEPTUKAIbHAs LMPKYJSua. Mozenb yIOBIETBOPH-
TEJBHO BOCTIPOM3BOJUT PA3BUTHE TEMIIEPATYPHON CTpaTH(UKAINH B JIETHE-OCCHHUN
nepuo (rmyOuHy cTpaTU(GUKALUK U JUTUTETFHOCTh €€ COCTOSIHUS ), X0 TeMIIepaTyphl
MOBEPXHOCTH o3epa. CpaBHEHME pacUETHBIX paclpeneleHui TeMIepaTypsl ¢ HaTyp-
HBIMH JJAHHBIMH TIOKa3bIBAET XOpOIIee KOJMYECTBEHHOE COTJIACHE B CPOKAaxX CMEHBI
THIPOJIOTHUECKHUX CE30HOB M KAaYeCTBEHHOE COBMAJEHHE IO BUIY TeMIIEpaTypHBIX
npodunei.
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Puc. 5. JIluraMyka TONIIMHEI JIEIOBOTO TIOKPOBA (CIUIONIHAS IMHUS — Pe3yIbTAaThI Pacyera,
MYHKTHPHAS JINHUSL — CPETHAE 3HAYCHUSI, TPEYTOJbHUKN — MAKCUMAJIbHBIC 3HAYCHUSI TOJIMHBI
npaa 3a 1954-1975 rr. oxomo nocenka fitmo)

Pe3ynbTaThl pacueToB MOKA3BIBAIOT, YTO B KOHIIE JIeKaOpsl — Havaje sHBaps TeM-
nepaTrypa MOBEPXHOCTHBIX c€I0€B BoAbl omyckaercs fo 0 °C, m Ha o3epe HauMHaeT
(dopmupoBaThcs JeAssHOM NMOKpoB. CIIIOMIHAS JHHUS Ha pHUC. 5 WIUIIOCTPUPYET pac-
CUMTAHHYIO TMHAMHKY POCTa-TastHUA JbAa o3epa. OTMETHM, YTO JaHHAS 3aBUCHMOCTH
nojly4yeHa 0e3 ydueTra CHEeXXKHOTO MOKPOBa Ha MOBEPXHOCTH JIb/Ia, IIO3TOMY BBIYHCIICH-
HbIE 3HAUYCHMS TOJIIMHBI JbJA JOJDKHBI OBITH OOJIBIIE HATYPHBIX BEJIHYHH.

PaboTa BrImtostHEHA TIpH yacTHIHON Tomaep:kke PODU (poekt Ne 06-05-65076)
U IporpaMMbl (QyHAaMeHTaNbHBIX HucchenoBanuii Ilpesuamyma PAH Ne 16 (mpo-
eKT Ne 7).
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Summary

Mathematical modelling is the main method of estimation of climate changes
effect on hydrological and hydrothermal regimes of lakes and reservoirs. A necessity
of considering these changes for annual hydrological circles under various scenarios of
climate changes makes expedient the use of the simplest mathematical models. The
models considered below are used as an example.

Two models are developed for the simulation of processes both in fresh and
mineralized water bodies: 0-D (zero-dimensional) and 1-D vertical. Both models are
based on equations of water-, heat- and salt balances and make it possible to describe
the main hydrological processes in a water body. The 1-D vertical model considers the
determining influence of turbulence and density stratification on vertical heat-and-
mass transfer processes and describes vertical distributions of water temperature and
mineralization. The two-parameter model e-¢ is based on concepts of turbulence ki-
nematic energy e and its dissipation rate . Turbulence is connected with induced hori-
zontal shear flows caused by wind. Such important hydrometeorological factors as
heat-and-moisture exchange and formation of ice cover are also taken into account.
The thermodynamic equation of water state used in modeling represents the depend-
ence of water density on temperature and mineralization. Under high values of miner-
alization its influence on freezing point and evaporation intensity is also considered.

The given models are applied for studying hydrological and hydrophysical
processes in the southwestern part of the Aral Sea. The possibility of ecosystem reha-
bilitation in this deepest part of the Aral Sea is studied in cooperation with hydrolo-
gists from the Scientific-Information Center of the Interstate Commission for Water
Coordination of Central Asia (SIC ICWC) and hydrobiologists from the Academy of
Sciences of Uzbekistan. For this purpose, it is required to reconstruct environmentally
acceptable hydrophysical conditions in that part, which can be done only by water de-
livery of Amu-Darya residual runoff to the southern part of that water body.

Calculations carried out using the 1-D vertical model show that water in the sea
site under study can be desalinated at the periodical transfer of sufficiently great
amount of freshwater from Amu-Darya due to washing out of the excess of salt by the
discharge of the delivered water to the eastern part. The preliminary calculations indi-
cate that the water salinity in the deep part of the sea under study can be reduced to the
environmentally sound level in 1015 years after the delivery of freshwater will be
started.

The 1-D vertical model is applied for modelling of hydrothermal regime of Telet-
skoe Lake in Altai. The results of calculations show good quantitative agreement in
periods of changes of hydrological seasons and qualitative coincidence in the form of
temperature profiles.
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HpHMeHeHHe ﬂIlepHOﬁ OL€HKHU MHOTOMEPHOI0 pacnpeaejcHus BepOﬂTHOCTEﬁ
AJIA UCCJICA0OBAHUA CBA3ZH KIIMMATUYECCKUX U THAPOJOIHYECKUX MapaMeTpoB
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Wncturyt reorpadun uM. B. b. Couasst CO PAH
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Using the Nuclear Estimate of Multidimensional Probability Distribution in
Investigating the Connection of Climatic and Hydrologic Parameters

A. V. Ignatov

V. B. Sochava Institute of Geography SB RAS
Ulan-Batorskaya St., 1, Irkutsk 664033, Russia

s moucka W W3ydeHHs MHOTO(AKTOPHBIX CTATHCTHYECKHX CBsI3€il THApOIIO-
THYECKUX M KIMMAaTHYECKUX XapaKTEPUCTUK HCIOIb30BaHa siiepHasi OLEHKA COBMECT-
HOH MHOTOMEPHOM IJIOTHOCTH PAacCIpenesieHusl BEpOsITHOCTU. I MOANEPKKHU pellie-
HUS 331a4¥ pa3pabdoTaHa KOMITBIOTEpHAs MporpaMma, peaju3ylollas ajJropuTMbI re-
Hepaluy, IPOBEPKU U 0TOOpa MydIIux runore3. s aHamu3a XapakTepa CToXacTHue-
CKMX 3aBHUCHMOCTEH NMpUMeHeHa Trpadudeckas BH3yaU3allisl UX PEerpeccuil B BUE
KYCOYHO-JIMHEWHBIX alllIPOKCUMAalUil. BeIsSBIsSieMble B pe3yabTaTe UCCIIECIOBAHUS HAU-
OoJiee yCTOHYMBBIE COOTHOILICHHUS MEXIY FHIPOJIOTHUECKUMH U KIMMAaTHYECKUMU Ta-
paMeTpaMu JaroT WHGOPMALUIO Ul 00CYXICHHUS 3aKOHOMEPHOCTEH MX AWHAMHUKH U
MOTYT OBITh UCTIOJIb30BAHBI B 33JjauaxX MPUOIIKEHHON PEKOHCTPYKIMHU U ITPOTHO3a UX
BPEMEHHBIX PSJOB.

KiroueBsle coBa: CTaTUCTHYECKAsk 3aBHCUMOCTb, COBMECTHOE PacIpe/IeNICHuUE,
perpeccus, NOUCK B3aUMOCBSI3el MEXAy IEPEMEHHBIMHU.

B nacrosiee BpeMs He moTepsiyia CBOEH aKTyallbHOCTH JaBHsS MpoOsema BbI-
SIBIICHUS] 3aKOHOMEPHOCTEH 0 TaHHBIM M3MEPEHHUH COBMECTHBIX 3HAYEHUH JOCTATOU-
HO OOJIBIIIOTO YHCIIa TIEPEMEHHBIX. HecMOTpst Ha TO, YTO 3TOH 3a7adue yxKe YACIIIOCh
MHOTO BHHMaHWUsI, THTAHTCKOE pa3Ho0oOpa3re BO3MOXHBIX BApUAHTOB €€ MOCTaHOBKH
U pEUIeHNs OCTaBIAET IIUPOKOE MOJIE IS HOBBIX MOIBITOK.

Onucanne MeToaa

PeanbHble maHHBIE YacTO MMEIOT Pa3IMYHYI0 TOYHOCTh M JOCTOBEPHOCTH.
VY4ecTb TOYHOCTH MOXKHO, OIHUCAB HNPUOIMKECHHYIO OLIEHKY C IOMOIIBIO IIOTHOCTH
pacmpezneneHusi BEpOSTHOCTH #{(X) TOTO, 9TO 3HAYEeHNE MEPEMEHHOMN B i-i peann3anun
paBHsieTcst x. JIOCTOBEPHOCTh OMUCHIBAETCS] C MOMOIIBI0 BEPOSITHOCTHON MEpHI JTOBE-
pust p; K MHGOpPMAUIMK O 3HAUYECHUM TEPEMEHHOW, COAEpIKaIleiCs B OLIEHKE 7{(X).
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OyHKIMIO 74(x) yA00HO Ha3BaTh QPyHKIMEH OLECHKH 3HAYCHHUS TIEPEMEHHON X WM MPo-
cto pyHkumel 3HadeHna. B Teopun HeueTKMX MHOXKeCTB (ABepkuH, 1986) mogoOHbBIE
(YHKIMY TIPUHATO UMEHOBATh (PYHKIMSAMH MpUHAUIeKHOCTH. Kornma 3HaueHus KOoH-
TPOJIMPYEMBIX XapaKTEPUCTHK U3MEPEHBl TOUHO, QYHKUUS 74(x) oOparmaercsi B 1enbTa-
¢ynkmuro dupaka. Ecin mannbie goctoBepHsI, To p; =1. Korma Bunm pacmpeneneHus
7(X) HEU3BECTEH, HO €CTh HEKOTOpasi MHPOPMAIIUS O MOBEJICHHN OIMUOKH H3MEPEHUs,
TO (PyHKIMS 3HAYCHUS MOXKET OBbITh aNpPOKCUMHUPOBAHA MOAXOJAIICH (QYHKIHUECH W3-
BECTHOH MaTreMaTH4yecKoil CTpykTypbl. Hambomee wacto BcTpeuarommmcs mpuoOiIu-
JKEHHBIM OITMCAaHWEM JaHHBIX W3MEPEHHI HENMPEPHIBHO M3MEHSIOIINXCS ITePEeMEHHBIX
SIBIIIETCS X WHTEpBalbHOE (X = X; £ A x;) mpenacrasienne (Bemnkanos, 1962). OHo
9KBUBAJICHTHO HUCIIOJIb30BAHUIO PAaBHOMEPHOW IJIOTHOCTU paclpe/ielieHus Ha 3a/iaH-
HOM HMHTEpBajie B KadecTBe (PyHKIMM 3HaYCHHUs TepeMeHHOH. J[pyruM pacmpocTpa-
HEHHBIM ONMCaHNEM 3HaYCHUH MePEeMEHHBIX SBISACTCS HCIOIb30BaHHE HHPOPMAIHN O
MaTeMaTHYECKOM OXHJAHUW 3HAYCHHS IEPEMEHHON U JUCIIEpCHH (MU CTaHIapTHOTO
OTKJIOHEHHs) OIIUOKK ee M3MepeHus. Takol moaxoa HHPOPMAIIMOHHO SKBUBAIICHTEH
(Bentnens, 1962) npuMeHEHHIO HOPMAIBHOTO paclpelesieHus B KadecTBe (QyHKIHUM
3HaueHus. Bo MHormx curyarnusx audQepeHIpoBaHHBI y4eT TOYHOCTH H JOCTO-
BEPHOCTH HMCXOJIHBIX MAaTEpUAlIOB MO3BOJISIET MOJIyYaTh HA MalbIX BBIOOpKax Oolee
Ha/eXKHbIe cTaTucTHueckue BeIBOAHI (["ackapos, Lllanmoanos, 1978). UrnopupoBanue
e 9TOoW WHGOPMAITMH MOXKET TPUBOJUTH K MPOTHBOPEUMBHIM WIIH Jake aOCypIHBIM
BBIBOJIAM.

Pemast 3amauy moucKa yCTOMUYMBBIX B3aMMOCBS3EH MEXAY IEPEMECHHBIMH B
JAHHBIX O 3HAYCHUSIX COBMECTHBIX peai3alril IOCTATOYHO OOJBIIOTO YKcia Hcclie-
OYeMBIX XapaKTEePUCTHK, 11eJIecO00pa3HO MEpeTH K Takoil (opme NpeacTaBlICHHS
HUMEIOIIEHCcS IMIUPUIEcKoi MH(OpMAIMK, TIPU KOTOPOH MPOIecC BBISBICHHS 3aKO-
HOMEPHOCTEH CTAHOBHUTCS aITOPUTMHUYECKH JOCTATOYHO MPOCTHIM. OIBIT HCCIIEA0Ba-
uuit (UaBuanuaze, Kymcumeumu, 1961; bepesun, 1965; Schuster, 1969; [106poBuios,
1971; I'ackapos, lllanoBanos, 1978) noka3siBaet, 4yTo MOI00HOM (HOPMOIT MaTeMaTH-
YEeCKOTO OMUCAHUS JaHHBIX HAOIOJCHUI MOXKET BBICTYIATh siiepHas oneHka (Parzen,
1962) coBmecTHOrO pacmpeneneHust BeposiTHocTeil. Ha ocHOBaHMM JOCTOBEPHBIX Ma-
TEpUaNIOB MPHONMKEHHBIX M3MEPEHUH Takas OIleHKa MOXET OBITh MpelCTaBlIcHa B
Bune (Uruaros, 1986, 1996):

f@ﬁif{ry(zg, (1)

i=l j=l1
IJIE 77 — YUCJIO COBMECTHBIX pealn3alMii; k — 4nCI0 NEPEMEHHBIX; 74(z;) — QyHKIMsA
IUIOTHOCTH BEPOSITHOCTH, OINUCHIBAIOIIAsl NPUOMIDKEHHOE 3HAYCHHME U OIIMOKY i-TO
U3MEPEHHUS j-i IEPEMEHHOM.
[TonpaBky Ha BO3MOXHYIO HEJJOCTOBEPHOCTh JAHHBIX MOKHO BBECTH, YBEIINIHB
COOTBETCTBYIOIMM 0OPa30M SHTPOIHIO OLIEHOK 3HAaYE€HHH 7(Z;). DTO MOXKHO ClIeNIaTh
(Urnaros, 2000), o0beAMHUB, HAIPUMED, JIBE OIICHKHU:

69



riz) = (1 )+ r )+ py),

rie ro(z;) — NPaKTHYECKU JOCTOBEPHAs, HO Yallle BCEro OYEHb HEOINPE/IEICHHAs OlICH-
Ka 3HA4YEHMs NEPEMEHHOH; p; — BEPOATHOCTHAs Mepa JIOBEPUS K MCXOJHOM OLIEHKE
ri(z); 1 j(z) — oObeNMHEHHAs, MeHee OMpe/eNeHHas, HO yXke Gojee JT0CTOBEpHAs
OLICHKA.

Tak Kak B COOTBETCTBUH C OJHUM M3 OCHOBHBIX TOJIOKEHHUH TEOPUU BEPOSITHO-
CTH COBMECTHOE PACHpEACICHUE ITOJHOCTHIO ONMHCHIBAET B3aUMO3aBHCUMOCTDh MEXIY
MEpEMEHHBIMH, TO €r0 olieHKa B (hopMe (1) MOXKeT BBICTyNaTh B KaueCTBE MaTeMaTH-
YeCKOW OCHOBBI MOJEIHMPOBAHUS KAaK CTOXACTUYECKHX, TaK W JETEPMHHHPOBAHHBIX
B3aMMOCBsI3eH Mexay HccieayeMbiMu napamerpamu. @opmyna (1), kak u Tabmuna
JAHHBIX O COBMECTHBIX 3HAUEHHUSX, OMHCHIBAET OIEHKY B3aUMOCBA3M MEXIY Iepe-
MEHHBIMU B HEBHOH (popme, HO, B OTIMYHE OT MOCIETHEH, TTO3BOJISET HANTH SBHYIO
OLIEHKY 3aBUCHUMOCTH JIIOOOH M3 MIEPEMEHHBIX B BUJE YCIOBHOTO PAaCHpEACICHUS:

0 m 0w m
SO/ =2rmI ) [ 2T, 2
i=1 Jj=1 i=l j=1

I7ie y — IPOU3BOJIbHAsA KOMIIOHEHTA BEKTOpa Z , pacCMaTpUBaeMas Kak 3aBHCHMas Tie-
peMeHHast; X — BEKTOp pa3sMepHOCTH m < k, 00pa30BaHHBI KOMIOHEHTAMH X;, Pac-
CMaTpUBAaEMBIMHU KaK apryMeHThI (PyHKITUH ).

Ilpu uccnenoBaHUU B3aMMOCBSI3H MEXIY MEPEMEHHBIMH Ba)KHO BBISIBUTH 3aKO-
HOMEpHOE OTKJIOHeHHE f(y/X) OT f{(y), 00yCIOBICHHOE 3aBUCUMOCTBIO (X ). Cliok-

HOCTB peIIeHHs 3TOH 3a/auu cBsi3aHa ¢ IByMs npoOnemamu. IlepBast 3akitodaercs B
TOM, YTO MPH OLIEHWBAHUHU f(y/X) MO pealbHBIM JAHHBIM MX YacTO OKa3bIBaeTcs He-
JIOCTATOYHO JUISI YCTAHOBJICHUS 3HAYMMBIX Pa3U4Uid MEXAY OIeHKamu f(y/X) u
fy). Bropas cBsi3ana ¢ TeM, 4TO HAINYHME 3aKOHOMEPHOCTH BBIPaXKaeTCsl Uepe3 coBep-
IIEHHO OTpeeNICHHBIN, HO HEM3BECTHBII CITUCOK apTyMEHTOB CTOXaCTHYECKON (PyHK-
LY Y.

ITepBBIM mpHEeMOM, TO3BOJISIOMINM MOBBICUTH CTATHUCTHYECKYIO JTOCTOBEPHOCTH
OLICHKU f'(y/X), SIBISICTCS] YMEHBIICHHE TOYHOCTH 3a1aHUsI MHOTOMEPHOIr'0 apryMeH-
Ta X.OTO MHPOpPMAIMOHHA TIJIaTa 3a TaKoe MOBbIIIeHHEe. YTOORI Ha OHOMN U TOM Ke
BBIOOpPKE JTAHHBIX 00Jiee TOYHO OLEHUTHh (PYHKIUIO f(y/X) , HEOOXOAUMO MEHEE TOYHO
3a/1aTh 3Ha4€HUE X . DTO MOXKHO CJIeJaTh C MOMOIBIO CIENUaIbHBIX QYHKIUHA V(X;),
MpUOIMKEHHO 3a/alomuX 3HaueHne X . C uX Ucmoib30BaHueM (hopMmysa AJisi BEIYKC-
JICHHS OIICHKH [ (y/X) MpeoOpa3yeTcs K BUIY:

i’?(J’)lﬂ[ JV(XJ-) V*ij(xj) dx;

i=1 =l x;

f[=3)=——, , 3)
211 .[v(xj) i (x;) dx;

i=l j=l x,
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rae X; — o6nacTh H3MEHUYMBOCTH COOTBETCTBYIONIErO aprymeHTa. Bropoii nmpuem 3a-
KIIFOYaeTcs B OTpyOJICHUHM ONEHKH f(y/X), BHIIIONHSAEMOW ITyTEM 3aMEHBI €€ MEHee

HOJIpO6HI)IM OIMMMCaHHUEM, HAIIpuMEp, CPEAHUM 3HAYCHUEM U )mcnepcneﬁ WA TUCTO-
FpaMMOﬁ ¢ HEOONBIIIMM YHCIIOM KIaCCOB.

Oco0eHHOCTH peaau3anuu MeToa Ha KOMIbIOTepe

Ilpn aHanm3e MHOTOMEPHBIX B3aUMOCBSI3EH MEXIY NEPEeMEHHBIMH AJISI KaX 10U
W3 HUX €CTECTBCHHOW TpeJICTaBIIsETCS 3a1a4a HaXOXICHHsI CIIHCKa apryMEHTOB, MPH
KOTOPOM BBIOpAHHBIM KPUTEPU OLEHKH CHJIBI CBS3U JOCTHTAeT COOTBETCTBYIOLIETO
sKcTpeMyMa. Ha mepBblii B3I pelieHre 3Toi 3a1a4u Moo Obl ObITh HAAEHO MPH
MIOJTHOM TIepe0ope BCeX BO3MOXKHBIX KOMOWHAIMi apryMeHToB. OHAKO 3TOT CIOCO0
TpeOyeT, KaK MPaBHiIO, CIUIIKOM OOJBIINX BBIUYMCIUTEIBHBIX 3aTpaT. M3BecTeH psia
MOJIXO/I0B K OTPaHUYEHHI0 MHOXECTBa MpPOBEpsieMbIX MpoOHBIX Mogaeneit ([peiinep,
Cwmur, 1973; HMBaxuenko, 1975; bpyccunosckuii, Pozenbepr, 1983). ABropom mist
peleHns 3ToM 3aa4un ObLT peaarn30BaH MOJUPHUINPOBAHHBIA METOI ITOCIIEI0BATEIb-
HOTO TOJKIIIOUEHHs apryMeHToB. Ero cyTh 3akimovaercst B TOM, YTO CHayajia dKCIep-
TOM (opMyIHpyeTcsl Kiacc MpoBepsieMbIX rumnore3. OH 3aJaeTcsi CIMCKOM BCEX pac-
CMaTpHUBaeMbIX KaK BO3MOXKHBIC apTyMEHTBI JaHHOW (QYHKIMH MEPEMEHHBIX, MAKCH-
MaJIHBIM YHCJIOM apTyMEHTOB MHOTO(AKTOPHBIX 3aBUCUMOCTEH M CIIOCOOOM IMOCTe-
MIEHHOTO yCJIOXXHEHUs NpoOHBIX Mozenel. [locie 3Toro KoMInplOTEpHON MPOrpaMMOit
BBITOJTHSETCS] TIOJHBIA TIepe0op U MPOBEpKa BCeX 0JJHO(MAKTOPHBIX MOJIENeH, B BCe ap-
TYMEHTHI PaHXXKUPYIOTCS 110 BEIHYHHE KPUTEPHS NpeIcKa3aTebHON CIOCOOHOCTH CO-
OTBETCTBYIOIIMX MoOJeJel. 3aTeM HpOBEPsIOTCA Bce NBYX(aKTOPHBIE MOAEIH, BKIIO-
YaoIINe B CIHUCOK MPEAUKTOPOB B 00s3aTEIBHOM MOPSAKE 33AaHHOE YUCIIO BBIOpaH-
HBIX Ha TIEPBOM IIIare apryMEHTOB B KauecTBe HauOoJiee MOAXOMSAIINX; MTOTOM — BCE
Tpex(aKTopHbIe, BKIIOYAIONINE 33aJaHHOE YHMCIO HAWIydlnx map, u T.7. Haumbomnee
BEPOSITHBIM 10 ()OPMaJIBHOMY KPHUTEPHUIO CUUTAETCS! CIIMCOK apryMEHTOB, IIPU KOTO-
POM JIOCTHTaeTCsi MaKCUMallbHash TOYHOCTh Tpe/ICKa3aHusl 3HAYCHUH 3aBHCUMOM Iie-
pemeHHO#. Beck mporecc ero moucka NpoTOKOJUpPYETCs, U MPOTOKOJ MOABEpraercs
9KCHEPTOM JOIMOJHUTEIILHOMY KOHTPOO. IIpy HE0OX0IUMOCTH Ki1acc MPOBEPsSEMBIX
THIIOTE3 M3MEHSETCS, B YaCTHOCTH, HEKOTOPBIE MEPEMEHHBIE MOTYT OBITh MPHHY -
TEJILHO BKITIOYEHBI B HANOOJIee BEPOSTHBIN CIIMCOK, U MPOIIECC IOUCKA ONTHMAaIbHOM
MOJIEITU TIOBTOPSIETCA.

[Ipn umHTEpIpeTalMi MHOTOMEPHBIX MOAEIEH CTATHCTUYECKOW 3aBUCHMOCTH
MEPEMEHHBIX OY€Hb BaXKHO MMETh BO3MOXKHOCTH MOJIyuYeHHS MH(POpMAIMK O TOHOJO-
THYECKOM XapakTepe 3TOW 3aBHCUMOCTH B HarJIIHON A ucciemoBatens (opme.
Yno6HO#H Bu3yanm3anuei cirydaifHod (hyHKIIUM OJHOTO apryMEHTa SIBIIIETCS TpaduK
€e YCJIOBHOI'O CPEIHEro, a IByX apryMEHTOB — CEMEHCTBO COOTBETCTBYIOLINX Ipadu-
KOB. MHOrOMepHas 3aBUCUMOCTh BH3YIM3UPYETCSI MHOXKECTBOM €€ OJIHO- WIIH JIBY-
MepHBIX cedeHuil. [Ipyn Busyanusannu yclnoBHBIX CPEOHUX yAOOHO HCIONB30BaTh UX
KYCOYHO-JTMHEHHYIO alllPOKCUMAIINIO, COSANHSIS MPSAMBIMU JTUHUSAMHU TOYKH, OTIpelie-
JsieMble COOTBETCTBYIONIMMH CPEJHUMHE 3HAYCHUSIMU apryMenTa u ¢ynkiun. [Ipu ta-
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KOH anmpoKCHUMaIiK, YIpaBiisisi YHCIOM CTEIeHeH CBOOOABI M criocoOoM pa3dueHHs
Ha YacTH MPOCTPAHCTBA apryMEHTOB, MOXXHO, MPAKTHUECKH He HaBs3biBas (Qopmy
KPHBBIX, 00E€CIEUNTh X JOCTATOYHYIO INIAAKOCTh. BBIBOI Ha KpaH KOMIbBIOTEPA I10-
CJIEIOBATEIbHOCTH OAHO- WM JIBYMEPHBIX CEUCHUH M TOAOOP MX KeJIaeMOW TaiKo-
CTH TIO3BOJISIET TOJYYUTh JOCTATOYHO MOAPOOHOE MpEACTaBICHHE O XapakTepe Hc-
clleIyeMOil MHOTOMEPHON 3aBUCHMOCTH.

Pe3yJ'l])TaTbl NPUWIOKCHUSA K THAPOMETECOPOJOTrHYE€CKUM TaHHBIM

Ha puc. 1-4 moka3zansl HEKOTOpbIE PE3yJIbTaThl MPUMEHEHHS OMHMCAHHOW TeX-
HOJIOTHH K UCCIICIOBAHUIO THAPOJIOTHUECKUX U METEOPOIOTHYECKUX JaHHBIX. B kiac-
CHUECKOH 3amaue ¢popMupoBaHUs ruaporpada BeIOOp Hanboiee 3HAUUMBIX METEOPO-
JIOTHYECKHUX q)aKTOpOB, OIIPEACTIAIONINX 3HAYCHUSA TUAPOJOTHYECKHUX ITapaMETpPOB, U
OLIEHKA XapaKTepa MX B3auMOCBA3M (pHc. 1) moMoraroT Jiyyine MOHITh T'eHEe3HUC U 3a-
KOHOMEPHOCTH (OPMHUPOBAHMSI CTOKAa B 3aMBIKAIOIIEM CTBOpe BojpocOopa. [dpyrum
AKTyaJIbHbIM HaIllpPaBJICHUEM CTATHUCTHYCCKHUX I/ICCJIe)IOBaHI/Iﬁ SABISICTCA HCCIICAOBAHUC
peaKknuy peruoHaJbHBIX reorpaguuecKux XapakTepUCTHK Ha M3MEHEHHS II100anbHBIX
napaMeTpoB kinMmaTa 3emid. [Ipumep olleHKH Takux cBA3el Mokas3aH Ha puc. 2. B 3a-
Ja4€ BOCCTAHOBJIICHUS I/ICTOI_‘)I/I‘IGCKOﬁ JUHAMUKH TUAPOJIOTUYCCKUX U KIIMMATUYCCKUX
MIEPEMEHHBIX 4acTO TpeOyeTcsl HAallTH OTKIMK Ha UX W3MECHEHUS, 3allMCAHHBIA B 3Ha-
YCHHUAX MMapaMETPOB JPEBECHBIX KOJICI], CJIOCB JICAOBLIX KCPHOB U JOHHBIX OTJIOKEHUH
u T.4. Ha puc. 3 nmoka3aHsl HEKOTOpbIE 0COOEHHOCTH COBMECTHOTO ITOBEICHUS 10100~
HBIX XapaKTepUCTHK B balikaabcKOM perroHe, BBIIBICHHbBIE C IIOMOLIbIO pa3paboTaH-
HBIX TIPOTPaMMHBIX CpeAcTB. Ele ojHa mpakTudeckd BaxkHas 001acTh NPUMEHEHHS
BEPOSITHOCTHOTO MOJCIIMPOBAHUS CBA3CH HA OCHOBE JIAHHBIX HAOIIOJCHUI — THIPOIIO-
ruyeckre nporHossl. Hamnbonee 3ddexTuBHBIE pe3yabTaThl MOMYYalOTCsl IPU COBME-
CTHOM IPOTHO3UPOBAHUU TPYMIIBI B3aUMOCBSI3aHHBIX XapakTepHCTHUK. [Ipumep mpo-
THO3a, IIOCTPOCHHOTO TI0 OJHOW W3 TaKMX MOJEIICH, IPUBEICH Ha puC. 4.

CTok 3a wonb
0

CToK 33 MIOHL

BEL " 0

Fal - .
Cymima 0CAAKOD B BHAE CHera CyMma ocankos sa wonb

Puc. 1. OHeHKa 3aBUCUMOCTU MECAYHOT'O CTOKA B 3aMbIKAOIIEM CTBOPE OT BEJIMYUHBI OCAIKOB,
BBINMAJAOIIUX Ha BOHOC60p
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Summary

A statistical characteristic satisfying the condition of obtaining information on
variability and interrelation of some parameters contained in their values measured can
be constructed. The characteristic is the kernel estimate of joint multidimensional den-
sity of probability distribution. Such estimate is convenient for studying the statistical
dependence on several factors. In this case, the initial data should be represented as a
table of parameter values. The advantage of the method is particularly obvious, when
the initial data have different accuracy and reliability.

The developed approach makes it possible to construct the adapted formulas
and algorithms for calculating joint probability density under the condition of limited
measurements quantity. They provide investigation into the nonlinear regressions from
many factors based on real data. Dependencies hidden in observation data can be
found by formulating, testing and selecting the best hypotheses on the interrelation of
parameters. Visualization of regressions is used in investigating the character of de-
pendencies. The resulting steady connections between the parameters provide infor-
mation for discussing the regularities of their dynamics and can be used in tasks of ap-
proximate reconstruction and forecasting of their time-series.

The method was applied in tasks of searching of and studying interrelation be-
tween annual values of local and regional hydrological and climatic characteristics,
their connection with global climatic characteristics and content of the O'® isotope in
tree rings. It is also used in prognostic tasks. The efficiency of the method is proved by
the obtained results.
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Bo3Mmo:kHbIe H3MeHEeHHsI CTOKA HAa BogocOope JlafoKcKoro o3epa u ero
(ocopHoro pexxnmMa B pe3ysibTaTe H3MEHEHHsI KIMMATHYECKUX TAPaMeTPOB
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Estimation of Changes of Runoff in Lake Ladoga Catchment and its Phosphorus
Regime as a Result of Possible Climate Changes

S. A. Kondratyev and M. V. Shmakova

Institute of Limnology RAS
Sevastyanova, 9, St.-Petersburg 196105, Russia

3a OCHOBY OLIGHKM M3MEHEHHH cToKa ¢ BomocOopa JlagoKckoro osepa U ero
(dhocdopHOTO pexrmMa B pe3ynpTaTe BO3MOXXHBIX U3MEHEHHH KIIMMarTa IMpUHSAT CIIeHa-
puit ECHAM4/OPYC3. [lyist aganraniuu CiieHapys K YCIOBHSIM M3y9aeMoro BOJI0c00-
pa HUCHOJb30BaH METOJ KOPPEKTHPOBKH 3HAUYEHUH CpPEeTHEMECSYHBIX MOJENIbHBIX
KIIMMATHYECKUX MapaMeTpoOB C yUETOM OCOOCHHOCTEW METEOPOJIOTHH paccMaTpHuBae-
Moro BogocOopa. Pe3ynpTaThl pacueToB CTOKa ¢ BOAOCOOpa IMO3BOJISIOT MPEIIOIIO-
J)KUTh, 4TO K KOHIy XXI B. IpOU30HAET CMEILIEHNE MAaKCUMAJIbHBIX PAacX0JI0B BECEH-
HETO TOJIOBObs B OoJiee paHHUH Nepuo. YBEIHMYCHNE UCTIAPEHHUS B TEIUIBIA TepHOA
rojia, BO3MOKHO, IPHUBEAET K CHIKCHUIO MEXEHHBIX PacXoZOB BOABI B IPUTOKAX,
JIETHETO yBIXKHEHUsI BOJOCOOpa M CYMMapHOTO roJoBOro cToka. COOTBETCTBYIOIIEE
yBeJTUYEHHE KOHIEHTpauu oomero ¢pocdopa B o3epe He MPEBBICUT 4 % MO OTHOILE-
HHUIO K COBPEMEHHOMY 3HAUCHHUIO.

KimtoueBsie ci0Ba: KIIMMAaTHYECKUE ITapaMeTphl, CTOK, o0t dhocdop.

Jlanoxkckoe o3epo miomansio 18000 kM> ¢ 00BEMOM BOIHOH MACCHI OKOJIO
900 kM’ B CyMMAapHO# TIOmAIBI0 BogocGopa okono 280000 kM* sBIISETCS KpyIHEH-
muM o3epoMm EBpombl. BomocGopHblit OacceliH o3epa pacloyioKeH Ha TEPPUTOPUHU
Tpex rocynapcts — Poccun (80 % ot oOmmieit miomann), umnstannu (19,9 %) u beno-
pyccun (0,1 %). Ctok u3 Jlagoskckoro o3epa MpouUCXOoauT 1o peke Here, Bmamaromeit
B Hesckyro ry0y ®@unckoro 3anuBa. Jlagoxckoe 03epo ABisieTcs: 6e3a1bTepHATUBHBIM
HUCTOYHUKOM MHUTHEBOro BogocHaOxeHuss Cankt-llerepOypra c ero moutn 5-
MWIIHOHHBIM HaceneHneM. OJHa U3 OCHOBHBIX SKOJOTHUYECKHX mpobieM Jlamgoxkcko-
ro o3epa — 3BTpoHpOBaHUE, MPUUYMHA KOTOPOTO 3aKITI0YACTCs B OOOTAlIeHUH BOJ
(hocdopoM Kak MPUPOAHOTO, TAK M aHTPOMOTEHHOTO MPOUCXOXKIAeHHs. B pesymprarte
MHTEHCUBHON XO3SMCTBEHHOW JAESTEIBHOCTH W HEYAOBIETBOPUTEIBLHOIO KadyecTBa
OYHCTKHU CTOYHBIX BOX B cepenune 1980-x rr. Tpodrueckuii craryc Jlamoxkckoro o3ze-
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pa BIUIOTHYIO TpubOmu3mics K 3BTpodHoMy. [locnemyrommii SKOHOMAYECKHI crian u
COOTBETCTBYIOIIEE CHM)KEHHE HArpy3KH Ha 03€pO CIIOCOOCTBOBANM IOCTEIIEHHOMY
YIY4IIEHUIO €r0 cOocTosHus. TeM He MeHee yrposa 3BTpodupoBaHus Jlamoskckoro
o3epa Mo BIUSHHUEM Pa3JIMYHBIX MPUPOJHBIX W aHTPOIIOTEHHBIX (PaKTOPOB MPOJOII-
JKaeT BOJIHOBATH CIIEI[HAIMCTOB U B HACTOSIIIEE BPEMS.

Lenpo HaHHOTO HMCCIEIOBAHUS SBISIETCS NMPOTHOCTHYECKAs OIEHKa BO3MOXK-
HBIX U3MEHEHUH CTOKa ¢ BojocOopa Jlagoxckoro o3epa u ero pocopHOTO peknma B
pe3yiabTaTe mpeanojaraeMblx u3MeHeHui kinumata B XXI B.

B kxauecTBe HHCTpYMEHTa IS pacyeToB CTOKa ¢ BojocOopa Jlamoxkckoro o3epa
MIPU M3MEHSIOUINXCS KIMMAaTHYEeCKUX MapaMeTpax HCIoJIb30Bajach THJIPOIOrHyecKas
Mojzienb, paspabotanHas B VHCTHTYyTe 03epoBeneHUs W BepuUIIMPOBAHHAS Ha psJie
BogocOopoB Oacceitra Jlamoxckoro ozepa (Kornpartwses, 1990; Konapartses, [1IMmako-
Ba, 2005). Mojienb MO3BOJSAET BBITONHATH PACUYETHl XapaKTEPUCTUK (HOPMUPOBaHUS
CHEYKHOT'O TIOKPOBA, CHETOTasiHUSI, YBIa)KHEHHS IIOYB 30HBI a3pallii, CyMMapHOIO Uc-
napeHus, GopMUpOBaHUS BOAHOTO CTOKA (C pa3Ae’cHueM Ha ObICTPYIO U MEAJICHHYIO
COCTaBJIAIOIINE) B 3aBUCUMOCTH OT 0CajKoB (R), Temreparypsl Bo3ayxa (7), xapakre-
PUCTHK MOACTHIIAIOLIEH TOBEPXHOCTH.

bananc obuero gocdopa (P,s,) B JlanokckoM o3epe olieHUBANICS 10 pe3yJibTa-
TaM pacueTa Harpy3ku P, Ha IOBEPXHOCTHBIE BOJIHBIE PECYpChl Oaccelina, cpopmupo-
BaHHOW TOYEYHBIMH M PACCPEIOTOYEHHBIMH HCTOYHHMKAMM 3arpsisHeHus, hochopo-
yIepKUBAIOLIEH CIIOCOOHOCTH BOIHBIX OOBEKTOB BOJIOCOOpA M OCHOBHBIX BOJOEMOB,
BHYTPEHHEH Harpy3Ku U aTMOC(EPHBIX BbINAAEHUI! P,g,, @ TaKKe BbIHOCA P,q, U3 03€pa
co ctokoM peku Herr (Kondratyev, 2005).

OcCHOBO# 11 TIPOBEACHUS PAcUETOB IO MOJENSM W CO3JaHUS NPOTHOCTHYE-
CKO#l OIIEHKM BO3MOXXHBIX M3MEHEHHH cToKa ¢ BomocbOopa Jlamokckoro osepa m ero
dhocdoproro pexuma B XXI B. BEIOpaH clieHapuii H3MEHEHUN KIMMAaTUYECKUX Tapa-
metpoB ECHAM4/OPY C3, paccunTaHHBIN 10 MOJIENIH OOIIEeH IUPKYISIIUN atMoche-
pBI ¥ OKeaHa Jijisl yCIIoBHUi BojocOopa Jlamgoxkckoro o3zepa ¢ 1861 mo 2100 r. (Apre u
np., 2000; Uomumera u ap., 2001). O6mrast TeHaeHITNS n3MeHeHusT R 1 T B COOTBETCT-
BHY C YKa3aHHBIM BBIIIE CIIEHAPUEM MPOUILTIOCTPHPOBaHa B Tabm. 1.

IIpuBeneHHBIE NaHHBIE CBUJIETENBCTBYIOT O BO3MOKHOM IOBBIIIEHUH TOJ0BOTO
CJIOSl OCaJIKOB M CPETHETO0BOM TeMIlepaTyphl Ha U3yd9aeMOi TEPPUTOPUN COOTBETCT-
BeHHO Ha 60 MM/Tox u 3,3 °C Bo Bropoii monosuHe XXI B.

BriOpannbIii clieHapuii JOCTATOYHO aIeKBATHO OMHUCHIBACT AWHAMHUKY CpEIHE-
TOJIOBBIX 3HAYCHHUU KIMMAaTHYEeCKUX mapameTpoB R u T 3a mepuoj HaOmoaeHuid. O-
HAaKO 3HAYCHHS CPEeIHEMECSYHBIX M3MEPEHHBIX CJIOEB 0CaIKOB Ha BogocOope Jlamox-
CKOTO 03€pa CYIIECTBEHHO OTIMYAIOTCS OT Pe3yNbTaTOB pacdera Mo MOJENU oOmei
LUPKYJSIUN aTMOc(epsl TSt TOTo ke nepuoaa (puc. 1). [loaTomy Henb3s CpaBHUBATH
pe3yNbTaThl pacuyeToB MO THAPOJIOTHYECKOH MOJIENH, BBIIOJHEHHBIE MO JaHHBIM H3-
MEpEeHHH W TIO CIICHapHBIM OIIEHKaM KIMMATHYECKHX IMapaMeTpoB, TaK KaK B ATOM
CIly4ae pa3ifuusl B UCXOJHBIX TaHHBIX SBJISIOTCS OCHOBHOW MPUYHHON pa3nuyus Me-
XY pe3yibTaTaMi MOAETUPOBAHUS.
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Tabmuna 1. OcpenHeHHbIE 3HAYEHHS OCAIKOB U TEMIIEPATYPhl BO3AyXa 3a MEpUo]| HadIo Ie-
HUI U pacCUNTAHHBIC HA MIEPCIIEKTHBY
WurepBai BpeMeHH 1951-2000 2001-2050 2051-2100
R, Mmm/Ton 619 647 679
T, °C 5,0 6,7 8,3

Jns apanranuy cueHapus K YCJIOBHSAM H3y4aeMoro BomocOopa HMCHOJIb30BaH
METO]T KOPPEKTUPOBKH CPEAHEMECSIHBIX 3HAYCHWH MOJAEIBHBIX KIMMAaTHYeCKUX Ia-
paMeTpoB ¢ Y4eTOM OCOOCHHOCTEH T'HIPOMETEOPOJIOTHH PacCMaTpHBaeMOro BOJO-
cbopa. Meron OCHOBAaH Ha HCIOJIB30BAaHUH COOTHOIIEHHH, CBA3BIBAIOIINX 3HAYCHUS
M3MEPEHHBIX KIIMMATHYECKUX IMapaMeTpOB M PACCUYUTAHHBIX MO MOAENH OOIIeH Iup-
kymsaaun atMocdepsl (Konaparses, bosbikun, 2003). OTKOppeKTHpOBaHHAS MPOTHO-
CTHYECKasl OLIEHKa BO3MOXKHOTO OyIyIIero M3MEHEHHs 0CaIKOB MpeACTaBIIseT co0on
BHYTPHUI'OJIOBOE W3MEHEHHE HM3MEPEHHBIX CJIOEB OCAJKOB, TPaHC(HOPMHPOBAHHOE C
y4€TOM OCHOBHBIX CMOJETUPOBAHHBIX TEHACHLIMH.

90 7 F, mmimec
80 4
70
G0
a0 A

40

304

——1850-2000 { M3MEpEHHEIE )
20 — — 1850-2000 { ECHAM4 )

Puc. 1. CpenHemecssaHble 3HaUYSHUS 0CAIKOB T BoocOopa Jlamokckoro o3epa mo JaHHBIM
n3mepenuii B coorercTBiH co cieHapueM ECHAM4/OPY C3, ocpeanensnsie 3a 1950-2000 rr.

Ha puc.2 u 3 mnpuBefcHBl OTKOPPEKTHUPOBAHHBIC NMPOTHOCTUYECKHUE OIICHKH
BHYTPHUTOIOBOTO pactpeneienns R u T, IOTydeHHbIe C y4eTOM JTaHHBIX U3MEPEHUH ¢
HaJIOXKEHUEM CMOJIEIMPOBAHHOTO TpeHaa uX u3MeHenuil B XXI B. U ocpe/THeHHbIE TS
1950-2000, 20012050 u 2051-2100 rr. Yka3aHHbIC JaHHBIC HCIIOJb30BAIMCH B Ka-
YecTBE BXOJHOW MH(OPMAIIMU MPU MOACITUPOBAHUH CTOKA ¢ BojocOopa Jlamoskckoro
03epa, a 3ateM U ero (ocdopHoro OanmaHca.

i amanTanyy CIGHApUs K YCIOBHSM H3y4aeMOro BOAOCOOpa HCIOJIb30BaH
METOJT KOPPEKTUPOBKH CPEAHEMECSYHBIX 3HAYCHUH MOJACTHHBIX KIMMATHYSCKUX Ia-
paMETpOB C y4eTOM OCOOEHHOCTEH THAPOMETEOPONIOTHH PACCMATPHUBAEMOTO BOJIO-
cOopa. Merol OCHOBaH Ha UCIOJB30BAHUN COOTHOIICHHUH, CBI3BIBAIOIINX 3HAYCHHS
M3MEPEHHBIX KIIMMATHYECKUX MMapaMEeTPOB M PACCUUTAHHBIX MO MOJCIH OOIIeH Iup-

78



kymsauun atMocgepsl (Konaparses, bosbikun, 2003). OTKOppeKTHPOBaHHASI POTHO-
CTHYECKasl OLEHKa BO3MOXKHOI0 OyIyIIero M3MEHEHHs OCaIKOB IPEACTaBIIseT cOOOH
BHYTPHUTOZIOBOE HM3MEHEHHE H3MEPEHHBIX CJIOEB OCAIKOB, TPaHC(HOPMHUPOBAHHOE C
y4€TOM OCHOBHBIX CMOJEIUPOBAHHBIX TEHACHLINH.

= 7R mmisar
a0 -
70 4
)
o — 1950-2000
B — = 20M-2050
10 4 — - — 2051-2100
Mec
i} T

Puc. 2. CpenHeMecsiyHbIE OTKOPPEKTHPOBAHHBIE 3HAYESHUS OCAKOB JUI BOJ0cO0pa
JlapoxcKoro o3epa, OCpeIHEHHBIE 32 PACCMAaTPUBAEMbIE HHTEPBAJIBI BDEMEHU

R
_ —— 1950-2000
1 _omUTIN == 20002080
Fori - — 2051-2100

Mac
E T A vl
1 2 3 4 5 L} T 8 g o 11 12
Puc. 3. CpenHeMecs4HbIe OTKOPPEKTHPOBAHHBIC 3HAUEHHS TEMIIEpaTyphl BO3ayXa s

Boaoc6opa Jlamosxckoro 03€pa, OCPECAHCHHBIC 3a PACCMATPHUBACMbIC NHTCPBAJIbl BPEMCHU

Pesynprarhl pacueToB cToKa ¢ BogocOopa 1 puToka B Jlamoxckoe 03epo ¢ BO-
nocbopa ¢ MECSIYHBIM IIaroM IO BPEMEHM HpuBeneHbl Ha puc. 4. MoxHO mpenmnosno-
KUTh, 4TO K KOHIy XXI B. TpoU30HJET CMEIllEHNE MAaKCUMAJIbHBIX PacXoJlI0B BECEH-
HETO TOJIOBOJbSI B Oojiee paHHUH MEPHOA 3a CUET MPEArNoaraeMoro MOTEIIeHUs,
MPOWJLTIOCTPUPOBAHHOTO HA pHUC. 3. YBEIHMYEHUE HCIAPEHUs B TEIIBIA MEPHOM roja
(puc. 5) mpuBeneT K CHIDKEHUIO MEXEHHBIX Pacxo/0B M, BO3MOXKHO, K HEOOJBIIOMY
CHIDKEHHUIO CYMMapHOT'O TO/I0BOTO CTOKA Ha U3y4aeMoW TEpPUTOPUH.

79



1%, rniMEc

1950-2000
—_ = 2001-2050
— = 2051-2100

Merc

i P 3 i 5 & T -] a 0 1 12
Puc. 4. Croii cToka ¢ BogocOopa JIamokckoro o3epa, paCCYUTaAHHBIN TI0 OCPETHCHHBIM
JTAHHBIM 00 ocajKaxX M TeMIepaType BO3ayXa
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Puc. 5. CymmapHOe ucnapeHue ¢ IOBEpXHOCTH BOIOCOOpa pacCUyUTaHHOE MO OCPEAHCHHBIM
JaHHBIM 00 OcajKax U TeMIepaType Bo3Iyxa

Bo3HUKHOBEHHE MOJIOKUTEIBHBIX TEMIEpaTyp BO3AyXa B HOSIOpe, BO3MOXKHO,
MPUBEAET K TOMY, YTO BBINAJAIOIIME OCAAKH HE OyIOyT (HOPMHPOBATH CHEXHBIH IO-
KPOB, KaK 3T0 ObUIO B TIEPHOJ TECTHPOBAHUS MOJIEIH, a MOWIYT Ha YBIKHEHUE MOY-
Bbl M (OpMHpOBAaHWE CTOKA, YTO OyIeT crocoOCTBOBAaTh BO3PACTAHHIO OCCHHE-
3UMHET0 yBIaXHEHHS BonocOopa Ha 7—8 %. CHIKEHUE JIETHUX OCAAKOB B COBOKYII-
HOCTH C BO3pAacTaHHEM TEMIIepaTypbl BO3/1yXa IMPHUBENET K CHIDKCHUIO 3HAYCHHH
BIIQYXKHOCTH TIOYB B JeTHHH niepro Ha 10—18 % 1m0 OTHOIIEHUIO K UCXOTHOMY HHTEP-
Baly BpeMeHU. BHyTpuromoBas TMHaMHUKa YBJIaKHEHHUS ITOYB 30HBI a3pallii, UMEIo-
meit riryouny L (1,5 m), mpuBeeHa Ha puc. 6.

BHyTpHronoBoe nepepacnpeescHue MPUTOKa B 03€PO COOTBETCTBYIOIIMM 00-
pa3oM cKakeTcsl Ha TUHaMuKe ypoBHs JIamoKcKoro o3epa u ero npoTodHocTtH. M3me-
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HEHUS TIePEUUCIICHHBIX XapaKTePUCTUK JOJDKHBI OKa3aTh BIUsSHHE Ha (ochopHBIN
pexxum Bopoema. OJHAKO M3MEHEHHS CPEIHETrOl0BBIX KOHLEHTpauui P,s, B Jlagox-
CKOM 03€pe HE CTOJIb JUHAMUYHBI U3-3a 3HAYUTEIBHOM BOJIHOI Macchl o3epa. Pacue-
THI, BRITIOJTHEHHEIE 110 Mojienu ochopHoro Oananca Jlamoxkckoro o3epa rpu 3aaHuu
Harpysku P, Ha ypoBHe 2005 r., mokasamu cnenyromee. Ilpn coxpanennn xapakre-
PUCTHK TIPUTOKA B 03€PO HA ypOBHE M3MEpeHHBIX MaHHBIX 1950—2000 rT. ycTaHOBUB-
nieecsl 3HaueHue KOHLEHTpauuu P, (T.e. 3HaueHue, ycraHoBusleecs k 40-my pac-
YETHOMY TOJIy TIPH MOCTOSIHHBIX 3HAYCHUSIX BXOJHBIX BEIHMYMH U IMapaMeTPOB) COCTA-
BuT 11,9 Mkr/n. M3MeHeHHs NMPHUTOKAa B COOTBETCTBHH C BBIMTONHEHHOW CIICHAPHOU
OIICHKOM BO3MOXHBIX KIMMATHUYECKHX U3MEHEHUH MPUBEIYT K HEKOTOPOMY yBeJIHYe-
HHIO yCTAHOBUBIIIETOCS 3HAUEHUS] KOHLIEHTPAUUU P, 10 12,3 MKI/1 BO BTOpOii moo-
BuHe XXI B.

Kpome toro, mpoBegeHa cepusl pacieToB YCTAHOBUBIIUXCS 3HAYCHHUH KOHIICHTpPA-
mu P, B JIanoxkckoM o3epe B 3aBUCHUMOCTU OT TOJOBOTO CJIOSI CTOKa ¢ BOJocOOpa.
Pe3ynprarer pacueToB IpencTaBIeHBl HA pHUC. 7 B UHTEpBaJIe 3HAYSHHA CJIOS CTOKA C
Bogoc6opa ot 200 no 400 mm/rox. Ilomyuennast rpadudeckas 3aBHCHMOCTh MOKET
OBITh UCITOJIb30BaHA JUIS OPUSCHTHPOBOYHOMN OICHKU XapaKTePUCTUK (HOCPOPHOro pe-
KUMa 03epa U NPHU APYTUX CIEHAPHBIX OLEHKAX OyIyIIero U3MEHEHHS CJIO0s CTOKa C
BozocOopa.

16 1 Pygyy , MKF/R

Y, mmiroa

150 200 250 300 350 400 450

Puc. 6. BraxxHOCTS TIOYB 30HBI a3paruu W, paccyuTaHHast o0 OCPETHECHHBIM JTJAHHBIM 00
0caJIKax ¥ TeMIepaType Bo3ayxa

81



300 7 W, MM

450

=0 4 — 1950-2000
= = 2001-2050
2053-2100

150
00 4

50
Mec

Puc. 7. 3aBucuMocTh KOHIIEHTpanuii P, B JIagoxkckoe 03epo 0T cios cToka ¢ Bogocbopa (1o
pe3ynbTaTaM pacuera)

PesynpTHpylomias oneHKa BO3MOKHBIX M3MEHEHHUI TOJJOBOrO CJIOSI CTOKA ¢ BOJO-
cbopa Y, cymMmapHOTOo UcTapeHus F, JeTHEro yBIaKHEHHUS MO0YB 30HBI aspanmu W, a
TaKXXe CPEJHEro cojuepxkanus P,s, B 03epe B pe3ysbTaTe IpeANnoJaracMbX U3MEHEHUH
knuMara B XXI B. mpuBeneHa B a0 2.

Tabnuna 2. XapakTepucTuku cToka c BopocOopa Jlagoxxckoro ozepa u ero gpocopHoro
peXuMa, paccUMTaHHBIE B IPENNON0KEHNH 0 peann3aiyn cueHapus ECHAM4/OPYC3

Wntepan Bpemenu | 1951-2000 | 2001-2050 | 2051-2100
Y, MMm/ron 297 285 274
E, mm/Ton 322 362 405
W, MM/ 311 296 272
P 6 MKT/TT 11,9 12,1 12,3

Takum 06pa30M, Ha OCHOBC aHalin3a IMOJYYCHHBIX PE3YJIbTAaTOB MOACINPOBA-
HUA MOXXHO 3aKJIIOYHUTh, YTO MpPCANojIaracMoe yBCIMYCHHUE OCAaJKOB B M3y4acMOM pe-
THOHEC HC MPUBEACT K YBCINYCHUIO CTOKA. HpH‘IHHOﬁ SABJIACTCA YBCIIMUCHUE CyMMap-
HOI'0 UCIAapCHUS B PE3YJIbTATC MOTCIIJICHUS. Bo3MoxHO CYHICCTBECHHOC BHYTPUIOJ0-
BOC MCpepacHpeaciiCcHUC CTOKa 3a CYET CMCHICHHA BECCHHEIO IIOJIOBOAbA B Ooitee
paHHI/Iﬁ nepmuog U CHUXCHUEC MCKCHHOI'O CTOKa, a TaKXE YBCJIMYCHHUE OCCHHEC-
S3UMHCIO0 U YMCHBIICHUC JICTHCTO YBJIAXKHCHUS BO,Z[OC60pa. CO,Z[ep)KaHI/IC P05W B Jla-
JOXKCKOM 03€p€ B PE3YJILTATC NPEAIOIaracMoro usSMCHEHUA €ro MpoOTOYHOCTH U CTOKaA
C Boz[oc60pa YBCIIMYHUTCA HA 3—4 % 10 OTHOIIIEHHIO K COBPEMCHHBIM YCJIOBHSM.

Summary

ECHAM4/0OPYC3 scenario is put in a basis of the estimation of changes in run-
off in Lake Ladoga catchment and its phosphorus regime as a result of possible
changes in the climate. For the adaptation of the scenario to conditions of the investi-
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gated catchment, the method of recalculation of average monthly modelling climatic
parameters is used with respect to features of meteorology of the catchment in ques-
tion. According to the results of runoff calculations the maximum discharges of spring
high water can be shifted to the earlier period in the end of the 21* centuries. The in-
crease in evaporation in the warm period of year will probably result in decrease in
low-water flows, summer moistening of catchement, and the annual runoff in the in-
vestigated area. The corresponding increase in total phosphorus concentration in Lake
Ladoga will not exceed 4 % of the present value.

Cnucok 1uTepaTypsl

Kondratyev S. 2005. Land cover assessment and phosphorus balance modeling for large fresh-
water systems — EcoSys / Beitrige zur Okosystemforschung. Ne 11. P. 6-12.

Apne K., benemccon JI., Tonuywin I. C., EdumosaJl. K., Moxos U. U., Cemenos B. B.,
Xon B. Y. 2000. AHanu3 U3MEHEHHI THIPOJIOTHYECKOT0 pekuMa Ha Bogocoope Jlamoxk-
ckoro o3epa u ctoka Hesol B XX 1 XXI Bekax C MOMOIIBIO ITOOaTBHON KIMMaTHYe-
ckoit moztenu // Mereoponorus u ruaposorus. Ne 12. C. 5-13.

Tonuyon I'. C., E¢pumosa JI. K., Moxos U. U., Cemenog B. B., Xon B. 4. 2001. V3meHeHus
TeMIepaTyphl U 0caiKkoB B OacceitHe JIamoxKCKoro o3epa Mo pacyeraM KITMMaTHIeCKOH
mozenu oOmeit mupkymsimun B XIX—XXI BB. / U3Bectus Pyc. reorp. o-a. T. 134,
BhII. 6. C. 80-87.

Konopamves C. A. 1990. OneHka BO3MOXKHBIX aHTPOIIOTEHHBIX M3MEHEHHI CTOKa M BBIHOCA
OMOTEHHBIX JIIEMEHTOB C MAJIBIX BOJOCOOPOB JIECHOH 30HBI HA OCHOBE MaTeMaTHIECKON
monenu // Bomaeie pecypebl. T. 17, Ne 3. C. 24-32.

Konopamves C. A., bosvikun . A. 2003. BiusHue BO3MOXHBIX KIUMATHYECKUX HM3MEHCHHIMA
Ha THJIPOJIOTHYECKHUH PEXHUM CHUCTEMBI BOJOCOOp — 03epo // MeTeoposiorusi U THAPOIIO-
rus. Ne 10. C. 86-96.

Konopamves C. A., IlImaxosa M. B. 2005. W3yueHre GpopMUpOBaHKs CTOKA C PEYHBIX BOJIO-
cOOpOB METOAAMH MaTeMaTHYECKOT0 MOAETHpOoBaHUsA (Ha mpumepe Oacceitna Jlagox-
ckoro o3epa) // Tp. XII cwe3ma Pyc. reorp. o-Ba. T. 6. C. 99-104.

83



H3MeHeHHs KIIMMATA U UX MaTeMaTH4YeCKoe MOACTHPOBAHUE

B. H. JIbikocoB

HHucruTyT BhIuKMCIuTENbHOM MaTeMaTtuku PAH
Mocksa, 119333, yn. ['yOkuna, 8
E-mail: lykossov@inm.ras.ru

Climate Change and Mathematical Modelling of Climate

V. N. Lykosov

Institute for Numerical Mathematics RAS
Gubkina Str., 8, Moscow 119333, Russia

PaccmaTpuBatoTcss 0COOEHHOCTH KIMMATHYECKOM CHUCTeMbI Kak (pU3MUecKoro
00beKTa M 00CY>KAAIOTCS BOMPOCHI MOCTPOSHHUSI MaTeMaTHYECKUX MOJENel KiIuMaTa.
Ocoboe BHUMaHUE yIIeJIeHO Mpo0diieMe HapamMeTpru3aliy IpoLeccOB B3aUMOACHCTBUS
aTMocdepsl ¢ JEeSTENbHBIM CJIOEM CYILIH B IMIOOATBHBIX KINMATUYECKUX MOAETSAX IUIs
YCHOBI/Iﬁ XOJIOAHOI'O KJIMMaTa U HaJIn4dus 0OJBIIOTO KOJIWYECTBA BHYTPCHHHUX BOJO-
€MOB Ha 3€MHOW MMOBEPXHOCTH.

KitoueBbie ci0Ba: KIMMaT, U3MEHEHUS KIIMMaTa, TUAPOJIOTUS CYLIH, JEsTeNb-
HBIH CJIOH CYIIH, BOJIOEMBI, TapaMeTpH3allisl, MaTEMaTHYECKOE MOICITMPOBAHHE.

JlnarHocTHYeCcKrue HUCCIIEeNOBaHUs KIMMATUYECKUX XapaKTEPUCTHK IMOKa3bIBa-
10T, uTo 3a nocienaue 30—40 et HaOMOIAI0TCS UX 3aMETHBIC U3MEHEHHS, B YaCTHO-
CTH, OCPEIHEHHOI 3a JAeCATUIICTHS MOBEPXHOCTHON TeMIepaTyphl BO3IyXa: MIPOU30III-
no ee noseim  exue (Climate Change, 2001). Perienue 3agauu o ToM, 00yCIOBIICHBI
JM 3TH U3MEHEHUsI COOCTBEHHBIMU KOJICOAHUSIMU MAapaMeTPOB KIIMMATHIECKOM cCUCTe-
MBI (TI0J] KOTOPOW TOHWMAeTCsl CUCTeMa, OObEeTUHSIONas aTMocdepy, oKkeaH, KpHo-
chepy, cymry u Ouocdepy) WIH 3TO €CTh CJICACTBHE aHTPOIOTCHHBIX BO3IACHCTBUMA,
CBSI3aHHBIX, HAIIPUMEP, C YBEIUUCHUEM KOHIICHTPALMU MTAPHUKOBBIX Ta30B, SBIISCTCS
LEHTPaIbHOHN MPo0IEeMOii COBPEMEHHOW TEOPUH KJINMATa.

B cuny cnemuduyecknx 0coOCHHOCTEH KIIMMAaTHUYECKONH CHUCTEMBI (B 4acCTHO-
CTH, KpalfHe OTpaHWYEHHBIX BO3MOXXHOCTEH J1TaOOpaTOPHOTO MOJICIIMPOBAHUS, KOPOT-
KHX PSIJIOB JaHHBIX HAOIIOJCHUIA U JTUIIb 00 OTACIBHBIX €€ KOMIIOHEHTaX, HEBO3MOXK-
HOCTH IIEJICHAMPABICHHOTO (PH3WYECKOTO JKCIIEPUMEHTa) 3Ta MpodiieMa HE MOXKET
OBITh pElICHA TPATUIIMOHHBIMH METOAaMH, MHOTOKPATHO OMPOOOBAaHHBIMH B €CTECT-
BEHHBIX HaykaX. B HacTosIiee BpeMs IIaBHON METOJO0JIOTHYECKON OCHOBOW pEIICHUS
JAHHOM 3a/laud SBISIETCS MaTeMaTHdeckoe (YHCICHHOE) MOJEIMPOBAaHUE C TIOMOIIBIO
Mojelleld, 0a3uPYIOMMXCS Ha TJIO0ANBHBIX THIPOIWHAMUYECKAX MOJEIAX OOIIeH
LHUPKYJISAIUN aTMOCc(ephl U OkeaHa. [Ipu 3ToM K uuciy (yHIaMEHTaIbHBIX MIPOOJIEM
MIPUHAJUICKUT PEIICHUE 33]]a9l O TOM, KaKHe XapaKTEPUCTUKU U C KAKOW TOYHOCTHIO
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JIOJDKHA BOCTIPOM3BOJUTH KIIMMATHUYECKas MOJIENb, 4TOObI €¢ YyBCTBUTEIHHOCTH K
Pa3IMYHBIM MaJibIM BHEITHUM BO3JCHCTBUSAM OblTa ONM3Ka K YyBCTBUTENHHOCTH pe-
ATBHON KIIMMATH4YECKOH cucTemsl ([pMHUKOB 1 1p., 2006).

MartemaTn4yeckue MOJ€eJIH KJINMATA

[Ipu pa3paboTke COBpEeMEHHBIX MOJENIeH KIIMMaTa MPUHUMAETCS, UTO IS OIH-
CaHWsl JAMHAMHKH aTMOC(epbl U OKeaHa MOKHO HCIONIb30BaTh ypaBHeHUs HaBbe —
Crokca U1 C)KMMaeMOM >KUAKOCTH, OCpeAHEHHbIE (B CHIy, TJIaBHBIM 00pa3oM, Bce
eIlle OTPAaHWYEHHBIX BBIYMCIMTENBHBIX BO3MOXHOCTEH) MO HEKOTOPBIM IIPOCTPAHCT-
BEHHBIM M BPEMEHHBIM MacmTabam. [Ipu 5TOM cuuTaeTcs, 4To CyIIeCTBYET MPHHIIU-
NuanbHas BO3MOXHOCTh MX 3aMblkaHus. lIporenypa 3amplkaHus Npeanosaraer, 4yTo
3¢ (eKTHI MPOIECCOB MOJCETOYHBIX MAcIITa0OB (MEHBIINX, YeM MaciiTad ocpeiHe-
HUS) MOTYT OBITH BBIpa)KEHBI H€pe3 XapaKTEPUCTHKH IMPOIECCOB KPYITHBIX MacCIITa-
60B. K aTHM mporieccaM 0THOCSTCSI, HAPUMEp, POLIECCH Ha TTOBEPXHOCTH CYIIH U B
ee JIeSTEeTIbHOM CcJIo€. YPaBHEHMs THIPOTEPMOAMHAMUKH aTMOC(Ephl U OKeaHa, Tell-
JIOBJIarOTIepeHOCca B MTOYBE U CHEKHOM ITOKPOBE, 3aMBIKAHHSI IPOIIECCOB TMOACETOYHBIX
MaciTabOB U IPYTHE acleKThl KIMMAaTHUYECKOTO MOJETUPOBAaHHUS OAPOOHO PacCcMOT-
pessl B pabote (piMHUKOB 1 ap., 2005).

IIpu MozenupoBaHUM TITOOAIBHOTO KiIMMara TpeOyeTcsi BOCIPOU3BECTH HE
TOJIBKO CPEIHIE XapaKTePUCTUKH, HO U €T0 N3MEHYHBOCTH Ha Pa3IMYHBIX BPEMEHHBIX
MacmTabax. K uuciy mpuopHTETHBIX 3aJad OTHOCHUTCS MOJEITUPOBAHUE PETHOHAIIb-
HOTO KJIUMATa ISl pacdeTa ¢ BHICOKOW CTENEHBIO JETANN3ANN €T0 XapaKTepUCTUK, B
YaCTHOCTH, OCOOEHHOCTEH THAPOJIOTHYECKHX MPOIIECCOB M OIEHKH IOCIEICTBHHA (B
TOM YHCJIC OMACHBIX) KIMMAaTUYECKUX M3MEHEHHMH I OKpY’Karomieu cpensl. M3yde-
HUIO 3TUX U APYTUX BaKHBIX BOIPOCOB MOCBSIIEHA T0JITOBPEMEHHAS MEXAyHApOIHAS
nporpamma AMIP o cpaBHeHUIO aTMOC(hEpHBIX MOeNell, B pe3yIbTaTe BhIIOJTHEHUS
KOTOPO# BBISIBIIEHBI MHOTHE KITFOUEBBIE MEXaHU3MBI, OTBETCTBEHHBIE 32 (OPMUpPOBa-
Hue kimMarta (cM. MaTepHet-caitt http:// www-pemdi.llnl.gov/amip).

CpaBHeHHe Mojenel o0Imed IUPKYIALUN aTMOC(epsl, TPOBEACHHOE B PaMKax
npoekta AMIP-II, mokasasno, 9To camble COBEpIIEHHBIE U3 HUX CIIOCOOHBI BOCIIPOU3-
BOJUTH OCHOBHBIC YepThl HabmromaeMol arMochepHoi mupkymauuu. Ommnodka Boc-
MIPOM3BENEHHS TAKMMU MOJEISAMH MHOTHX KIMMAaTH4YECKUX BEJIMUMH YK€ COIOCTaBU-
Ma C HEOTPEACIICHHOCThIO, C KOTOPOW OTH BEIMYMHEI M3BECTHHI W3 HAOIOICHUH.
Haunbonee monmubit ananus pezynsratoB AMIP-II MmoxxHO Halitu B IHTepHETE 1O yKa-
3aHHOMY BBIIIE aJIpecy.

Pa3BuTHeM 3TOro mpoekTa SBUJIACh IPOrpaMMa CPaBHEHHsI COBMECTHBIX MOJE-
Jei obmel nmupkyssiiuu atMocdepsl U okeana CMIP. B xoze ee BBITIOJIHEHUS OCHOB-
HOE BHUMaHHE OBUIO 00paleHo Ha BOCIIPOU3BEICHHE TOBEPXHOCTHOM TEMIIEPaTyphl U
pacripeneneHus MOPCKUX JIbAOB, IIOCKOJIBKY B dKcriepuMeHTax AMIP st xapakrepu-
CTHKH CUMTANWCh 33aJaHHBIMH BHEIIHMMH TapameTpamu. Kimmarndeckas MOIens,
paspabotanHas B UHcTUTyTE BRIUMCINTENbHON MaTemaTiky (MBM) PAH u moapo6Ho
ormcanHas B myonukanuu (piMaNKOB 1 p., 2005), sBnseTcs mpencraButenem Poc-
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CHHM B MEXIYHapOIHBIX NMPOrpaMMax MO MOJACIMPOBAHHIO M3MEHEHHH KiIMMarta, Ha-
omomaBmmxcs B XIX—XX Bekax, U M0 MPOTHO3Y BEPOATHBIX U3MEHEHHU KIIMMaTa B
XXI-XXII cronerusx.

[lo maHHBIM MOAENHPOBaHMA MPOBEACH aHAIM3 BO3MOXKHBIX OyIyIINX KIHMMa-
THYECKUX M3MEHEHHH, B TOM YHCJIE BOSHUKHOBEHHS SKCTPEMAIbHBIX KINMATHYECKUX
CUTyaruii. Pe3ynmpTaThl YHCIEHHBIX JKCIEPUMEHTOB C KIMMATHYECKOH MOJIENbIO
MBM PAH Bouum B 4eTBepTHIN MOKIaa MEKIPaBUTEIHCTBEHHOW TPYIIBI SKCIIEPTOB
o u3MeHenuto kimmara (http://ipcc-wgl.ucar.edu) u nocrymnusl B HTepHeTE MO af-
pecy http://ksv.inm.ras.ru. Iloka3ano, B 9acTHOCTH, 4TO HabIOJaeMOe B HACTOSIIIEE
BpeMsI KIIMMAaTH4YeCKOe MOTEIUICHHE HOCUT BBIPAKCHHBIN «OYaroBbIi» XapakTep, Mpo-
SIBIISISICH HauOoJiee SIPKO B OTHENBHBIX reorpaMuecKux pernoHax, B yacTHoctu Cu-
Oupu 1 ApKTHKE.

CornacHo pe3yibTaTaM YHCICHHOTO MOETUPOBAaHUS KIMMaTa, 3Ta TeHICHIIHS
COXpPaHUTCS U B OyayIlleM, YTO MOXXET MPUBECTH K AETPaJallii BEYHOH MEpP3JIOTH U
[IOCTaBUTh IOA YIpo3y paspylueHus Hedrera3zomoObIBalOLIyI0 U TPAaHCIOPTHYIO WH-
dbpactpykrypy Cubupckoro pernoHa. Bmecre ¢ TeM OLEHKH OYIyIIMX W3MEHEHHM
KJIUMaTa, TMOJIy4eHHBIE C IIOMOIIBIO Pa3IMYHBIX KIMMAaTHYeCKUX MOJAENEH, X0Ts Kade-
CTBEHHO M COTJIACYIOTCS, HO B 3HAYUTEIBHOM CTENEHM OTIMYAIOTCS KOJIUYECTBEHHO
Jake B paMKax OJHOTO cueHapusi Oymylied SMHCCHUHM MapHUKOBBIX ra3oB. Takas He-
OTIPEIeNICHHOCTh 00YCIIOBIICHa OCOOCHHOCTSIMH OIUCAHUS MPOTEKAIOIIUX B KIMMAaTH-
YeCKOll crcTeMe MPOLECCOB, B YACTHOCTH, CTENEHBIO (PU3NYECKOM MONMHOTHI UX Mpen-
CTaBJICHUSI.

B cBA3M ¢ 3TUM aKTyaJbHOM 3ajadyeil pa3BUTUS MaTEMaTUYECKUX MOJAEIeH
KIIMMaTa sIBJIsieTCsl Bce Ooiee TOYHOE ONMMCaHue BeeX (U3MUECKHX MPOLECCOB, YUacT-
ByIOIIMX B ero gopmuposanuu. PaccMoTpum 3Ty npoOneMy B MPHUIOKEHUH K 3a1a4e
rapaMeTpHu3aIy B3aNMOIEUCTBHUS aTMOC(EPDI U CYIITH.

IMapameTpu3anus NpoueccoB B3auMoAelcTBUsI aTMOC(epBhI ¢ AeATeJbHBIM CJ10eM CYLIH

B nepBbIX rno0anbHBIX TPEXMEPHBIX KIMMaTHYECKUX MOJEISAX MPOLECCHl Tell-
JIOBJIarooOMeHa Mekay arMoc(epoil ¥ MOBEPXHOCTHIO CYIIM PAcCMATPUBAINUCH BECh-
Ma yNpoIIeHHO Ha OCHOBE 3Heprodanancosoro noaxona (byasiko, 1956). Ucnapenue
BBIP@)XAIOCh B BHUAE NMPOCTOM (PyHKIMM OT NOTEHLUUAIBHO AOCTYIHOTO U PacTH-
TEBHOCTH BJIATOCOJEPKAHUS ¥ HEKOTOPOTo KO3 (hUIIMEeHTa, OTPAKAIOIIETO TepMUIe-
CKO€ COCTOsIHUE ITOYBBL. J[OCTyIHOE BIAarocoJepkKaHUE 3a]aBajIoCh SIBHO U BapbUpPO-
BaJIOCh B Mpelenax OT 3HAYCHHUS, XapaKTEPHOTo Ul TOUKU 3aBsIAHUS, 10 BETUIHHBI
[0JIeBOM BiaroeMkoctu. JIro0oe mpeBbllIeHHE TOJIEBOH BIarO€MKOCTH HMHTEPIIPETH-
POBaIOCh KaKk COCTaBJISOIIAsl cToka. Takoi moaxo ] ObLI MPEeBaIUPYIONINM Ha TIEPBOM
JTare BBHIIOIHEHHSI TPOEKTa MO CpaBHEHUIO aTMocepHbIx Moaenelt (AMIP-I).

Hupnopd (Deardorff, 1978) mpemnoxun ampTepHaTHBHBIN moaxon. VM Bmep-
BBI€ YUYTEHBI Pa3Nu4Msl MEXIY TpaHCIHpauel, HCIapeHHeM C KPOHBI pPacTHUTEIHHO-
CTH U c orojieHHoW mo4Bbl. OH Take BBEJ MHOTOCIIOMHOE Ipe/CTaBIeHNE MOYBHI,
[IO3BOJIMBIIEE PACCUUTHIBATH BEPTUKAIBHBIC MPO(UIN TEMIIEPATy Pl U BIaXXHOCTH.
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JlanpHeliniee pa3BUTHE 3TOTO MOAXO0Ma OBLTO CBS3aHO C PAacCMOTPEHUEM pas-
JUYHBIX (U3NYECKIX COCTOSHHH BIIATH B ITOYBE U CHEKHOM ITOKPOBE C yUETOM UX a-
30BBIX TIEPEXOJ0B M PACUECTOM COCTABJISIONINX THIPOJIOTUIECKOTO CTOKAa. B gacTHO-
ctH, ObuT0 yctaHoBneHo (Bomoaun, JIeikocos, 1998; Bonoguna u ap., 2000; Mauyis-
ckas, JIsikocos, 2002), uro:

1) mpenebpexenue GpazoBBIMH MEPEXOJaMH BJIaTd B MOYBE NMPUBOIUT K UPE3-
MepHOMY (B CpaBHEHUHU C JAHHBIMH HAOJIOJICHHIT) €€ BBIXOIAKUBAHUIO;

2) nHGUIBTpAI¥s OCAJKOB M TalOW BOJBI B TOYBY CYIICCTBEHHBIM O00pa3oM
OTIpe/ieTIsieT MPOIIECcC ee IPOMEP3aHus;

3) npeHeOpexeHUE MPOCAYNBAHUEM CKBO3b CHEXHBIM TIOKPOB Talloil BOIBI U
JIOXKISI ¥ CBSI3aHHBIMU C 3TUM TIpolieccaMu (Da30BOT0 Mepexoja MPUBOIUT K CIUIIKOM
paHHEMY CXOJy CHEXHOTO TOKPOBA;

4) 9TO CKa3bIBaeTCA HA HBOJIIOIMH BJIAXKHOCTH TIOYBHI HE TOJBKO B 3WMHE-
BECEHHMI MEPUO/JI, HO U B MOCIIETYIOIINE CE30HEI;

5) y4eT yIUIOTHEHHWs CHeTa IMOoJ JeWCTBHEM MeTamMop(u3Ma M CHIIBI TSKECTH
CYIIECTBEHHO YJIyUIllaeT BOCIIPOU3BEICHNUE TOJIIMHBI CHE)KHOTO ITOKPOBA U TEpMUUE-
CKOT'O PeXKMMa aKTUBHOTO CIIOSI BEYHOU MEP3JIOTHI.

CylIeCTBEHHOE YIIYUYILICHUE PEe3yJIbTaTOB BOCIPOU3BEACHUS COBPEMEHHOTO
kiuMarta B paMkax npoektoB AMIP-II u CMIP B 3HauuTENbHON CTENEHHU AOCTUTHYTO
OJylaroziapsi COBEpIIICHCTBOBAHHIO OITUCAHUS MPOIECCOB HA TIOBEPXHOCTH CYIIH, B Ya-
CTHOCTH, B YCJIOBUAX XOJOJHOTO KJIUMAaTa.

B3aumopeiictBue atMocgepsl ¢ THAPOIOrHYeCKH HEOHOPOIHOM MOACTHIAIOIIEH
MOBEPXHOCTHIO

[Iporpecc B KOHCTPYHPOBAHMH BBIYMCIUTENFHON TEXHUKH U pa3paboTKe cuc-
TE€M NapaJuIeIbHOIO0 IPOTPaMMHPOBAHUS MTO3BOJISIET HA COBPEMEHHOM JTaIle pa3BUTUSA
MaTEMaTUYECKUX MOJEIEH KIMMATUYECKOM CHCTEMBl 3HAYUTENIBHO YIIYYIIUTh HX
MIPOCTPAHCTBEHHOE pa3pelieHue. IT0, 0HAKO, MOPOKJaeT HOBBIE MPOOIEMBI B JieTa-
JM3alUU OMUCAHUS MPOILECCOB IMOJCETOYHBIX MAcIITa0OB, CpeANd KOTOPBIX Ba)KHOE
MECTO 3aHMMAaeT B3aUMOJICHCTBHE aTMOC(Ephl C Pa3IUYHBIMU THIIAMU TOJICTHIIA0-
IIEH TIOBEPXHOCTH.

B Momenax g kaxJIoro THNA MOBEPXHOCTU PacCUMTHIBAIOTCS CBOM XapakTe-
PUCTHKH (HampuMep, MOTOKH TEeIUIa, BJIard W MUMIYJbca), IPUYeM 3a4acTyi0 aTMO-
cthepHoe BoznmelicTBre (HAOOp 3HAYCHUI METEOPOJOTHUCCKUX BEIMUUH B TIPU3EMHOM
CJ0€, TAKUX KAaK TEMIIEpaTypa, BIAXKHOCTb, CKOPOCTb BETPA, CyMMapHasi COJHEYHAs
paamaius ¥ BCTPEYHOE M3NydeHHe aTMOCQephl) MPHHUMAETCS OJHUM H TE€M JKe IS
BCEX THIIOB. 3aT€M HCIIONIb3YyeTCsl MpOIleypa arperupoBaHrs, COTIACHO KOTOPOU
CpPelHHE IO SYeiiKe 3HAYEHUS IIOTOKOB BBIYUCIIOTCA C BECAMH, OTPAXKAKOLIUMH
BKJIaJl TOTO MJIM MHOTO CErMEHTa MOBEPXHOCTH B OOILYIO IUIOIIAAD STYCHKH.

OnHUM U3 KIHOYEBBIX BOIPOCOB 3/1€CH SBISIETCS ONMHCAHHUE IMPOLECCOB B3aUMO-
JeicTBUsl aTMoc(ephl ¢ TUIOTHOW CEThI0 THAPOJIOTHYECKHX OOBEKTOB, BAXKHEHIIYIO
4acTh KOTOPOH COCTaBIAIOT HeOobIIne o3epa U 0010Ta. ITO 0COOEHHO BaXKHO IS
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ceBepHBIX TeppuTopuii EBpasun (3amagno-Cubupckas HuzmenHocts, Kapenust, Oun-
msaaust) 1 CeBepHoit AMepuku (Oombiuasi yacte Tepputopun Kanansr), rae, Kak moka-
3BIBAIOT JKCIIEPUMEHTHI ¢ KIMMAaTHYECKUMH MOJEISMHU, PEeTrHOHANBHbBIE TEeMIIepaTyp-
HBIC U3MEHEHHSI B CBSI3U C TTI00ATBHBIM MOTEIUICHHEM NPOSBISIOTCA Hanbojee SpKo.
[Ipumep Takoit HEOAHOPOAHOCTH IS ydacTKa Teppuropuun 3amagHod CuOupu ¢ KO-
opauHatamiu (54,5-58,6° c. m1., 63,1-66,6° B. 1.) IpeACTaBIeH Ha PUCYHKE.

Jns agekBaTHOW mapaMeTpU3alMy MPOLECCOB B3aUMOACHCTBHs aTMochepsl U
CYLIH B 3TUX YCIOBUSAX HEOOXOIUMO, YTOOBI COOTBETCTBYIOLIHMI OJIOK KITMMaTHUECKON
MOJIENIN YUYUTHIBAT 3PQPEKThl «THUAPOTOTUIECKOH HEOAHOPOTHOCTHY» IOJCTHIIAIOIIECH
[IOBEPXHOCTH, OCOOCHHO B CBSA3M C TE€M, YTO IPH YIyULIEHHH FOPU30HTAJIBHOTO pas-
peIIeHUs MOJIEJIeH HEKOTOPHIE U3 BOJOEMOB MEPECTAOT OBITH MOJACETOYHBIMUA OOBEK-
TaMH.

B GonpmmHCTBE MOJENe MpOorHo3a MOrobl U B KIMMaTHUYECKUX MOACITAX d¢-
(hexThI, CBA3aHHBIE CO CPABHUTEIHHO HEOOIBITUMHI M MEJIKUMH 03€pamH, JTHO0 COBCEM
HE YYHUTHIBAIOTCS, JIUOO MapaMeTpu3yloTcs Tpy0o, HampuMep, B IPEANIONOKECHNUH, YTO
BOJIOEM XOPOIIO HepeMelIaH Mo riryouHe. ITo GaKTHUECKH O3HAYAET, YTO 03€pO pac-
CMaTpHUBaeTCs Kak 3JEMEHT NOJCTUIAIONIEH MOBEpXHOCTH. B peanpHOCTH ke o3epa
YMEPEHHBIX ¥ BBICOKHX IIMPOT OOJNBIIYIO YacTh TOJla BEPTUKAIBLHO CTPATH(PHUIINPOBA-
HEI 110 oTHOCTH (Mironov et al., 1991).

B pa6ore (Crenanenko u ap., 2006) ¢ MOMOIIBIO HETUAPOCTATUIECKON TpeX-
MEpHOH aTMOc(hepHON MOAETH MPOAEMOHCTPHUPOBAHBI XaPAKTEPHUCTHKH Me30oMac-
MTAO0HBIX HUPKYJIALUN OpHU30BOH MPHUPOBI, BOHUKAMOIINX HAJ THAPOIOTHUECKH He-
OJHOPOAHON MOBEPXHOCTHIO. B 3T0M Mozenu ucmonb3oBaHa mapamerpusanus (Cre-
naHeHko, JIspikocoB, 2005) TepMoIuHAMIYECKHX TIPOIIECCOB B TEJiE BOJOEMA, B3aUMO-
JEHCTBYIONIETO C MPU3EMHBIM CJI0eM aTMocdepsl (B TOM YMCIe IPH HANTWYUN CHEXHO-
IO ¥ PacTUTEIBHOIO MOKPOBA) U HIDKEJEKALIUM T'PYHTOM (B YaCTHOCTH, B YCIIOBHUSX
BEYHOM Mep310Thl). Ha ocHOBe aHanmm3a pe3ysibTaToOB YHCICHHBIX 3KCIEPUMEHTOB yC-
TaHOBJIEHO, YTO IMPOIEAYPa arperuPOBaHMSI TIOTOKOB JIaeT XOpOIllee COBMAIEHUE C pe-
3yJbTaTaMU HUX MPSIMOTO OCPETHEHMs MO pe3yjbTaTaM pacueToB C IMOMOIIBI0 ME30-
MacmTaOHOH Mogenu. Takum 00pa3oM, MEPCHEKTUBHBIM MPEACTABISIETCS! UCIIONIB30-
BaHHE JIByXKOMIIOHEHTHOI'O TIOAX0/1a K y4eTy 3¢ (eKTOB BHyTPEHHHUX BOJ| B TII00aIIb-
HBIX MOJIEJISIX: TTapaMeTpHu3alisl Ha OCHOBE METO/Ia arperupoOBaHus ISl TIOJCETOUYHBIX
BOJIHBIX OOBEKTOB M MPSMOHM pacyeT BEPTHKAIBHOTO TeMIepaTypHoOro mpoduis (c
y4eToM 00pa30BaHUs CHEKHOT'O U JIEAOBOTO MTOKPOBA) — JUIS SIBHO IPEACTaBICHHBIX B
MOJIETTH BOAOEMOB.
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MOKa3aHbl a0COIIIOTHBIE BBICOTHI pelibeda, 3alTpUXOBaHHbIE 00IaCTH — BOJOEMBI U
HepeyBIaKHEHHBIE TEPPUTOPUH

Astop Onaromapen B.Il. ApimaukoBy, E. M. Bonoguny, E. E. Mauynsckolk u
B. M. Crenanenko 3a miuofoTBopHOE coTpyaHndectBo, O. @. BacunbeBy — 3a mones-
HBIE 00CYX/IeHHs MPOOJIEMBbI TTapaMeTpHU3aIii THAPOIOTHUECKUX TPOIECCOB Ha II0-
BEpXHOCTH cymH. VccnenoBaHusi, MpeACTaBICHHBIC B JaHHOW paboTe, BBHITOIHECHBI
npu ¢uHancoBoil nmoaaepxkke PODU (rpantsr Ne 04-05-64898, 06-05-64331, 07-05-
00200).

Summary

Diagnostic studies indicate that for the last 30—40 years the climate characteris-
tics have markedly changed, in particular, the surface temperature of the air averaged
over decades has increased. The central problem of the modern theory of climate is
whether these changes are caused by natural variations of climate system’s parameters
or result from anthropogenic impacts associated with increasing concentration of
greenhouse gases, for example. At present, this problem is solved using climate mod-
els in mathematical (numerical) modelling of the climate system, which is the princi-
pal methodological solving basis. In this paper, the problems of constructing mathe-
matical models of climate are discussed. Special attention is paid to the problem of
parameterization of hydrologic processes at the underlying surface in global climate
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models, in particular, for conditions of the cold climate (snow and soil ice, permafrost)
and in the presence of water bodies (lakes, rivers, wetlands, etc.) at the land surface.
Current development of climate models is characterized by the permanent in-
crease in spatial resolution. This tendency causes new problems in the parameteriza-
tion of subgrid-scale processes. Among those problems one of crucial importance is
the interaction between the atmosphere and the hydrologically heterogeneous land
which is the territory covered by a dense network of inland waters in the significant
part of the total area (for example, the territory of Western Siberia). A two-component
way approach can be employed to solve this problem: an aggregation for subgrid-scale
water bodies and the direct calculation of vertical temperature profile for the reservoirs
clearly represented as models, taking into account the formed snow and ice cover.
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HanGosnee nHTEpeCHBIM U BaXKHBIM B aHaN3e KoJieOaHWH CTOKA SIBJISIETCS CIIy-
Yail «ra00aibHOI» MEepecTPOUKH THIPOMETEOPOIOTHIECKUX TPOLECCOB B OaccerHe.
3a 3MoXy MHCTPYMEHTAIbHBIX HAOMIOJEHHWH Takux ciy4aeB Obuio nBa: B 1930-e u
1980-¢ rr. [TonmBITKH OIICHUTH BEPOSATHOCTH TAKUX COOBITHH, OCHOBBIBASICH Ha PacIpo-
CTpaHEHHBIX B T€ TOABI (1a U CErOJHS TOXKE) MAPKOBCKUX MOJEISIX MHOTOJIETHEH H3-
MEHYHMBOCTH, NMPUBOJWINA aBTOPOB K OYEHb MAallbIM 4YacTOTaM BO3HMKHOBEHHUS ITHX
coowrtuii. Tak, B. E. IlpuBanbckuii oneHHIT BEPOSTHOCTH MaioBoabg B 1930-e rT. kak
BO3MO>KHOE B cpeiHeM ofuH pa3 B 2000 ner.

Ilo-BuaguMoMy, MOJIEIM MHOTOJIETHEN N3MEHYMBOCTH CTOKA CIOXKHEE, YeM IIH-
POKO pacmpocTpaHeHHOE TIpe/CcTaBleHre 00 X MapkoBocTH. COOCTBEHHO TOBOPA, HU
U3 KakuxX (QU3MYECKHX COOOpakKeHHH T'MIIOTe3a O MpeodiaaJaHni MapKOBCKOTO CBOM-
CTBa BO BPEMEHHBIX THAPOMETEOPOJIOTHYECKUX PAJlaX U HE CIEeNyeT, HE CUUTas Mpo-
CTEWIINX PacCyXICHWI THIa BO3JEHCTBH Oeloro myMa Ha JHMHEHHBIA BOIOCOOP.
JloBOABI O MPEANOYTEHNH MapKOBCKOM MO/ENH OBIIU MOJy4eHbl MHOTUMH aBTOPaMHU
myTeM 00OOLIeHHsT BUAa BHIOOPOYHBIX OIEHOK aBTOKOPPEIALMOHHBIX (PyHKIMH MO
MHOTMM peKaM. JleficTBUTeNbHO, OCpEeJHEHHBIE 110 OOJIBIIOMY YHCIY PEK BBIOOpOU-
HBIE OIIEHKH aBTOKOBapHanmoHHON (QyHKImN (AK®D) 61M3Ku K 9KCIIOHEHTE (C y4eToM
uX BBIOOpOUHOTO cMemieHus). Ho 3meck Hago OTMETUTH ABa oOcTosiTenbeTBa. Ecim
MbI OyneMm ycpenHsaTh oueHkM AK® Tonpko B mpeaenax TMAPOIOrMYECKH OJHOPOI-
HBIX PalOHOB, TO MOJIYYUM H JIOCTATOYHO OOJIBIION TOBEPUTENbHBIN HHTEPBAJ, H J0C-
TaTOYHO Pa3HOOOpa3HBIE OYEPTaHUS KOPPEISIMOHHBIX (yHKUWH. Bropoe obcros-
TEJNBCTBO COCTOUT B TOM, 4TO, ycpenHsasa oueHkd AK®, nomyuyeHHbIe IO psAaaM OJHON
1 TOU k€ MPOAOJKUTENEHOCTH, HO OTHOCAIINECA K PAa3IMYHBIM KaJIeHIApHBIM IIEpHO-
JlaM, MBI YCPEIHAM T€M CaMbIM U BCE «HEMapKOBCKHE» OCOOCHHOCTH MPOIecca CTOKA.
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OTO BOBCE HE O3HAYAET HEOOXOJMMOCTH OTKa3a B TMAPOJIOTUH OT MCIIOJIb30BaHUS
TEOPUU MAPKOBCKUX IMporeccoB. VIMeeTcs MHOTO MPaKTUYECKUX 3a]ad, PEIIacMBIX C
MIPUEMIIEMON TOYHOCTHIO B MAapKOBCKOM MpHOIMmKeHHH. OZHAKO PaCCMOTPEHHE U3-
MEHUYMBOCTH THAPOJIOTHUYECKUX MPOLECCOB TpeOyeT Ooiee TIIATENFHOTO aHaNn3a TaK
Ha3bIBAEMBIX OJITONEPHOAHBIX COCTABISIOIINX, IOCKOJIBKY UX HaJIM4YHE CYIIECTBEH-
HBIM 00pa3oM BJIHSET Ha MPOTHO3HBIE OIEHKH. Takue MOJITONepruoIHBIE COCTABIISIO-
IIMe IJI0XO BOCIPOM3BOAATCA NMPH peaju3ali MapKOBCKOTO MOAXOAA, U MO3TOMY
HE00X0JMMO 00CYKAaTh 00JIEe CIIOKHBIC MOCITH.

Peku, SBIAACH «IPOAYKTOM KIMMAaTay, OTPasKarOT II100ajIbHbIE KIIMMATUIeCKUe
HW3MEHEHUS], OJJHAKO MEXaHN3M (POPMHPOBAHHS CTOKA JOCTATOYHO CIIOKEH, H B KaKOH
Mepe KIMMaTHYeCKas COCTaBIIOIIAs M3MEHYMBOCTH CTOKa IpeoliagaeTr, cKa3aTbh
TpyaHO. OOpaboTKa CTOKOBBIX PSAZOB HE NOKA3bIBAECT HAIMYMS CHIIBHBIX TPEHIOB HUJIH
KaKUX-TO SIBHBIX W3MEHEHHWH, KOTOpBhIE MOXXHO OBLIO OBl YBA3aTh C TIIOOATBHBIMU
KIMMaTHYECKUMH W3MEHEHUsIMH. Hampumep, 3HauMTENbHOE KOJIMYECTBO paboT B
KOHIIE IIPOLIUIOTO CTOJETHS OBIJIO MOCBSIIEHO BO3MOXKHOCTSIM CIIEKTPaIbHBIX METOJOB
OIIEHWBAHUS /IS BBIJEJIECHUS JONTOIEPHUOIHBIX COCTaBIsONINX. Ho orpanndeHHOCTD
HMMEIOLINXCS PSJIOB M UIEOJIOTHs, 6a3upoBaBIIasics Ha CTAIIMOHAPHOCTH HCCIIEYyEMbIX
MPOIIECCOB, HE MO3BOJMIN MOMYYUTh KAaKUX-IMOO YCTOMYMBBIX PE3YJILTATOB B 3TOU
obsactu. B To ke BpeMsi MHOTOMEpHBIN aHAIN3, OCHOBAaHHBIM Ha BBIACICHUH OOIIUX
KOT€pEHTHBIX COCTaBJISIONINX BO BPEMEHHBIX psAlax CpPeTHEMECSYHBIX CTOKOB, MOKa-
3aJl, YTO UMEETCs 3aMEeTHasl KOTEPEHTHOCTh CE30HHBIX (TOI0BBIX) KOJIeOaHUH CTOKa Ha
3HAYNUTENIBHBIX TEPPUTOPHUSIX, IPUUYEM H3MEHEHHs XapakTepa (CTEIeHH) 3TOH Kore-
peHTHOCTH UMEIOT nepuoA nopsaka 40-50 neT. BbinenuTb CTaTUCTHYECKH JTOCTOBEp-
HO TaKHe MepHoJIbl Ha KOPOTKUX PSAAAX CPETHET0IOBBIX PACXOO0B BOABI HEBO3MOXKHO,
MO3TOMY CETOJHS MOXKHO MBITaThbCsl 00CYXIaTh Mpo0IeMy BbIIENEHHs MIEPHUOJIOB, Ha
KOTOPBIX HCCIeyeMbIi mporecc BeaeT ceds Ooee uim MeHee 0OJHOPOJIHO.

B knumaTonoruM M ruApoSIOTHH B MOCIEAHNUE AECATUIIETUS TIpUMEHseTcs Mo/I-
X0/Jl, OCHOBAaHHBII Ha TaK Ha3bIBAEMOM BEIBIJIET-aHAIN3E JAaHHBIX, O3BOJISIOMINN BBI-
JETSITh B psiiax HAOMIOACHUH BpeMEeHHbIE MacIITa0bl (IEpHUObl) ¢ Pa3IMNUYHBIMU CBOII-
cTtBaMu. MccnenoBannio M3MEHYMBOCTH CTOKA p. Bosirn MeTonaMu BelBIIeT-aHaINA3a U
MOCBSIICHA JaHHAs paboTa.

BpemeHnHble psiibpl, BCTpeyaromuecss B THAPOIOTUH U METEOPOJIOTHUH, OOBIYHO
HMMEIOT «Cepoey MOBeNeHUE, KOTOPOE TPYAHO OXapaKTEepHU30BaTh HAMYHUEM JIHOO Ka-
KHMX-TO aMIUIMTYAHBIX MM YaCTOTHBIX aHOMAaNMi («COOBITHIT»), THOO peryispHbIMU
MEPUOJUUECKIMH COCTAaBIIIOMMUMH. /111 MOJOOHBIX CHUTHAIOB XapaKTepHO yBEIHYe-
HUE CIEKTPA MOUTHOCTH C YMEHBIICHUEM YaCTOTHI 110 CTENEHHOMY 3aKOHY M CaMOIIO-
JNOOHBIA TUI MOBEICHHUS MPHU PACCMOTPEHHH Ha Pa3iIMYHBIX BPEMEHHBIX MacluTadax.
TpyIHOCT aHaNM3a TaKUX BPEMEHHBIX PSIOB COCTOMT B CIIOKHOCTH (hopManu3alun
MOHATHSI BPEMEHHBIX TOYEK CMEHBI «MOJbI MOBEACHUS» CUrHaja (KPUTHUECKHX TO-
YeK).

OnHoli U3 mMpoOseM aHanu3a BPEMEHHBIX PSIOB SIBISETCS BBIACICHUE TOYEK
pasnankd, T.e. TAKHX MOMEHTOB BPEMEHH, KOTOPBIE XapaKTEPHU3YIOTCS CMEHOW THIa
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noBeieHUs curHana. Jpyras npobieMa — HaXxoXK/A€HHE CTAlMOHAPHBIX TOUEK CUTHaja,
COOTBETCTBYIOIINX  JIOKAJIbHBIM MHHUMAJIbHBIM WM MaKCUMAaJbHBIM 3HAYCHUSIM.
OdeBHTHO, YTO THIT TIOBEJICHHUSI CHTHANIA 3aBUCUT OT BEIMYMHBI BPEMEHHOTO MAacCIIITa-
0a, Ha KOTOPOM paccMaTpHBaeTCsl MOBEACHHE, T.C. MEPe] aHaIU30M CHTHAJl JOJDKEH
OBITH OmpenesIeHHBIM 00pa3oM criaxkeH (ycpenHeH). O4eBHIHO, YTO CBOWCTBA CIJIa-
JKEHHOTO CUTHAJa 3aBHUCAT OT MacmTaba criuaxknBanusa. Hampumep, ecinu mpon3BoAuT-
csl 0OBIYHOE CIIIAXKMBAaHHUE MYTEM BBIYMCICHUST apU(PMETHUIECKOTO CPEJHETO B CKOJIb-
3sIeM BPEMEHHOM OKHE, TO TaKUM MacIITaOOM SIBJISETCS pajuycC CKOJB3SILETro Bpe-
MEHHOT0 OKHa. Jlajgee Mbl Oy/1eM HCIIOIb30BaTh SIEPHOE CTIAKUBAHUE C FAyCCOBCKUM
SIIpOM  ycpenHeHusl. BpeMeHHble TOYKH JIOKJIbHBIX MHHMMYMOB U MaKCHMYMOB
CTTIa)KEHHOT'0 CUTHAJIA, a TAK)Ke TOUKH JIOKAJIBHOTO MaKCUMyMa MOJYJIsl TPOM3BOAHOMN
OT CIJIA)KEHHOTO CHTHaja 3aJal0T €CTECTBEHHYIO (DparMeHTAIMI0 MOBEACHUS MCXOM-
HOTO CUTHaJIa JJIs paccMaTpuBaeMoro macuiraba spemeHu. Hazosem Bblienepednc-
JIEHHBIE TOYKH MaCIITaOHO-3aBUCUMBIMHU IKCTPEMAIbHBIMU TOUKaMU CUTHAJA.

Jnst Gonplieil yacTu BpeMEHHBIX PSAOB, BCTPEUAIOIIMXCS HA MPAKTHKE, CIJia-
JKEHHBIN CHUTHAJ 00JanaeT OOJBIINM YHCIOM IKCTPEMAaJIbHBIX TOYEK TSI MAJbIX Mac-
mTaboB YCPEAHEHUs, HO C POCTOM MacIiTaba 4uCII0 TaKUX TOYEK OBICTPO yMEHbIa-
ercs. [Ipy TuIaBHOM YBeNIMYEHHHM MaciuTada ycpeTHEHHS BO3MOXKHO OOBbeAMHEHHE
9KCTPEMAJIBHBIX TOYEK PA3IMYHOTO THIA B LIENH OTAEIBHO Al TOUEK MUHHUMYMa MJIH
MaKCHMyMa CTJI&KEHHOTO CUTHala M JUIsl TOYEK MAaKCHUMAaJbHBIX 3HAUYE€HUH MOIYJIs
MepBON NMPOU3BOJHOMN, MPHUEM OTAEIBHO ISl OTPULATEIBHBIX U OTAEIBHO IS MOJIO-
KHUTEJBHBIX IPOU3BOAHBIX. TakuM 00pa3oM, MosTyyaeTcsl YeThIpe THIIA LeTel IKCTpe-
MaJbHBIX TOYEK Ha TUIOCKOCTH «MaciuTad — BpeMs». boibInas gacTs 3THX nemnei mpe-
pBIBaeTCsS ¢ pocToM MaciuTaba, HO HEKOTOPbIE M3 HUX «BBDKHUBAIOT» U JIOCTUTAIOT
3HAYUTENBHON JJIMHBI, BIUIOTh JO MAaKCUMAJIBHO JIOMYCTHUMBIX K PACCMOTPEHHUIO Mac-
mTaboB ([ociaegHee 3HaueHUE 3aBUCUT OT JUIMHBI pealIn3aliii CUTHAJa).

[Ipouenypa, kauecTBEHHO U3JI0XKEHHas BBIIIE, U3BECTHA B HENPEPHIBHOM BEiiB-
JeT-aHanM3e Kak BBIAEJICHUE TOYEK CKejera BelBier-mpeoOpasoBanuit (WTMM —
wavelet transform modulus maxima). Toukn ckeneTa UCTIONB3YIOTCA B aHAIH3E 00pa-
30B ([T BBIEICHUA TPaHUIl ¥ (hopMaH3aliy NOHATHS (POHOBOW CTPYKTYpHI). B mc-
ClIeIOBaHUU TYPOYJCHTHOCTH M (PMHAHCOBBIX BPEMEHHBIX PSAOB MPOU3BOAWTCS aHa-
3 MyJdbTH(pakTanpHOTO criektpa WTMM-Todek, OOBEAMHEHHBIX B IIENH, NPH
CTpeMJICHHHN MacTaba K HyJo (TaK Ha3bIBAEMBIN CIIEKTP CHHTYJISIPHOCTH).

B T0 xe BpeMs HHIUBHUAYaIbHBIE 0COOEHHOCTH MOBE/ICHUS CUTHAJIA ONpees-
I0TCS MMEHHO JUIMHHBIMM LETsAMU cKeneTa. [lo3ToMy B HacToOsIEM HCCIIENOBAHUU
C/IeJaH aKLEHT Ha aHaJIM3a TOJbKO JUIMHHBIX Heneil. MOMEHTHI BpeMeHH, COOTBETCT-
BYIOIIHME Havady JJIUHHBIX Henel (71 MUHUMAaNbHBIX 3Ha4eHUH MacuITadoB, MPUHSA-
TBIX K PACCMOTPEHHIO), MBI OyJIeM pacleHUBaTh KaK 0COOBIE TOUKH MOBEJICHHUS UCCIIe-
nyemoro curHana 1-ro tuna. Ko 2-My Tumy ocoObIX TOYE€K MbI OTHECEM TOUKH COCIH-
HEHUS JJIMHHBIX IeTel JIOKAIbHBIX MHUHUMYMOB U MakCHMyMOB YCPETHEHHOTO CHUT-
Hana. Y3 cooOpakeHnil HEMPEPBIBHOCTH CTIIaXCHHOTO CHTHAajla BBITEKAET, YTO TaKhe
IUIMHHBIE IIETIH MOTYT JHOO COEIMHMTHCS IJIi HEKOTOPOTO OCTAaTOYHO OOJIBIIOro
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Macmitada, Moo «yWTH Ha OECKOHEYHOCTHY, YTO MPAKTUYECKH 03HAYAET BHIXOJ IIETIH
Ha HEKOTOpOE OTpaHUYEHHE M0 BEIMYHHE MacmiTada, BRITEKAIOIIee U3 OTpaHnIeHHON
JUTMHBI peau3aluyd CUTHaNA. TOYKHA COCTUHEHHUS JTMHHBIX IENel JIOKaIhbHBIX MakK-
CUMYMOB U JIOKaJbHBIX MHHUMYMOB CTJI&)KCHHOTO CUTHAJa Ha30BeM TOYKaMu Oudyp-
Kauu. 13 cMmbicaa 3TUX TOYEK CIEAYET, YTO B UX OKPECTHOCTHU UCCIEIYEMBbIA CUTHAT
BeleT cels MpUMEepHO KaK KOHCTaHTa Ha BPEMEHHOM MacmTabe, COOTBETCTBYIOIIEM
TOYKE COSJIMHEHUS 1IeTIeH.

Lenpto maHHOM pabOTHI SBISIETCS TMOMBITKA KOJIUYECTBEHHO OXapaKTepU30BaTh
MOBE/ICHNE BPEMEHHBIX PSIIOB TOJOBOTO CTOKa peK B OacceliHe Bonrm M HEKOTOPHIX
O KAWIMX BOJOCOOPOB C IOMOIIBIO JUIMHHBIX IIeNel CKeJieTa WX BeHBIET-
peoOpa30BaHUN U OLIEHUTH MPUEMIIEMOCTh CYIIECTBYIONIUX MOIXO0B.

Merton Bblae/ieHHS] 0COOCHHOCTEH BPEMEHHOI0 psijia

ITycts x(f) — aHanmu3upyeMblii curHasl. MacmraOHO-3aBUCHMOE CIJIa)KHBaHHE
CHTHaJIa ¢ TIOMOIIBIO HEKOTOPOTO S/Ipa yCpeNHEeHUs JaeTcs GopMyIIoit:

)_c(t,a):Tx(t+av)-l//o(v)dv/T(//o(v)dv, ()

rae a >0 — macmrad; () — HEKoTopas ObICTpO 3aTyxaromas (QyHkuus. B manb-
HelfeM Mbl OyZeM HCIOIb30BaTh TayCCOBCKOE ANPO: (1) =exp(—t’) . Onpenenum
AP0 HETIPEPHIBHOTO BEHBIET-IIPe0Opa3OBaHMS:

v, =D — == @) @)

d'y, () _
Ucnone3yst popMyly HHTETPUPOBAHUS IO YaCTSIM M CBOHCTBO OBICTPOTO 3aTy-
xaHus QYHKIUH (f), MOXKHO MOJYYHUTh CIEAYIOILY0 (OPMYIy AJs HPOM3BOJAHOM

3aJJaHHOTO TIOPsIIKa 7 OT criakeHHOW (yHkumu (1), nenenHor Ha n! (kodpdunyeHT
Teitnopa):

C,,Uﬂ)£%%= Ix(t+av)-l//"(v)dv a” I Vi, (V)dv- (3)

—0

3amerum, uTo dopmyna (1) sBisercs 4acTHBIM ciydaeM Gopmyisl (3) mis
n=0.

Touka MakcuMyma MOAyJsl BeiBieT-npeoOpazoBanus (WTMM-touka) (¢, a)
Uit n>1 ompenensercs Kak TOYKa JIOKaJIbHOro MakKCHMyMa BEIUYMH |c,(f,a)| TO OT-
HOIIICHUIO K M3MCHECHHSAM BPEMEHU ! JUIsl 3alaHHOTO MacmTaba a. UTo ke Kacaetcs
n=0, To gna storo ciayuas onpeaeauM WTMM-Touku Kak TOYKU JIOKAIBHBIX JKC-
TPEeMyMOB (KaKk MHUHUMYMOB, TaK W MaKCHUMyMOB) CIJIQ)KCHHOTO CHUTHaNa co(t, a).
WTMM-1o4ku MOTYT OBITh OOBETMHEHBI B IETIH, & MHOXXECTBO BCEX IEMEH M3 TaKuX
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TOYEK OOpa3yIOT CKeJIET HENpephIBHOTO BEWBIET-NpeoOpa3oBaHusi curHana. Ecim
w,(t) ABISETCS TayCCOBCKMM SIPOM YCPEIHEHHsS, TO LCMU CKEJIeTa BEUBIICT-

MpeoOpa3oBaHUI SBJISIOTCS HENPEPBHIBHBIMH TpU CTpeMIieHHMH Macitaba a — 0.
WTMM-To4uKu AJis IepBOM MPOU3BOIHOMN ¢|(f, @) BHIIENIIOT MOMEHTHI BpEMEHH Mak-
CUMaJBHBIX MaCIITaOHO-3aBUCHUMBIX TPEHAOB (KaK MOJOXXUTEIBHBIX, TaK U OTPHUILA-
TEJIbHBIX ) CTIIAKEHHOT'O CUTHAIIA Co(Z, @) JUT 3aJaHHOTO 3HAYCHHUS d.

Ilycts curnan x(f) 3aman Ha uHTepBane BpemeHu (e[0,7]. Ecniu MmomeHT Bpe-

MEHH ¢ OJIM30K K Havaly wid KOoHITy uHTepBana [0, 7], To criiakuBaroliee mpeoopaso-
BaHMe (3) UCHBITHIBACT OTCYTCTBUE MH(OPMALIMK O TMOBeIeHUN curHana x(¢) s ¢ < 0
w1 ¢ > T. OOBIYHO 3TO 3aTpyAHEHUE NPEOI0IEBACTCS ITyTEM PACCMOTPEHHS CHT-
HaJla Ha KOJbIle, T.C. ToJIaras 3Ha4eHUs] CHrHajla BHe uHTepBana [0, 7] mo mpaBuiy:
eciu t < 0, To x(¢t) =x(T + £); ecnu t > T, 10 x(f) = x(¢ + T). ITO MPOAOIHKEHUE CUTHATA
Ha KOJIBLO JaeT BO3MOXKHOCTH BBIYMCIATH NpeoOpazoBanue (3) A7 BCeX MOMEHTOB
BpeMeHH {e[0,7] U ABISAETCS MOJE3HBIM C TOUYKU 3PEHHUS WCIONB30BaHHUA OBICTPOTO

npeobpazoBanus Oypoe st Beruucinenni (3). Ho 3Hauenns (3) uckaxeHbl Ha KOHIIAX
unTepBana [0, 7], u Oosiee KOPPEKTHBIN MOAXO0A — BBEACHUE HEKOTOPBIX MaclITaOHO-
3aBUCHUMBIX «MEPTBBIX WHTEPBAJIOB», MPUMBIKAIOUIMX K Hadaly M K KOHIly OTpe3Ka
Bpemenu [0, 7], TakuxX 4TO 3HAYCHUS BEUBJIET-TIpeoOpa3zoBaHmii (3) UCKITFOUAIOTCS U3
aHajM3a JUIi MOMEHTOB BpEMEHH, IPHHAMJISKAIINX «MEPTBBIM HHTepBanam». s ry-
aCCOBCKOTO sAJpa yCpeaHeHus y,(t)~0 npu |¢|>3. CrenoBaresbHO, MOKHO BBECTH

clieyIolee MpaBuio:
ecmu 0<¢<3aq wm T -3a<t<T,TO c,(t,a) ICKIIOYArOTCA U3 aHanm3a.  (4)

W3 mpaBuna (4) cremyeT, YTO MaKCHMaJbHO BO3MOXHOE 3HaUY€HHE MaciiTada
Omax, TIPUTOTHOE JJISI aHANIN3A, ONPEACISIETCS YCIOBUEM: Aoy = 1/6, IpHYEM ISl 3TOTO
3Ha4YeHus npeodpazoBanue (3) MOXKET ObITH BHIYMCIICHO JIMIIb B €IMHCTBEHHOH TOYKE
t=T/2. TlpaBble KOHIIBI «MEPTBBIX HHTEPBAJIOBY, NMPUMBIKAIOMUX K Touke ¢ =0, a
TaKKe JIEBbIC KOHIBI ATUX MHTEPBAJIOB, MPUMBIKAIOMUX K ¢ = T, 00pa3yroT Kynoiaoo0-
pasHyio 00JacTh JOMYCTHUMBIX K PACCMOTPEHHIO TOUEK (£, @) Ha IByXMEPHOH IIOCKO-
cTv 3HaueHu# (¢, 1g( a)).

st BpeMEHHBIX PSAOB € IIaroM MO BpeMEHH Af MHHHMAJIBHBIM MaclITadoM,
JOMYCTUMBIM K pacCMOTpeHHIo, OynieM cuuTath nepuox Haiiksucra a . =2-Ar. BBe-
JeM KPHUTEpUi: LeNb CKeJieTa HEMpepBhIBHOIO BEHBIET-IPEOOpa3OBaHUsI CUMTACTCS
IUIMHHOM, €ClM 3Ha4eHus! MaciuTada BAOJIb 3TOW LeNH, HAYMHAIOIIEHCS IPU d = dpin,
NPEBOCXOJAT  TOPOroBO€  3HAaueHWe  Mmacmraba a,=y-a,, = y-(T/6), TOE

‘min

a../a. . =V <7<l —mnapamerp merona. Uem OGnuske BenuuuHa mapamerpa y K 1,

TEM MEHBIIIE YUCIIO «ITUHHBIX» Heneh. s ¥= i, Bce 1enu (GopMalibHO SBIISIOTCS
«JUTHHHBIME.

JIIMHHBIC [IeTIH JTOKABHBIX SKCTPEMyMOB (MUHUMYMOB U MaKCHMYMOB) 3Haue-
HUH ¢, (f,a) =X(t,a) ¥ MaKCUMyMOB a0COJIIOTHBIX 3HAU€HUH 1-i POU3BOAHOM ¢ (%, a)
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MPEACTABIAIOT OCOOBI MHTEPEC Uil BBIACICHUS TJIaBHBIX XapaKTEePUCTUK ITOBEICHUS
CUTHAJIa, TIOCKOJIBKY OHH Jaf0T CBOEOOpPAa3HBIN «OTIEYAaTOK MalbI[a» BPEMEHHOTO Psi-
na. PaccmarpuBast e MakCMMyMOB MOJIYJIsl IEPBOI POU3BOAHOM |c|(Z, a)|, MBI Oy-
JeM pa3linyaTh UX IO 3HAaKY, T.€. BBIAEISATH OTAEIBHO LENH MAaKCUMAaJIbHBIX MacIITao-
HO-3aBHCHMBIX HeTaTHBHBIX (c(Z, @) < 0) u mo3utuBHEIX (c(¢, a) > 0) Tpennos. [Janee
BBIIIEH3IIOKEHHAS! TEXHUKA MPUMEHSETCS K BpEMEHHBIM PsiiaM CPEJTHET0ZI0BOTO CTO-
Ka pexK.

JlaHHble U pe3yJIbTaThbl 00pPadoTKH

K coxanenuro, nMeromascs CTaTUCTHUKA MO pacxo/JaM BOJBI B peKax Xapakre-
pu3yercst HeOOJNBILOW TUTENFHOCTBIO U3MEPEHUH M TPOJIOJKUTEIILHBIME TTEpephIBa-
MU B HaOJIOACHUSX, CBSI3aHHBIX, B OCHOBHOM C BOCHHBIMHU ACHCTBHSMH, IOITOMY MBI
BBIHYKJICHBI ObLTH OpaTh JIWIIh YacTh UMEIONIMXCS BPEMEHHBIX psoB. Jlanee psiibl
YCPEIHSUIUCh U IMPOPEKUBAIUCH B 12 pa3, T.e. OCYLIECTBIISICA IEPEXO] K CPEIHEro-
JOBBIM pacxogaM. HeoOxonumocTs nepexosia OT CpeIHEMECSYHBIX K CPEeIHET0JOBbIM
3HAYEHHSIM CBs3aHa C ITOCTABJIIEHHOW BO BBEICHHHM IIEJBIO: aHAJIN3 JIOJITONEPHUOIHBIX
3aKOHOMEPHOCTEN CTOKA.

OTMeTHM, YTO MBI MOJYYHUIN COBOKYIMHOCTh PSIIOB, HMEIOLINX CPaBHUTEIBHO
MaJyIo JIUTEeTHHOCTh — He Oonee 100 TomoBhIX OoTCUeTOB. Manas JINTENbHOCTD Bpe-
MEHHOTO psiia ABISETCS CYIIECTBEHHBIM OTPAaHWYEHHUEM IS BBIACIECHIS KPUTHIECKIX
TOUYEK €To TOBEAECHMS TPAAUIMOHHBIMU METOJaMH CIEKTPAIbHOIO aHAJIN3a, OCHOBAH-
HBIMH Ha CPaBHEHHMH CIICKTPAJIBHOI'O COCTaBa CJ€Ba M CIpaBa OT TECTUPYEMOI'O MO-
MeHTa BpeMeHH. Mcnonap3oBanie MacTabHO-3aBUCHMBIX dKCTPEMAIbHBIX TOYCK CHT-
HaJIa TO3BOJISIET, TI0 HAlIeMy MHEHHIO, 10 HEKOTOPOU CTENeHN OOONTH 3Ty TPYAHOCTb.

OpHUM U3 aHATM3UPYEMBIX BPEMEHHBIX PSAJOB ABJSIETCS CTOK CO BCEro Oacceii-
Ha p. Boxru. Ha puc. 1 npeicraBieHsl rpadyKy JITHHHBIX [ENel JTOKaTbHBIX dKCTpe-
MYMOB YCPEJIHEHHOTO CHUTHaJIa (BMECTE C TOUYKaMU OMQypKalyu) U JIOKaJbHBIX MaK-
CUMYMOB a0COJIIOTHBIX 3HAYEeHHUH ero 1-i Mpou3BOAHOM (C pa3nTuueHreM OTPHLATEb-
HBIX W TIOJIOXKHTENBHBIX TPEHAOB) Al BPEMEHHOTO Psiia CPEIHETOAOBBIX 3HAUYCHHUH
ctoka Bonru y Bonrorpana 3a 1879-1989 rr. Ilapametp y, onpenenstomuii AIMHHBIE
nenu, ObuT BeIOpaH paBHBIM 0,2. OTMETHM, YTO W3 HEMPEPHIBHOCTH YCPEIHEHHOTO
CUT'Ha/la cjedyeT, YTo IS KaKJOro JAaHHOTO 3HAauyeHUs Mmaciuraba ycpeqHeHHs a
(cMm. puc. l1a) TOUKH AJIMHHBIX IETIeH JIOKATBHBIX 3KCTPEMYMOB CTJIaKEHHOTO CHUTHANA
JOJDKHBI IIepeMeskaThbesl ApYr ¢ APYroM U 3aKaH4YMBAThCS JIMOO Ha KyIojooOpa3HOM
JIMHWAW, OTPAHUYUBAIONICH CBEpXYy MaKCHMaJbHBIE 3HAYCHHUS MacIITaboB yCpeaHEeHNS,
au60 B Touke Oudypkaunu. Ho i JIMHHBIX Leneld MakCUMallbHBIX OTPUIIATEBHBIX
Y TIOJIOKUTENBHBIX TPEHNIOB (CM. puc. 10) mepeMexaeMocTh Ierneil pa3Horo THMa BO-
BCe HE 0053aTeNbHO JOJKHA COOJIOAATHCS, MOCKOJIbKY 3TH LENU COCTOST U3 TOYEK
JIOKaJbHBIX MAKCUMYMOB a0COJIIOTHBIX 3HAUEHHI POHU3BOIHOM.

I[Tomumo Bonrm ananorndsele OLEHKHM JUIMHHBIX LENEN CKEIEeTOB BEHMBIET-
npeobpazoBanuii ObUTH TIpoBeeHbI enle it 10 yyactkoB Bomkckoro Gacceiina. Ha
puc. 2 npuBeneHa HHPOpMaIUsI 00 ITUX BPEMEHHBIX PAgax.
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Juarpammebl, moo0HbIE MPEICTaBICHHBIM Ha puc. 12,0, ObUIM TOCTPOCHBI AJIS
BCEX BPEMEHHBIX PSIIOB. B pe3ynpTaTe TakMX OLIEHOK MOJy4aeTCsl COBOKYITHOCTb Bpe-
MEHHBIX TOYEK 5 pa3MUYHbBIX THUIOB: Havaja JUTMHHBIX [eTlel JOKaTbHBIX MHHUMYMOB,
MaKCUMYMOB, OTPHLATENBHBIX U MONOKUTEIBHBIX TPEHIOB U Touek Oudypkauuu. Ha
3HAYEHUS] STHX BPEMEHHBIX TOUEK OKA3bIBAIOT BIUSHMSA OIIMOKM M3MEPEHMH M dac-
TUYHO LIyM, BHECEHHBII MPOLEAYPONH BOCIOJHEHUS NIPOITyCKOB. 1103TOMYy BO3HHMKaEeT
uzes MoJy4YuTh 0OJiee YCTOMYUBBIE OLIEHKU XapaKTEPUCTHYECKHMX MOMEHTOB BPpEMEHH
MOBEJICHUSI BOIHOTO pekuMa OacceiiHa Bonrn myTem aHanm3a rucTorpaMm pacrpene-
JIeHWs 3HAYeHWH STHX TOYEK ISl BCE COBOKYITHOCTH ITYHKTOB HaOmromeHuii. Ha
puc. 3 u300paxkeHbl Takue rucrorpammsl. [Ipu 3ToM 3HaueHHE YMCIIa MOMEHTOB Bpe-
MEHH TOTO WJIM MHOTO THIIA, MONAaBIIMX BO BPEMEHHON MHTEpBal JUIMHOM 1 rof, nenu-
JIOCh Ha 00Ilee YHCII0 MOMEHTOB BPEMEHH, BCIICACTBHUE YETO 3TH I'PapUKH SBISIOTCS
TUCTOTPAMMHBIMH OILIEHKaM{ IUIOTHOCTH DAaCIpelelIeHns BEPOATHOCTH MOMEHTOB
BPEMEHH Pa3HOTO THUIIA.

Crienyer OTMETUTH PacloIOKeHHE TPapuKOB THCTOrpaMM: CHayaja UAET THC-
TOTpaMMa MOMEHTOB BPEMEH Hadall JUTMHHBIX Ienel JTOKAIbHBIX MHHUMYMOB, TIOTOM
— MaKCHMAaJIbHBIX TOJIOKUTEIBHBIX MPOU3BOJIHBIX, Jajee — MaKCUMyMOB M MaKCH-
MaJIBHBIX OTPHULATEIBHBIX MPOU3BOIHBIX. DTOT MOPSIOK BBIOpaH He ciydaiiHo. Tak
OH COOTBETCTBYET «ECTECTBEHHOMY LHUKIMYECKOMY MOPSAAKY»: MOCIE MUHUMyMa —
POCT 10 MakCHMMyMa, a 3aTeM — Claj J0 MUHUMyMa U T.J. BusyanbHblil aHanu3 rpa-
¢uKoB Ha pHC. 3 TO3BOJIET JIETKO 3aMETUTh, YTO IpuMepHO A0 1940-1950 rr. mak-
CUMYMBI THCTOTPaMM pPAacIONIOKEHbBI HMEHHO B TAKOM «ECTECTBEHHOM HUKIMYECKOM
MOPSIZIKE», HO 3aTeM ATOT MOPSJIOK HapyIIaeTcs W B KOHIC MHTEpBana HAOIIOICHUHA
MaKCHMyMBl THCTOTPaMM BO3HHMKAIOT HEKOPPETUPOBAHHO C MaKCUMyMaMH THCTO-
rpaMM MOMEHTOB BPEMEHHM JPYTHUX THUIIOB, T.€. HACTYIAET Xaoc.

B pesynpraTe aHanm3a UIMHHBIX IEMed MacITaOHO-3aBUCHMBIX 3KCTpeMallb-
HBIX TOYEK PSIIOB CTOKA JUI pek OacceiiHa Boiarm MOXHO clienaTh CIeIyrOIIUi BbI-
BOJ: OIIPENIENEHbI XapaKTepHble nepuoasl 4,5—7,5 net u 12—13 ner qna ruaposoruye-
CKOTO pexxnMa OacceiiHa Bonru, mpudem Beienens! nHTEpBaNBl 1920-1940 u 1950—
1970 rr. mepecTpoiiku pexuma. B mepBom cirydae mepecTpoiika UMEET XapaKTep BO3-
HUKHOBEHHS HOBOM HMUKIUYHOCTH 12—13 et u murpauuu 7,5-ronoBoi HUKIUYHOCTH
K 4,5-rogoBoii. Bo BTOpOoM cilyyae BO3HHMKAET XAaOTHUUECKUH PEKHUM, HE HMEIOIIUI
YeTKO BBIPAKEHHBIX TEPUOJUYHOCTEH. BwimeneHsl wHTepBaisl BpemeHH 1907-
1912 rr. m 1927-1932 rr. UHTEHCUBHBIX U3MEHEHUH peXMMa Ha BPEMEHHBIX MacIlITa-
6ax ot 3 no 18 ner.
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Pesynbprathl MccnenoBaHUs YKa3bIBAIOT HAa HAIWYHME psifa OCOOEHHOCTEH, Tpe-
OYIOINX YCIOKHEHHUS CYIIECTBYIOIINX B THAPOJIOTHH MOeNiell MHOTOJIETHEH U3MEeH-
YUBOCTH CTOKa, MO KpaiiHell Mepe, MPUMEHHUTENbHO K PELICHHUIO 3a/la4l BEpOSTHOCT-
HOT'O MPOTHO3UPOBAHNUS YPOBHSI 3aMKHYTOT'O BOZOEMa.

Summary

One of the problems of time series analysis is detecting of change points, i.e. those
time moments which correspond to rapid changing of the signal to be analyzed. An-
other problem is seeking for the stationary time points, i.e. time moments, correspond-
ing to local extremes (minimums or maximums). It is obvious that the type of the be-
havior of the signal depends on the time scale at which the signal is analyzed. The last
means that the signal must be averaged within certain moving time window before
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analyzing. Thus, the properties of the averaged signal depend on the radius of the av-
eraging moving time window or when using other methods of smoothing — on the effi-
cient radius of “influence” of smoothing kernel function. This radius of smoothing is
nothing else as the time scale of the signal analysis. The time points of local mini-
mums, maximums and minimum and maximum values of the 1% derivative of the
smoothed signal provide natural fragmenting of the signal’s behavior at the given time
scale. Let us call these time points as the scale-dependent extreme points of the signal.

For the most of natural time series when the scale value is small the averaged sig-
nal possesses a lot of extreme points but with scale increasing this number decreases.
When the scale value is increasing gradually we can perform the chaining of the ex-
treme points of the smoothed signal of the same type i.e. separately points of local
minimums, local maximums, points of maximums of the 1% derivative (maximum
positive trends) and points of minimums the derivative (maximum negative trends).
Thus, we have four types of chains of extreme points on the plane of time-scale val-
ues. The most of these chains abort with scale increasing rather rapidly but some of
them have a very large length and propagate from minimum scale values up to maxi-
mum possible scale values which are admitted for the analysis taking into account the
finite volume of the time series sample.

The procedure described above is known in the wavelet analysis as wavelet trans-
form modulus maximums (WTMM) analysis and the set of chains of WTMM-points
is called the WTMM-skeleton. Skeleton of WTMM-points are used for image analysis
(detecting of boundaries and textures of the patterns). In the turbulence and financial
researches multi-fractal spectrums of WTMM-points at the limit of scale values tend-
ing to zero (spectrum of singularity) are used.

At the same time an individual pattern of the signal is formed by longest chains of
WTMM-skeleton, i.e. for scale values which are comparable with the length of time
interval where the signal is defined. That is why let us leave for the analysis the long-
est chains of scale-dependent extreme points only. These longest chains form a charac-
teristic pattern of the time series behavior which could be regarded as its “fingerprint”.
The long WTMM-chains present the evolution of scale-dependent extreme points in
time and in scale simultaneously. The time moments corresponding to the beginnings
of long chains (for the smallest scale value) indicate the most significant extreme
points among all others within the smallest scale level. Another interesting class of
points is formed by the final points of the long chains of the local extremes which be-
came close to each other on some rather big scale level. Let us call these points as bi-
furcation points. At the vicinity of bifurcation time point the smoothed signal behaves
approximately as a constant. From continuity of the smoothed curves it follows that
long chains of local extreme points of these curves could either connect with opposite
type of extremes (minimum with maximums) in the bifurcation points or “come to in-
finity”, i.e. go to some upper limit of possible scale values.

The purpose of this paper is an effort to characterize quantitatively the general be-
havior of the group of annual rivers runoff time series using their long WTMM-chains.
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The problem of extracting time intervals with trend or stationary behavior of hydro-
logical regime of 16 annual river’s runoff time series of Volga, Don and Dnepr basins
is investigated using analysis of long continuous wavelet transform modulus maxi-
mum chains. Characteristic periods 4.5-7.5 and 12-13 years are detected and time in-
tervals of transient hydrological regime behavior are extracted. Cyclic behavior with
periods 12-13 years started and migration of 7.5-years periodicity to the 4.5-years took
place at 1920-1940 whereas a chaotic regime without explicit periodicity has been oc-
curred at 1950-1970.

Time intervals 1903-1912 and 1923-1937 are characterized by the most intensive
regime changes at time scales 3-18 years.
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Estimates of Possible Regional Hydrological Regime Changes in the 21* Century
Based on Global Climate Models

1. I. Mokhov

A. M. Obukhov Institute of Atmospheric Physics RAS
Pyzhevsky per., 3, Moscow 119017, Russia

OLIeHUBAIOTCS pErHOHATIbHBIE U3MEHEHUS THUAPOJIOTUYECKOro IIUKIa, B YaCTHO-
CTHU OCAJIKU U PEYHOM CTOK, IO pacdeTaM C KIMMAaTUYECKUMH MOJICISIMU B CPAaBHECHUH
C TaHHBIMH HaOMro/IeHUH. Ccronb3yoTesl Kak KIIMMaTHIeCKHe MOJICIH O0IIel ITUpKy-
TSAIWH, TaK U TJI00ambHas KIMMaTHYecKas MOJIENb MTPOMEKYTOUYHOU CIOXKHOCTH TpU
Pa3HBIX aHTPOMOTEHHBIX crieHapwsiX st XXI B. Ocoboe BHUMaHHE YIEISIETCS OLCH-
KaM BO3MOXKHBIX M3MeHeHMI 1y OaccerHoB Boaru, Oou, Ennces, Jlensl. AHanu3u-
PYIOTCSL pa3HbIE XapaKTEPUCTUKH OCAIKOB, BKIIOYAs UX CPEAHHE U HKCTpEeMalbHbIC
3HAYCHUS, HHTCHCUBHOCTH M BEPOATHOCTh. OOCYKIAIOTCS OCOOCHHOCTH MOJICITUPOBA-
HUS W3MEHEHUI pEYHOro CTOKAa B PErMOHax C BEYHOU Mep3iorod. Knumartuueckue
AHOMAJIMU THUIIA 3aCyX U MOXKapPOB TAKXKE aHAIM3UPYIOTCA C HUCIONb30BAHUEM PETUO-
HAJIbHBIX MOACJIBHBIX PaCYCTOB.

KiroueBble c10Ba: H3MEHEHUS KJIMMAaTa, OCaJKU, PEYHOH CTOK.

I'mobanpHBIE M perHOHATBHBIE H3MEHEHHUS TEMIIEPaTypPHOTO PEeKHUMa B TOCIIE-
HUE JeCATWIETUS COIMPOBOXKIAIOTCS 3HAUUTENBHBIMU BapHallUsIMU XapaKTePUCTHUK
THAPOJIOTMYECKOT0 LHKIA, HallpuMep B pernoHax EBpaszmm. OTMedeHa TEHIEHIUS
YCHJICHUS DKCTPEMATBHBIX OCAJKOB B Pa3IMYHBIX PETHOHAX, B YACTHOCTH, HaJ| CyIIei
CPeIHMX U BBICOKMX HIMPOT B CeBepHOM Monymapu. i olleHOK BO3MOXKHBIX H3Me-
HEeHMH B OyayIieM, CBSI3aHHBIX C €CTECTBEHHBIMH W AHTPONOTCHHBIMH NPHYHMHAMM,
HCTIONB3YIOTCS IJI00aNbHbIE MOJENM KJMMaTa, B TOM 4Hcie HauOosee IeTanbHbIC
knumaTrdeckue mojenu oomieit mupkyisauuun (KMOLL) arMocdepsl 1 okeaHa ¢ OIu-
CaHMeM JUHAMHMKH MOPCKOTO JIbJIa M MPOLECCOB B JIEATENBHOM CJIO€ CYIIH C Y4ETOM
onochepHbix 3pdexToB. CormacHO MOAETHHBIM pacueTaM MpH TI00aAThHOM IMTOTETIe-
Hud B XXI B. ClIeyeT 0KUJATh 3HAUUTEIbHBIX U3MEHEHUN THIPOJOTNYECKOTO PEXKU-
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Ma U, B YaCTHOCTH, AAJbHEUIIET0 YCHIIEHUS TEHACHLINN dKCTPEMAIBHOCTH OCaJIKOB U
nposieneHust ee Hax MHorumu permoHamu (IPCC-2001a,b; IPCC-2007a,b). upoxo
HCIIOJIB3YIOTCS KJIMMAaTHYCCKUE MOJICIIU MPOMEXyTouHOM ciioskHocty (Claussen et al.,
2002; Petoukhov et al., 2005). [{nst 6ojxee meTanbHOTO aHANHM3a HAPSLY C TII00ATHHBI-
MU KJIMMaTHYE€CKUMH MOJIEJISIMHU HCIOIb3YIOTCSI PETHOHAIBHBIE MOJIEIIH.

MopnenpHbIE U AUATHOCTHYECKHE HMCCIENOBAaHMS PETHOHAIBHBIX THIPOIOTHYE-
CKUX PEKHMMOB U WX M3MEHEHHMH MpPOBENEHBI, Hampumep, s OacceitHoB Bonru n
Kacnwuiickoro mops (Apme u zp., 1999; IN'omunpsia u ap., 2000a; Menemko u np., 1998;
Arpe et al., 2000), Hessl u Jlamoxxckoro o3epa (Apme u mp., 2000; T'omumee U ap.,
20006, 2001a,0, 2002, 2004), 1 BoJ0ocOOPOB KpyNHEHIIUX cuOUpCcKuX pek (Moxos,
Xow, 2000, 2002a,6; Moxos, 2002).

PazHocTOpOHHMIA aHANMN3 BO3MOXKHBIX U3MEHEHHUH IMTOOANBHOTO KIIMMAaTa U JUIS
POCCHICKHMX PErMOHOB MPHU PA3HBIX CLECHAPUSAX AHTPONOIEHHBIX BO3ACUCTBUI B
XXI B. mpoBeneH B pabore (Menemko u ap., 2004) ¢ HCoab30BaHUEM HYHCIICHHBIX
pacdeToB ais aHCaMOJIs KIMMaTH4ecKux mojeneid. B wactHocTH, Ha ocHOBe KMOIL]
MIOJTyYeHBI PETHOHAIBHBIE OIEHKH MPH JIByX aHTPONOTeHHBIX cueHapusx SRES-A2 u
SRES-B2. B Tom uucie npoBefieH aHaINU3 BaKHBIX XapaKTePUCTHK KIMMarta JJs BO-
JI0COOPOB KPYIHBIX PEYHBIX 0ACCEHHOB B €BPOICWCKON M a3MaTCKOM yactax Poccuu:
OacceiinoB Boaru u Ypana, O6u, Enuces, Jlensi, [lewopsr, CeBeproii [IBunbI, JoHa,
Kybanu u ap.

CpenHerooBoe KOJIMYECTBO OCAAKOB s 3€MIM B IEJIOM MO MOZAEIbHBIM
orieHkam (Memnemiko u np., 2004) yBennuuBaercs K cepequHe u K kKoHIry XXI B. cooT-
BETCTBEHHO MpuMepHO Ha 2 1 3 %, a obiiee yBeTnUeHHe KOJTUIEeCTBA OCaIKOB Ha Tep-
putopuu Poccuu 3HaYMTENBbHO TpEBBINIACT cpelHHe TiodanbHble M3MeHeHus. Co-
[JIACHO MOJENBHBIM pacdeTaM Ha MHOTHX POCCHICKHX BOAOCOOpax B BBICOKHX H
CPEeIHHUX INMHPOTaX KOJWYECTBO OCAJKOB BO3PACTAET HE TOJBKO 3UMOW, HO H JIETOM.
OpHako B TeIioe BpeMs To/la yBEIMYEHHE KOJMYECTBa OCAJKOB 3aMETHO MEHBIIE U
MIPOSIBIISIETCSI B OCHOBHOM B CEBEPHBIX PETHOHAX.

B roHBIX pernoHax eBporneickoi yactu Poccuu 1ieToM mo MoJenbHbIM pacye-
TaM CIIEyeT OKUIATh YMEHBIIICHUS KojmdecTBa ocaakoB (MoxoB u ap., 2003; Me-
aemko u ap., 2004). 3umoii Ha eBpomneiickoil yactd Poccuu u B ee 10)KHBIX peruoHax
YBEIMYMBACTCS JOJS )KUIKAX OCaIKOB, a B BocTounoit Cnbupu u Ha UykoTke Bo3pac-
TaeT KOJIMYECTBO TBEPABIX. Pe3ynmbTaToM 3TOrO SBISETCS YMEHBIIEHHE MACCHI HAKOII-
JIEHHOTO 3a 3MMY CHera Ha 3amnajie u fore Poccun 1, COOTBETCTBEHHO, JOMOJHUTEIHHOE
HakoruieHue cHera B LlenTpanpHoit u Boctounoit Cubupw.

C yBenu4yeHueM KOJMYECTBA OCAAKOB IIPH HOTEMJICHUH CBA3aHO 3aMETHOE yBe-
JUYEHHE CTOKa Ha OOJILIIMHCTBE BOJOCOOPOB poccuiickux pek (Menemko u ap.,
2004) (cMm. Taxke (MoxoB u np., 2003; Moxos, Enucees, [lemuenko u ap., 2005; Khon
et al., 2007; Mokhov et al., 2007)), 3a uckIro4eHrEM BOAOCOOPOB FOKHBIX pek ([loHa,
B YaCTHOCTH), JIJIsl KOTOPBIX roji0Boi ctok B XXI B. B 11eniom yoObiBaet. HanbGosee 3Ha-
yuMOe€ yBesnndeHue cToka B XXI B. 0 MOJIETbHBIM OLIEHKaM OTMEYEHO IJIsI CEBEPHBIX
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pek, Bnagaromux B CeBepHblil JlenoBuThId OkeaHn, B ToM uucie ans Jlensl, Enuces,
ITeuops! u CeBepHoil [IBUHBIL.

M3MmeHeHnsT MaKCMMaJIbHOTO (BECEHHEr0) CTOKAa PEeK 3aBUCAT OT W3MEHEHHI
CKOPOCTH TasHUS CHEra W HAaKOIUIEHHOW 3a 3UMY MacChl CHera. MojenbHbIe OLIEHKH
CBUETEIHCTBYIOT 00 YMEHBIIIEHIH BECEHHET0 MaKCHUMyMa CTOKa U ero 0osee paHHEM
Hactyieann B X XI B. Ha BomocOopax Jlona, Bonru, Ypana, 9To cBS3aHO ¢ YMEHBIIIE-
HUEM HaKOTUICHHOM mMacchl cHera. Ha BogocOopax ceBepHBIX pek, B ToM uuncie [ledo-
pe1, CeBepnoit JIpunel, O0H, HECMOTPsSI HA HEKOTOPOE YMEHBLICHHE MAacChl CHera K
Havally BECHBI, CTOK 3aMETHO Bo3pacTaeT Kk cepenuHe XXI B. nz-3a Oonee OBICTPOTO
tasHUs cHera. [Ipu 3ToM K koHIly XXI B. CTOK Ha 3TUX BOoJ0CcOOpax yMEHbIIAeTCs, 4TO
CBSI3aHO ¢ YObIBaHMEM HAKOIUICHHOW Macchl cHera. B To sxe Bpems B LleHTpansHO# 1
Bocrounoit Cubupu Ha Bogocbopax Ernces u JIeHbI py MOTETUIEHWH KITMMaTa Macca
CHera 3MMOH yBEJIIMYHBAETCS C CYIIIECTBEHHBIM POCTOM CTOKA TPU BECEHHEM CHETO-
TasHUH. 3HAUMMBIH POCT BECEHHETO CTOKA 3a CUET pacTasBLIEr0 CHETra 0 MOJIENbHBIM
pacderam yxe s nepoit monoBuHBl XX B. Ha BogocOopax Enunces u JleHsr cBume-
TENbCTBYET 00 YBETHMUYEHUHN BEPOSTHOCTH KPYIMHBIX BECEHHUX ITABOIKOB Ha 3THUX BO-
nocoopax (Menemko u np., 2004).

3HAYUTENbHBIE U3MEHEHUS COIJIACHO TOJIyYEHHBIM OIIEHKaM CIIEAYeT OKUAATh
s croka Jlensl. [{nst Eancess 1 OO0u MoJenbHBIE pacdeThl Tak)Ke OJHO3HAYHO YKa3bl-
BalOT Ha oOmmi poct ctoka B XXI B., XOTS ypOBEHb 3HAYUMOCTH 3TOTO POCTa B pa3-
HBIX MOJIEJISIX CHJIBHO pasznudaercs. Jins Bonru nomy4yeHsl n3MEHEHHs pa3HOro 3HakKa,
XOTS JOMUHHUPYIOT TOJIOXKHUTEIBHBIE TPEHBI, YTO OTPA3WIOCh M B CPEIHEM IO aH-
caMOJIIO MOJIENIe pocTe CTOKA (CPaBHUTEILHO CIIA00M).

JlanHbple HAONIOMCHUN CBUJIETENBCTBYIOT HE TOJILKO O MPOJIOJIKCHUU OOIIEeTo
MOTEIJICHHS, HO U 00 ero yCKopeHuH B mocieanue rosl (Moxos, 2006; IPCC-2007a).
CoBpeMeHHBIE MOJIENIN CIIOCOOHBI a/IeKBATHO ONHCHIBATH HE TOJBKO OCHOBHBIE TJIO-
OaJbHBIE U PETHOHABHBIE 0COOCHHOCTH 3eMHON KIMMATHYECKOH CHCTEMBI, HO M MX
m3meneHus. Cormacuo (IPCC-2001a,b; IPCC-2007a,b) npu rio0anbHOM MOTETICHUU
B XXIB. cieayer 0XHUIaTh CYIIECTBEHHBIX HU3MEHEHHU SKCTPEMAJIbHBIX PEKHMOB
0CaJKOB, IPUBOIAIINX K HABOAHEHUSM WM 3aCYIUIMBBIM W IT0KAPOOTIACHBIM PEXH-
MaM. B paborax (Moxos, Pexnep, CemenoB, Xon, 2005, 2006; Khon et al., 2007)
C/IeTIaHbl OIICHKN BO3MOKHBIX W3MEHEHHUH Pa3MYHBIX XapaKTEPUCTHK OCAIKOB, B TOM
YHCIie UX KOJNYECTBA, HHTEHCUBHOCTH, BEPOSITHOCTH JHEW C OCaJAKaMH U MX IKCTpe-
MaJIbHBIX pEXUMOB JUIsl pa3HbIX pernoHoB CeepHoit EBpasum B XXI B. IIpu ananuze
ucnonp3oBauck pacuetsl ¢ KMOI[ ECHAMS/MPI-OM wu rino6aipHON KIMMaTHYe-
ckoit mogenmn Muctutyta dusnku atmochepst PAH (KM UDA PAH) (Moxos u ap.,
2002; Moxog, Enncees, Jlemuenko u np., 2005) npu cuenapusix SRES-A2 u SRES-B1
AHTPOIOT'CHHBIX AMHUCCHHA MapHUKOBHIX ra3oB B atMocdepy. [ Oonee meranbsHOTrO
aHanmm3a ObUTH BBIOpaHBI OacceWHBI KPYMHEWITNX CHOMPCKHUX peK, Bonrw, a Takxke pe-
ruoH KaBkasza. Jliist 6accerinoB Boaru, O6u, Ennces u JIeHsI o01ee KOJIMYECTBO 3MM-
HUX OCaJIKOB, UX UHTEHCUBHOCTh U BEPOSITHOCTH, a TAKXKe IKCTPEMaJIbHbIE OCAJKU 10
pacaeram ¢ ECHAMS/MPI-OM B XXI B. pu cuienapusix SRES-B1 u SRES-A2 yse-
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JMYUBAIOTCSA. JIeTOM TpeHBI A1 MHTEHCUBHOCTHU M 3KCTPEMANIbHBIX ocaakoB B XXI B.
TaKXe IMOJIOKUTENIBHBIC, XOTA U B LIEJIOM MEHee 3Ha4MMble, 4eM 3uMoi. IpuHuumnu-
aNbHO OTJIMYAIOTCS OT 3MMHHUX JIETHHE TPEHJBI JUISI BEPOSITHOCTH OCAJKOB — OHH OT-
pHULaTeNbHBIE UIS BCEX YETHIPEX pedHBIX OaccelHOB. IIpu 3TOM TeHOEHLMH M3MEHe-
HUS OOLIEro KONWYECTBA JICTHUX OCAJKOB HE3HAUYMMBIE M MOTYT U3MEHSTHCS B 3aBU-
CHUMOCTH OT aHTPOINOTEHHOTO CIIeHapus, KaK, HalpuMep, s 6acceitna Bonru. Cye-
CTBEHHBIE OCOOCHHOCTH OTMEUEHBI 17151 KaBKka3ckoro pernoxa.

OneHky BO3MOYKHBIX M3MEHEHHUH B HAcTOAlIee BpeMs yallle, B TOM YHCIE U B
pabortax (IPCC-2001a,b; IPCC-2007a,b), nenatorcst 6€3 y4era B KIMMATHIECKIX MO-
JeTIsIX B3aUMOJICHCTBUS ¢ YTIAepoaHbIM HuKiIoM. B pabore (Moxos, Hrodpen, Jle Tper
u ap., 2005) nomydeHsl OLEHKM BO3MOXHBIX M3MeHeHuil B XXI B. aKcTpeMalbHBIX
KIIMMATHYECKUX PEKUMOB U OnochepHsIx ¢ dexroB B pernonax CerepHoit EBpaszum,
B YaCTHOCTH ISl POCCUIICKUX PETHOHOB, IO pacdeTaM C II00aJbHON KIMMAaTHIeCKOH
MOJIETIbIO C YIJIEPOAHBIM IMKJIOM TPH AHTPOIIOTEHHBIX BO3JEHCTBHUSX (CM. TaKke
(MoxoB u np., 2006a,0; Enucees u ap., 2007)). [Ipx 3TOM y4uTHIBalIOCH BIHSIHUAE HE
TOJIBKO aHTPOIIOTEHHBIX BO3JCHCTBHUN Ha KIMMATHUCCKUN PEXHM, BKItodas Onocde-
Py, HO U OHMOC(EepHBIX U3MEHEHHI Ha KIMMaTHYSCKHE XapaKTepUCTUKU. AKIEHT clie-
JIaH Ha aHaIM3€ BIIMSHUS 3aCyX Ha U3MEHEHHUS] OMONPOAYKTUBHOCTH HAa3eMHBIX 3KOCH-
CTeM B CpeiHUX mmmporax. /s aHamu3a HCIOJB30BAINCh PE3YJbTaThl PacueTOB C
KMOL ¢ yrnepoansm 1ukinoMm [SPL-CM2. B uucneHHBIX pacyerax 3ajaBajlach aH-
TPOTIOr€HHAas IMUCCHsI YIIIEKUCIIOro ra3a B atMocepy Mo JaHHBIM HaOMIOACHUH [UIs
1860—1990 rr. u B coorBercTBUM co cueHapueM SRES-A2 nqms 1991-2100 rr. B pe-
3yJbTaTe BKIIOYECHHS B TJIOOATBHYIO KIMMATUYECKYI0 MOJETh B3aUMOJECHCTBHS C yT-
JIEPOHBIM ITUKJIOM €€ YYBCTBUTEJIBHOCTh K YBEIHYEHHUIO COJCpPKAHUs YTIEKUCIIOTO
rasa B aTMocepe yBeITUUUBACTCS. DTO CBUAETENILCTBYET O COOTBETCTBYIOLICH TOJIO-
KUTEIFHOU 00paTHOMN CBSI3U. bim3kue pe3ynbTaThl MOJydeHbl B YUCISCHHBIX pacdeTax
¢ rnobanpHON KnuMarudeckord mozensio MDA PAH c GiokoM yriepoaHoro IHKIa
(MoxoB u np., 2006a,0; Emucee u ap., 2007).

B cooTBeTcTBMM C MOIEIBHBIMH pacyeTaMH CIELyeT OXKUAATh YBEJIUYCHUS B
XXI B. o cpaBHEHMIO ¢ XX B. BEpOATHOCTH PACIPOCTPAHEHUS] BECEHHE-JIETHUX 3aCyX
B CpeJHEMPOTHHIX perrnoHax EBpasun (Moxos, [Jtodpen, Jle Tpet u np., 2005). Ilpu
9TOM aHAIN3 CBSI3M XapaKTEPUCTHK YIJIEPOAHOIO OOMEHa M OMOIPOLYKTUBHOCTH Ha-
3€MHBIX IKOCHCTEM C PEKMMaMH{ 3aCyX BBISIBHII 3aMETHOE yMEHBIIEHHE MEePBUYHOMN
OMOTIPOIYKTUBHOCTH, B YACTHOCTH B €BpOINEHCKOi yacTu Poccum, ¢ yBennueHneM WH-
JIeKca 3acylIMBOCTH B XX B., Toraa Kak a1t XXI B. UX 3HaUUMOM CBSI3U HE OTMEUEHO.
OO6mmii poct mo pacyeram it XXI B. 3HaUeHWH MEPBUYHON OHOMPOAYKTUBHOCTH M
YHUCTO OMOIPOYKTHBHOCTH SKOCHUCTEM B aHATM3MPOBABILINXCS PETHOHAX CBS3aH C MH-
TeHcuuKanuel goTocunTe3a npu pocte comepikanus CO, B atMmocdepe, naxe He-
CMOTps Ha HeOIaronpusaTHbIC U3MEHEHHUS PETHOHAIBHOTO KIMMaTa, B YACTHOCTHU yBe-
JMYEHNe BEPOSITHOCTH 3acyX. [Ipu 3TOM corjacHO MOJENbHBIM pe3ylbTaTaM THII pe-
THOHAJIBHBIX 3aCyX MNpPHU TII00aTbHOM MOTEIJIeHHH MeHsieTcs. OTMEeueHO YCHIICHHE
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CBSI3M OHMOMPOJYKTUBHOCTH B KJIIMMATUYECKOM MOJENHU C BJIAarocoAepKaHUEeM IOYBHI,
COIIPOBOXKAIOIIEECs ocabIeHueM CBA3U ONONIPOAYKTUBHOCTH C OCAJKAMH.

CrnemyeT OTMETHTH CYIIECTBEHHBIE NPOOIEMBl MOIEIMPOBAHHA H3MEHEHHUN
THIPOJIOTHUYECKOT0 PEXUMa, B YACTHOCTH PEYHOTO CTOKA, B YCIOBHUSX BEYHOHW Mep3-
notel. B pabote (ApxaHoB 1 ap., 2007) mpoBeieHB YNCICHHBIE pacyeThl N3MEHEHUH
CTOKa KPYIMHEHIINX CHOMPCKHUX PEK MPH U3MEHEHHIX KIIMMaTa C y4eTOM BIIMSHUS Jie-
rpajjalvy BEYHOW MEp3JI0Thl Ha BIarOeMKOCTh MTOYBHI M 3aac TaJoW BJIard B CUCTEME
JUIE BTOpPOW MoNoBUHBI XX B. OTMEUeHO, YTO Ui aJlekBaTHOro ctoka O0u HeoOXo-
IUMO YYUTBIBaTh OOIIMpPHBIEC 3a00104€HHbBIE TeppUTOpUH B 3anaaHoi Cubupu.

Bonee anekBaTHOMY OMHMCAHUIO TPOLECCOB (DOPMHUPOBAHUSI PETHOHAIBHBIX
aHOMAaJIM THAPOJIOTHYECKOTO PEKUMA M KaTacTpO(YUUECKUX SIBICHUH IOIKHO CIIO-
COOCTBOBATh Pa3BUTHE HAPSIy C TIIOOATHHBIMH MOJEISIME OOIIeH MUPKYISAIUN Oojee
JETATbHBIX PETHOHAIBHBIX MOJENeH KJIMMaTa ¢ aHaiu30M (YHKIHMUA pacupezeseHus
KIIMMaTHYECKUX XapaKTepUCTUK Ha OCHOBE aHcamOiel YHCIeHHBIX peanu3anuii. B
paborax (MoxosB, Uepnokynbsckuii, llIkompauk, 2006; Mokhov et al., 2007) mrs poc-
CHICKHX PETMOHOB NPH M3MEHEHUSX KJIMMAaTa Ha OCHOBE PacyeTOB C PETHOHAIBLHON MO-
JIeNIbI0 KITMMaTa c/IeJlaHbl OIIEHKH pHCKa 3acyX U JIECHBIX MOXapoOB, 3aBUCSIINE OT aHO-
MaJIMi OCaAKOB U TEMIEpaTypsl. JlJs aHanHu3a NCHONIb30BAINCH PE3YJIbTaThl pACUETOB C
npuMeHeHueM peruoHanbHoi mogenu I'TO ¢ ropusoHTansHbBIM paspenieHreM 50 KM
nipu anTponoreHHsix creHapusx SRES-B2 u SRES-A2 g XXI B. [y onieHku moxa-
pooIacHOCTH UcTob30BaIcs nHAekc Hecreposa n ero moandukauuu. Ipunsrto pa3ou-
BaTh 3HAUYEHMs MOTEHIMANA M0XKapOOIIaCHOCTH Ha IIITh AMAIAa30HOB: HE I0XKapooIac-
ueiid pexnM (1), a Takxe pexxnmsl ¢ ManbiM (1), ymeperssm (III), Beicokum (IV) 1 ake-
TpeMaJbHO BBICOKUM (V) YpOBHEM MOKapPOONACHOCTH.

B pabote (MoxoB, UepHokynbckuil, lIkonsank, 2006) npencrasieHo pacrpe-
JIeTIeHre 3HAYeHHWH CpPEeIHEro JISTHEro MHieKca moxapooracHocT it 1991-2000 rr.
Bornee 10)xHBIE IIMPOTHI B LIETIOM XapaKTEPU3YIOTCSl SKCTPEMATIbHBIMU 3HAUEHUSIMUA HH-
Jekca moxkapoornacHocTd. HOxkHas rpaHuia o0OnacTedl ¢ HaJMYMEM JIECOB B CPEIHUX
mmpotax EBpomneiickoit Tepputopun Poccun Haxomures B pexkume (I11) ¢ ymepeHHBIMEU
3HAYECHUSIMH TIOTEHIMaia moxkapoonacHoctd (MoxoB, UepHokyibckuit, LIIKompHUK,
2006). B cpennux u BhIcOKMX mupoTax EBporeiickoii Teppuropun Poccun, a Takxke B
3aIaIHOM YacTH a3uaTcKoi Tepputopuu Poccnu steca CyImecTByIOT TITaBHBIM 00pa3oM B
ycnoBusx cnaboit moxapoomnacHocTH (pexkum (II)). Tompko st oTHOCHTENFHO HEOOb-
LIOM TEPPUTOPHHU C JecaMH KIMMAaTHUECKHE YCIOBHUS COOTBETCTBYIOT HM)KHEMY JUara-
30Hy pexuma (I11).

AHanu3 BO3MOXHBIX HM3MEHEHUU moxapoornacHocTd B XXI B. OTHOCHUTENBHO
XX B. 0 pacueTaM C HCIOJIb30BaHMEM PETMOHAJIBHON MOJAEIM TPH aHTPOIIOT€HHOM
cueHapun SRES-B2 BbIIBIII 3HAUMTENBHYIO MPOCTPAHCTBEHHYIO HEOIHOPOIHOCTH. B
pabore (MoxoB, UepHokynbsckui, [lIkonpank, 2006) mpuBeneHp W3MEHEHNST HOPMH-
POBaHHOTO CPEIHETro JETHEr0 WHEKCa MOYKapOOMacHOCTH OTHOCHTENbHO KOHIa XX B.
(19912000 rr.): x cepemune XXIB. (2041-2050rr.) m k xoHimy XXIB. (2091—
2100 rr.). CormacHo 3TUM OIIeHKaM Jisl n3MeHeHnH k cepenuae X XI B. (OTHOCHUTENHHO
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MocaeTHero AecATHneTHs XX B.) JIETHEW MOXApOONMACHOCTH HapsAAy C YBEIHMUYEHHEM
pHCKa TT0XKapoB B FOXKHBIX ITUPOTAX, B YACTHOCTH, B Oacceitne Bonru BOmm3u Kacrms n
MIPUKABKA3CKUX PETHOHAX, a TaK)Ke Ha ceBepo-3amajie Poccuu, MOKHO OXKHMIATh YMEHb-
LIEHUs M0’KapOONIaCHOCTH Ha 3HAYUTENbHOM yacTu EBponelickoit Tepputopun Poccun.
[locnenHnee MOXHO OOBSICHUTH YBENUUYEHUEM B MOJIENIN KOJIMIECTBA OCAIKOB B CPEIHUX
Y BBICOKHX MIMPOTaX MPU OTHOCHTEIHLHO HEOOJBIIIOM JIETHEM MOTEIJICHHH B CITydyae aH-
TpomoreHHoro ciieHapus SRES-B2. Ha tore Poccun o MoeIsHBIM OIIEHKaM OXKH1aeT-
Csl yMEHBIICHHUE JIETHUX OCAJIKOB, YTO B COYETAHHUH C POCTOM TEMIEPaTyphl CIOCOOCT-
BYET YBEITMUYEHHIO BEPOSITHOCTH 3aCyX U MOXKAapPOB.

M3MeHeHns JeTHel mokapoonacHOCTH K KOHIy XXI B. CyllIECTBEHHO OTIMYAI0T-
Csl OT COOTBETCTBYIOIIMX M3MeHeHuil k cepenune XXIB. (MoxoB, UepHOKYIbCKHIA,
[konpauK, 2006). B Gonblel creneHn MpoSBISIOTCS MEXKIIHPOTHBIE pa3mnaus. [Ipu
3TOM OTHOCHTENBHO KOHIAa XX B. 3aMETHO YBEJIMYMBAETCS] PHCK ITOXKApOB B IOKHBIX U
CpemHMX IMHPOTax. B Oojiee BHICOKMX MIMPOTAX PETHOHBI C POCTOM IMOXKAPOOMACHOCTH
YEepENyIOTCA ¢ PETHOHAMH C YMEHBIIEHHEM PHCKA M0KapOB. 3aMETHO YBEIMUUBACTCS
WHJIEKC TI0KapOOoIacHOCTH B Oacceitne Bonru. B To ske BpeMs 3HaueHUs WHAEKCa ToXKa-
poomnacHOCTH Ha ceBepo-3anane Poccun k koHmy XXIB. B LIEJIOM YMEHBUIAKOTCS I10
CpaBHEHHIO ¢ cepequHoit XXI B.

AHaornuHbeId aHaNM3 ObLT TpoBeAeH s EBpormeiickoit Tepputopun Poccun
TaKKe MpU Ooliee «arpeccHBHOM» aHTponoreHHoM cuieHapud SRES-A2 u ans asuar-
ckoii Teppuropun Poccun (Moxos, UepHokynbckui, [lIkonpauk, 2006; Mokhov et al.,
2007). CormacHo pacderaM BBICOKHH YPOBEHH MOXKAPOOTACHOCTH JUISI COBPEMEHHOTO
KJIMMaTHUYECKOT0 peXUMa XapaKTEepEeH IJisl perMOHOB K BOCTOKY oT balikama. Moaenb-
HBIE OLIEHKH CBHJIETEILCTBYIOT O JAIbHEHIIIEM pocTe pUCKa MOXKapPOB B ATUX PErHOHAaX
B XXI B.

Ilonmy4yeHHbIe pe3ynbTaThl JOKA3bIBAKOT, YTO BO3MOXHbIE B X XI B. THIpOJIOTH-
YecKHe M3MEHEHUs CYIIECTBEHHO pPa3iMYaloTCs B Pa3HBIX perHoHax, YTO CBSA3aHO C
0O0JIBIION INUPOTHO-AOJATOTHON MPOTSKEHHOCTHI0 Poccnu. B ToM umcie kauecTBEHHO
pa3nInu4aroTCcsl TEHACHIMH U3MEHEHUS OCAJKOB M PEYHOIO CTOKA B CEBEPHBIX, OCOOCH-
HO CEBEpPO-BOCTOYHBIX, U B IOXKHBIX, B YACTHOCTH FOTO-3allaJHBIX, pernoHax Poccum.
[Ipu 3TOM rUIPOIOTHUECKNE U3MEHEHUS HEMMHEHHBIEC U CYIIIECTBEHHO 3aBUCST OT Ce-
30HOB, CKOPOCTHU 1 O0IIEro YpOBHS INI0OOAIBHOIO ¥ PETHOHAIBHOIO MTOTEIUICHUS.

Hannas pabota BwimonHeHa npu noanepxkke PODU, nporpamm PAH u Mu-
HOOpHayku (koHTpakT 02.515.11.5031), Hayunoii mporpammsel HATO (Collaborative
Linkage Grant 982423).

Summary

Regional changes in the hydrologic cycle, particularly precipitation and river
runoff, are determined using climate models as compared with the observation data.
Both general circulation climate models and a global climate model of intermediate
complexity are used under different anthropogenic scenarios for the 21* century. Spe-
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cial attention is given to the estimates of possible changes in the Volga, Ob, Yenisei
and Lena rivers basins. Different characteristics of precipitation, including their aver-
age and extreme values, intensity, and probability are analyzed. Peculiarities of model-
ling of river runoff change in permafrost regions are discussed. Climatic anomalies
such as droughts and fires are also analyzed using regional model calculations.
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Revealing Principle Factors and a Study of Climatic System Variability in
Regional and Global Scales

V.V. Penenko and E.A. Tsvetova

Institute of Computational Mathematics and Mathematical Geophysics
SB RAS
Pr. Lavrentyeva, 6, Novosibirsk 630090, Russia

IpencTaBieHsl pe3yabTaThl UCCIEIOBAHNS MHOTOJICTHUX PSAIOB JTaHHBIX, OIH-
CBHIBAIOIINX MOBEJCHNAE KIMMATHYECKON CHCTEMbI 3eMITH | e¢ YacTed. AHAIU3UpyeTcs
MIPOCTPAHCTBEHHO-BPEMEHHAsI TUHAMUKA TOJIeH Pa3IMUHBIX XapaKTEPUCTHK IUPKYJIS-
LUOHHON CHUCTEMBI aTMOC(EPBI: TEMIIEPATYPBI, T€OMOTEHINATa, KOMIIOHEHT CKOPOCTH
BETpa, COCTABIISIOMINX THAPOJIOTHYECKOTO IIUKIIA U JIP. KaK IS KaXJI0T0 SJIEMEHTa 110
OTACTBHOCTH, TaK U JJIS MX KoMOMHAIMU. J{i1st 9TuX 1enel paspaborana >¢pdexTrHBHAS
METOAMKa 00O0OLIEHHOTO KOJMYECTBEHHOTO MPEACTABICHHUS MOBEICHUS HENUHEHHOM
JMHAMUYECKON CHCTEMBI B (ha30BBIX MPOCTPAHCTBAaX. TEOPETHYECKYI0O OCHOBY METO-
JIMKHM COCTABJISIOT TPUHIIHITBI OPTOTOHAIBHON JIEKOMITO3UIIMA MHOTOMEPHBIX MHOTO-
KOMITOHCHTHBIX IoJiei B 0a3ax AaHHBIX. [lociemHre MOTYT OBITH MOMYYEHBI JHOOBIM
croco0oM: B pe3yJIbTaTe MaTeMaTHu4ecKoro MOAEIUPOBaHMs, 00pabOTKN pe3yIbTaTOB
MOHUTOPHHTA, YCBOCHUS JIAHHBIX W T.JI. AIMapaT BBIIEICHHUsS OPTOTOHAIBHBIX MO/I-
MIPOCTPAHCTB SIBJISIETCS yIOOHBIM MHCTPYMEHTOM JUIsl aHAJIM3a MOBEJCHUS KIUMAaTH-
4ecKoil cucteMbl. B yacTHOCTH, ¢ €ro mMOMOIIBbI0O MOXKHO BBIIENUTH LIEHTPHI IHCTBUS,
THITUYHBIE U SKCTPEMaJIbHBIE CUTYalMu. VI3 TOAIIPOCTPaHCTB MOKHO COCTAaBHTH Oa3uc
JUISL IOCTPOCHHUS IETEPMUHUPOBAHHO-CTOXACTHICCKHUX CIICHAPUEB JBOJIOIMHU MTOBEIE-
HUSL aTMoc(epbl KaK Hecylleil cpenbl MpH peleHuH 3a7ad IpUpOJI0OXPaHHOTO IMPO-
THO3MPOBAHUS, NMPOCKTUPOBAHMS, OLEHKH HSKOJOTHYECKHX PHUCKOB/YS3BUMOCTH pe-
THOHOB, ¥ B TOM YHCJIE JUIS OLICHKH BO3MOXXHBIX M3MEHEHUH THUAPOJIOTHYECKOTO pe-
KHMa B YCIIOBHAX M3MEHSIOIIETroCsI KIIMMaTa 1 aHTPOIIOTeHHBIX BO3ACHCTBHH.

KaroueBrle cnoBa: KiIMMaTHYeCcKas CUCTEMA, MOACIN U 0asml JAaHHBIX, OPTOTO-

HaJIbHBIC MMOAIIPOCTPAaHCTBA, IPUHIUITIHAJIbHBIC KOMIIOHEHTHI U T'JIaBHBIC (l)aKTopBI, ac-
TCPMUHUPOBAHHO-CTOXACTUYCCKUEC CLICHAPUN NTUHAMUKN aTMOC(i)epr.
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OcHOBHASI KOHIENMIUS

B cBs3M ¢ M3MEHSAIONMMICS KIMMATHYECKUMH yCIIOBHSIMHA B HACTOSIIEE BPEMSI
MIPOUCXOANT MOCTENIEHHOE CMEIEHNE HCCIEN0BaHUM B CTOPOHY ITOMCKA MapaMeTpoB,
HMEIOIUX KITI0YeBOe 3HaYeHHe U1 GYHKIMOHUPOBAHUS KIMMAaTUYECKOH CHCTEMBI U
ee JacTel, U N3y4YeHHs YyBCTBUTEIHHOCTH KOHKPETHBIX IMOKa3aTeNeld COCTOSHUS CHC-
TEMBI, B TOM YHCJIE U Ka4eCTBa NMPUPOAHON Cpelibl, K U3MEHEHUSIM 3THX MapaMeTpoB.
B cooTBeTcTBHUM C LENSAMH TaKHX HCCIEIOBAHUN Pa3BUBAIOTCS U (POPMYITHUPOBKH Ma-
TeMaTHYECKUX Mozeneil. Kpome MocTaHOBOK MpsAMBIX Ha4adbHO-KPAEBBIX 3a/1a4, B KO-
TOPBIX BBITIONHSETCS pacyeT PyHKIHA COCTOSHUS B BO3PACTAIONIEM BPEMEHH, CTABSIT-
Csl TaK)Ke pas3IMyHbIe OOpaTHBIC 3a]1auu, TO3BOJISIOIINE HAWTH HEU3BECTHBIE TapaMeT-
PBI WM YTOYHHUTB UX alIPHOPHBIE OLIEHKH, HCCIIE0BATh TyBCTBUTEIIBHOCT MOJIEIEH 1
(hyHKIIMOHAIOB K BapHalMsM BXOJHBIX JTAHHBIX U MCTOYHUKOB BO3MYIIEHHUH, MMOMpa-
BUTh HavaJlbHOE MPUOIMKEHHE C TEM, YTOOBI MOMYUYHTH JIyYIINe pe3ybTaThl IPH JTU-
arHOCTHKE W NMPOTHO3UPOBAHHMH H T.A. I 9TUX LeNel MpearatTcs ClelHalbHbIe
METOJIMKH, OJHAa M3 KOTOPBIX pa3pabareiBaeTcs B MHCTUTYTE BBIYMCIUTENHLHONW MarTe-
MaTuku U Mmarematudeckod reodpusuku CO PAH (Mapuyk, 1982; [lenenko, 1975,
1981, 2003). OHa ocHOBaHA Ha MPUMEHEHWU BapUALIMOHHBIX MPUHIMIIOB U TEOPHH
qyBCTBUTENbHOCTH. HeoOX0ANMBIMU 37IEMEHTaMH [T peaau3alii METOAUKH MPSIMO-
ro ¥ OO0paTHOTO MOJICIIMPOBAHUS SIBISIOTCS IIeJeBble (DYHKIIMOHATBI M JAaHHbIC Ha-
OMIOACHUM, KOTOpPBIE HCIOJB3YIOTCS KakK Ui YIYUIIEHHS Pe3yJbTaTOB C ITOMOIIBIO
YCBOEHUS AAHHBIX, TAK U JUISI OLICHKU Ka4eCTBa MOJIENEN U IIPOTHO30B. THIIBI JaHHBIX,
KOTOpBIE BCE B OOJBIIEM KONHYECTBE CTAHOBSTCA JOCTYIMHBIMH JJISl HICTIONb30BaHUS,
BEChbMa Pa3HOOOPa3HBI — OTO U CIIyTHUKOBBIE IaHHBIE, U JaHHBIE HA3€MHOTO 30HAUPO-
BaHUsI CO CTALlMOHAPHBIX M MEPEIBIKHBIX CUCTEM MOHUTOpHHTA. Pe3ynbTarsl Habmro-
JIEHU aKKyMyJIMpYIOTCs B 0a3ax JaHHBIX, 00BEM KOTOPBIX HEMpephIBHO pacteT. Ilo-
3TOMY IIpH paboTe ¢ JaHHBIMH 3aKOHOMEPHO TIOCTaBUTh B KaUeCTBE 1M U3BIICUCHHE
HaunOoJee conepKaTenbHOl YacTH HHQOpManu, KoTopasi Obl B TOCTATOYHON CTETICHH
XapakTepu30Baia HaOII0JaeMy 0 H3MEHUYNBOCTh IPUPOJHBIX IIPOLIECCOB.

C mHamed TOYKHM 3peHUs, 3Ty Iellb MOXHO JOCTHYh C MOMOIIBIO aJrOPUTMOB
OPTOTOHAJILHOH AEKOMITO3UIIMH, MO3BOJISIIOIICH BBIACTUTH M3 HAabopa JaHHBIX COBO-
KYIHOCTb OPTOTOHAJIBHBIX HOANPOCTPAHCTB, PAHXHMPOBAHHBIX 110 MacimuTabam BO3-
MyteHui. Vaest opToroHa bHBIX Pa3ioKeHUH HE HOBA. JTa WICOJIOTHS BO3HUKIIA BO
BTOpO# mojoBuHe XIX B. M B pa3inuyHbIX MOIU(PHUKANUIX TOSBISIIACH B IPUIOKECHH-
SIX MEXaHUKH, (PU3UKH, SKOHOMHUKH U T.J. (CM., HAIPUMEp, CIIMCOK JIUTEpaTypbl U 00-
30psl B MoHOrpadusax (Harman, 1976; Preisendorfer, 1988)). M3BecTHO MHOMXeECTBO
MIPUMEPOB HUCIOIB30BAaHUS 3TOTO MOAX0J]Ia B KIMMATOJIOTHH, METEOPOJIOTHH, OKEaHO-
noruu (Memepckast u ap., 1970; Preisendorfer, 1988).

BapuaHT anroputMa OpTOTOHAIBHBIX Pa3J0KEHUH, NMPEAJIOKEHHBIA HAMH, OT-
JMYaeTcsl OT TPAAUIIMOHHBIX MTOAXO00B TeM, YTO MPH padoTe ¢ 0a30il JAHHBIX YUUTHI-
BAIOTCS B3aMMOCBSI3H MEXKIy Pa3IMYHbBIMA KOMIIOHEHTaMU 3TOM 6a3bl C TOUKU 3pEHUs
MaTeMaTHYECKOM MOJEIH, KOTOpas HCIONB3YeTCsl A MHTEPIpETalvH MOBEACHUS
TUHAMHYECKOW CHUCTEMBI. 3/1eCh TpEAIoiaraeTcsa, 9To U (yHKIMOHAIbBHBIE MO U3
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0a3bl JaHHBIX, 1 MaTEMaTHIECKast MOJIENb MPEIICTABISIOT ONMCAHNE TIOBEICHHS OTHOM
M TOU K€ TMHAMHYECKOM CHUCTEMBI.

CTpykTypupoBaHue 6a3 JaHHBIX

MbI BBOJHMM CIIEHUATIBbHYIO CTPYKTYPHU3ALHMIO 0a3bl JaHHBIX B COOTBETCTBHHU C
OIPEACIICHUEM CKAIAPHBIX HpOI/ISBeJIeHI/Iﬁ, MOPOXKIAAEMBIX JHEPTCTUYCCKUMU Xapak-
TCPUCTUKAMU MaTeMaTHYeCKON MOACIN U COOTHOIICHUAMU TCOPUH UYBCTBUTCILHO-
cTU Uil QYHKIIMOHAJIOB, BRIPAKAIOIMX 000OIICHHBIE MOICIUPYEMBIC XapaKTePHCTH-
KH IIPOLIECCOB.

Habop BeKTOpOB 0003HAYNM CIEAYIONINM 00pa3oM:

{(p(x,t,Y)eQ(Dt);(x,t)e Dt;Y(x,t)eR(Dt)}, D
rae ¢ — ucciaexyemble pyHKIUM, Y — mapamerpsl Mojenei. [l opraHu3anuy auro-

PUTMOB 0a3y AaHHBIX YMOPSAOYMM B BHUIE MATPHUIBI OJIOYHOH CTPYKTYpPBI. AJNTOpHT-
MBI IMCIOT YHUBEPCAIBHBIA XapaKkTep, a WHANBUAYATBHOCTh KaXKJOH 3aJauu ompene-
JSeTCS CTPYKTYPOW MAaTpHUIlbl JaHHBIX W (OPMOH CKAISIPHBIX TpownsBeneHuil. Jlms
obecrieueHus] YPPEKTUBHOCTH PaOOTHl STHX AITOPUTMOB IEIeCO00pa3HO OJIIOYHYIO
CTPYKTYpy MaTpuisl (GOPMHPOBATh B 3aBUCUMOCTH OT KOHKPETHBIX IIeJel HCCIelo-
BaHMs. [yt onucanust GJIOKOB BBEEM JBE TPYIIBI HE3aBUCHMBIX NIEPEMEHHBIX — UH-
nekcos. llepBas rpymnma onuceIBaeT BHEMIHIO CTPYKTYPY JAHHBIX — YHCIO OJIOKOB U
UX TIOPSJIOK B 00mIel nepapxuu. Bropas rpymnmna onuceBacT HyMEpamuio  pacrioio-
KCHUE KOMITOHEHT BHYTpH Oioka. Takum 00pa3oM, BEKTOPHI MOXKHO HPEACTaBUTH B
OJIOYHOM BUJIE:

o={0,(k)}, o, (k)eRy, i=ln, n>1kek )
(n — gmucno GJIOKOB BO BHEUIHEH CTPYKType, K — MHOXKECTBO 3HAYCHUH MYJIbTHUH-
JEKCOB k KOMIIOHCHT BHYTPEHHEH CTPYKTYpPBI KaKAoTo Oyioka). O0Iee KOIu4ecTBO
SIIEMEHTOB BO BHYTpPCHHEH CTPyKType 0003HauuM uepe3 N . 31ech U B JajbHEHIeM
BCE onepanuu OyAeM MPOBOJUTH B BELIECTBCHHBIX BEKTOPHBIX MPOCTPAHCTBAX Ry,

R, uR, xR, C COOTBETCTBYIOIIMMH CKAJAPHBIMH IIPOU3BEACHUAMH.

Hampumep, ecam B kauecTBe 0a30BO MOJETH MCIOJIB30BATh MO THIPOIH-
HaAMHKHU aTMOCd)epLI B KBAa3HUCTAaTNYECKOM HpI/I6HI/I)KeHI/II/I COBMCCTHO C MOJCIISIMU IIC-
peHoca pasnnunbix cyocraniuit (Ilenenko, 1981; Ilenenko, Ligetosa, 1999), To 3Hep-
TeTHYEeCKOe CKAJISIpHOE MpOM3BeIeHNe sl (DYHKIUH COCTOSIHUS MOYKHO BBIOpaTh B
BUIC

(2.9),, = i {u +w 40, [ T +(7(p)/ R ) HH' |} dDdl +
+anj.ﬂi¢i¢);dDdta 3)
i=l p,
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rne @ =(u,v,T,H,p,, i=1,nf) — BeKkTOp-QYHKIMS HNEPEMEHHBIX COCTOSHHUSA, U, V —
TOPU3OHTAIBHBIE COCTABISIIOIINE BEKTOpa CKopocTH, I — Temmeparypa, H — reomo-
TEHOUAN, ¢, — (YHKUUH, OMUCHIBAIOIINE KOMIIOHEHTHI THAPOIOTUYECKOTO IUKIA H
KOHIIGHTpAIMK TIpUMeceil B ra30BOM M a’dpo30JbHOM COCTOSIHUSIX, #f — o0lIee Jucio
cyOcTaHIINH, R — YHHUBEpCAJIbHAsA ra3oBas IOCTOAHHAA, O,, y(p), f; — BECOBBIE

MHOKHTEJIH, BBIOPAHHBIE TAKAM 00pa3oM, YTOOBI MPH (@ =@ OINECPAIHH CIIOKEHHS
COCTaBJISIIOIINX C PA3HOPOJHBIMU KOMIIOHEHTaMHU (P)YHKIIMH COCTOSTHHUSI UMEJIH CMBICI.
Beenem TpaHcdopMaluIo MepeMeHHbIX cocTosHus Tuna Z, = C'/’@, , rae mar-

puna C BbIOMpaeTcs TakuM 00pa3oM, 4TOOBI KOMIIOHEHTHI HOBBIX BEKTOPOB HMMENTH
OJIMHAKOBBIE «(DU3NYECKUE» PA3MEPHOCTU U COXPAHSIUCH SHEPreTUYECKUE CBOMCTBA
1 Pa3MEpPHOCTH CKAJSIPHOTO IMpou3BeaeHus Tuma (3) 1 HopMbl. OKOHYATENBHO MpEJ-
cTaBUM 0a3y JaHHBIX JJIs pemieHust 3agadyd B Buge  (nx N)-marpuisl

Z = [Z,-]’ i=1n, THE N — YHCIO BEKTOPOB-CTOJIOIOB, IPUYEM KaXKIIbIii CTOIOEI CO-

JIEPKUT BCIO BHYTPEHHIOIO CTPYKTYPY C OOIIMM YHCIOM KOMITOHEHT N . BenmdauHb
n, N ¥ CTpyKTypa MHOXECTBa MYyJbTUUHACKCOB K SBIAIOTCS BXOAHBIMU MapaMeT-
pamu Ui CTPYKTYPHPOBaHHS 0a3bl JaHHBIX Z ¥ (HOPMHUPOBAHUS CKAISPHOTO MPOU3-
BEJICHUS.

Martpuily JaHHBIX Z MOKHO paccMaTpHUBaTh KaK COBOKYIHOCTb # BEKTOPOB-
CTOJIOLIOB pasMepHOCTH N U3 R, M Kak COBOKYIHOCTb N BEKTOPOB-CTPOK pa3mep-
HOCTH 7 M3 R, , IO3TOMY MOKHO HCIIOJIb30BaTh COOTBETCTBEHHO JBE MaTpHIlbl ['pa-
Ma: (n x n)-marpunty I =Z"7Z u (N x N)-marpuny M =ZZ" (Bepxuuit ungexc T
O3HaYyaeT OIIEpALIHIO TPAHCIIOHUPOBAHUA). YuursiBas, 4TO
r= rank(/") = rank (M) <min(n,N), 115 3PPEKTUBHOCTH AITOPUTMOB Bceraa Oynem
CTPYKTYpPUPOBATh UCXOAHYIO 06a3y MaHHBIX TaKUM 00pa3oM, YTOOBI BBHITIOJIHSIIOCH He-
paBeHCTBO 7 < N, W OpraHU30BBIBAaTh OCHOBHYIO CXEMY BBIUHCICHUH C (nxn)-
Matpuuei /. B 3ToM ciiydae 3HaueHME IapaMeTpa # MOXKET JUMUTUPOBATHCS TOJIb-
KO BO3MO>KHOCTSIMU TPOLIEAYD PELICHUs MOJTHON CIIEKTPaTbHOW MPOOIEMBI TSl CUM-
METPUYHON HEOTPHUIIATENHHO ompeneiaeHHou (nxn)-matpunbl /. PasmepHocts N
BEKTOPOB BHYTPEHHEH CTPYKTYPBI MOXKET OBITh CKOJIb YTOTHO OOJBILION.

Pe3ynpraroM JOEKOMMO3WIMU SBISIOTCA JBE COBOKYIHOCTHM OPTOTOHAJIBHBIX
MTOATIPOCTPAHCTB: MPUHITUITHAIEHBIE KOMIIOHEHTBI JUTS MTPEICTABICHUS BEKTOPOB 0a3bl
JaHHbIX Z B R, ¥ opToroHanbHbie 0asucHble BEKTOPs! ¥, , KOTOpBIC MOXKHO HHTEp-

NpETUPOBATh KaK C€CTCCTBCHHBIC HJIM OSMIIMPHUYCCKUC Q)yHKHI/II/I IJId OpeacTaBICHUSA
BEKTOPOB 0a3bl JaHHBIX Z B R, . Moaudukanuu airopuTMoB MOCTPOEHHSI COBOKYII-

HOCTEH OPTOTOHANBHBIX MOMPOCTPAHCTB JUIS Pa3IMYHbBIX MPHUIOKECHUI PUBEICHBI B
padotax (Ilenenko, 1981; Penenko, Tsvetova, 2006, 2007).
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HOCTpoeHl/le OPTOroHaJIbHBIX MOJANPOCTPAHCTB HA MpUMeEpe 0a3bl AaHHBIX peaHa/in3a

g mpuMeHeHns KIMMaTHIecKoi NH(OPMAIIUH B MEJSX IKOJOTHYECKOTO Mpo-
THO3UPOBAHUS MOAXOOUT Jro0ast 06a3a JaHHBIX, UMEIOMIasi B CBOEM COCTaBE XapakKTe-
PHUCTHKH 3a [UIMTEIBHBIN mepuoj. Mbl ucnons3yeMm 0a3y maHHBIX peananusa (Kalnay
et al., 1996), nmpeacTapisoNyr0 cO00¥ XOPOIIO CTPYKTYPUPOBAHHYIO HHGOPMAI[HOH-
HYIO CHCTEMY YHUBEPCAJILHOTO Ha3HAYCHHMsI, COJEPIKAIIYI0 OCHOBHOM Ha0Op XapakTe-
pucTtuk armocgepbl TI00aTbHON KIMMaTHUECKONH CUCTEMBI. B 4MCIEHHBIX 3KCrepH-
MEHTaX WCIOJIh30BaHbI JaHHBIE 3a 56 yetr: ¢ 1950-ro mo 2005-# r. Beibpannsrit Bpe-
MEHHOU HWHTCPBAJ NPEBLINIACT HpHH)ITI:IfI B KIIMMATOJIOTUYCCKUX OLCHKAX MEPHUOJ] OC-
pEeIHEHHS.

Hccnemyem MHOTONETHHI XOA TI00ABHOW KIMMAaTHYECKOH CHUCTEMEI C BBIJe-
JICHUEM T'OAUYHBIX U CE30HHBIX HpOHBHeHI/H‘/’I " AC€TaJIbHBIM IMPCACTABICHUEM pa3jiny-
HBIX 3JICMCHTOB HUPKYJIAIMOHHBIX CHUCTEM B HpOCTpaHCTBCHHO-BpeMeHHOP'I O6HaCTI/I
JEKOMIIO3MPOBAaHHO IO MacmTadaM BO3MYIIEHMH Ha YPOBHE OPTOTOHAIBHBIX MOJ-
MIPOCTPAHCTB.

C yuerom conepxaHusi 1eNeBbIX (YHKIMOHANOB CKAJISIPHBIX MPOU3BEACHUIA
tuna (3) na pacyera marpun [ 'pama mondupaercs: «pU3NIECKUiD» COCTaB KOMIIOHEHT.
J1a xapakTepucTUKH KaK0To dJeMeHTa 0a3bl qaHHbIX (1), (2) nMeem cempb mapamer-
POB: HOMED TroJla, HOMEP MecsIa, HOMEp IMOJIS JAHHBIX M0 (PU3UIECKOMY COAEPIKaHUIO
U YeThIpe MapaMeTpa NPOCTPAHCTBEHHO-BPEMEHHOTO MIPECTABICHHUS JaHHBIX B YEThI-
pexMepHoii rnobanbHO# obnactu D, Ha cdepe uian Ha ee yactu. IlepBeie qBa mapa-

METpa OMPEAEIAIOT BHENTHIOI CTPYKTYPY 0a3bl JaHHBIX M COOTBETCTBEHHO BEKTOPOB-
CTPOK B TIPE/ICTAaBICHUU €€ B BUAE MAaTpUIbl Z , a OCTaIbHBIC ISATh — BHYTPEHHIOO
CTPYKTYypy. B kadecTBe BenyIell nepeMeHHON BHEITHEW CTPYKTYpPHI 3a7audl 3a1aJuM
Homep roaa. B repmunax (2) ato unaekc-napamerp i =1n. Homep mecsmna 3agaaum
KakK BXOJIHOM mapaMeTp ajiropurMa.

Oo6mas cTpykrypa paboueii 0a3bl maHHBIX (TOH, ¢ KOTOPOW MPOBOJSATCS YHC-
JICHHBIE KCIIEPUMEHTHI) U NCKOMBIX 0a3MCHBIX MOJMPOCTPAHCTB OPraHU3yeTcs ¢ yue-
TOM MHOTOJIETHETO TOJOBOTO, CE30HHOTO M CYTOYHOTO X0jia mporeccos. s ydera
CE30HHOTO X0J1a McxoaHas 06aza pa3OuBaercs Ha 12 yacteld (M0 YUCHy KaJeHIApHBIX
MecsieB). ['010BOI U CyTOUHBIH X0l ONHMCHIBAIOTCS IBYMSI BPEMEHHBIMHU LIKAJIAMH:
BHEIIHEH — B I1100aJIbHOM BpEMEHH, 00LIel MPOAOIIKUTENLHOCTBIO 11 = 56 JIeT ¢ Auc-
KPETHOCTBIO 1 TOZ ¥ BHYTPEHHEH — MPOAOIKUTEIBHOCTBIO | MecsI] ¢ AUCKPETHOCTBIO,
3a/laBaeMoll TapaMEeTPUYECKH B 3aBHUCHMOCTH OT BO3MOXKHOCTEH 0a3pl AaHHBIX. B
JaHHOW paboTe mpuHsTa 12-4acoBas AUCKPETHOCTh. TakuM oOpa3om, monyuaercst 12
Ha00pOB (PaKTOPHBIX MPOCTPAHCTB (IO YUCITy MECSLEB B TOAY); A KaXKA0T0 Mecsd-
HOTO Habopa CTPOUTCS 0a3MCHBIA KOMILUIEKT, COCTOSIINA U3 56 OPTOTOHAIBHBIX dJIe-
MEHTOB-TIOITPOCTPAHCTB (TI0 YUCITY JIET).

Paccmotpum npuMmep aHanmu3a MoBeIEHUS KIMMAaTHYECKOW CHCTEMBI 3a 56 jeT
(1950-2005 rr.). Ha pucyHke mpeacraBieH oquH u3 62-x (pparMeHTOB MO BpEeMEHHU
nepBoro (JIMAUPYIOIIETO) STHBAPCKOTO 0A3UCHOTO BEKTOPA, OTBEYAIOIIETO MOJISIM T'e0-
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MOTEHI[MAaIa Ha ypoBHe, cooTBeTcTByromeM naieHuto 500 rlla. Ilo ocu opaunat
IOxnOoMy momtocy cootBercTByeT 0°, a CeBeprHomy — 180°. Ilo ocu aGcruce otcuu-
TBIBA€TCS TONTOTA OT I prHBHUCKOTO MepuauaHa. MTHPOpMaTHBHOCTH 3TOTO Oa3nuCHO-
ro BEeKTOpa cocTaBisieT 26,34 % B nomsax ciena MaTpuils! [ pama juist BCeil COBOKYITHO-
cTH JaHHBIX. KiIMMaTH4eCcKH 3HaYUMBIMH, T.€. OTBEUAIOIUMU COOCTBEHHLIM 3HAUYECHH-
siM Oonbie 1, sBnstores 12 BekTopoB U3 56. Ha pucyHke XOpouio BUIHBI TUIHYHBIE
OUPKYJSIIUOHHBIE CTPYKTYPBI, XapaKTepU3yIOMIHe IEeHTPHl ACWCTBUS TII00aTBHON
KJINMaTUYECKON CUCTeMBl. B TeueHne Mecsia JuaAupyroliee MmoAnpOCTPaHCTBO UMEET
KBa3UCTALIMOHAPHBIA XapaKTep, T.€. OCHOBHBIC LUPKYJSIMOHHBIE CTPYKTYPBI JOCTa-

TOYHO yCToﬁano JIOKAJIM3YHOTCS B IPOCTPAHCTBE.
January 15

Level 1 3 5 7 9 11 13 15 17 19 21
value: -0.85 -0.71 -0.56 -0.42 -0.28 -0.13 0.01 0.16 0.30 0.45 0.59

Longitude

Puc. 1. ®parMenT JIMaANpPYOMIET0 OPTOTOHATIBHOTO HOATIPOCTPAHCTBA IS COBOKYITHOCTH
SITHBapCKUX NoJiel reomoTennnana 3a 1950-2005 rr. (yposens 500 rlla, 15 saBaps)

C 1nOMOIIBI0 OPTOTOHAJBHBIX MOANPOCTPAHCTB 3((HEKTUBHO PEIIAIOTCS Clie-
IOyIOUIME 33/1a4H: MAJIOKOMIIOHEHTHOE TIPE/ICTaBlICHHE UCXOJHON COBOKYITHOCTH BEK-
TOPOB C 3aJJaHHON CTENEHBIO0 MH()OPMATHBHOCTH; BBIJICIICHUE IIEHTPOB ACHCTBUS KIIU-
MaTHYECKOU CHUCTCEMBI, I/IJICHTI/I(bI/IKaIH/ISI HUX IMPOCTPAHCTBECHHOI'O PACIIOJIOXCHUA U
HU3YUCHUEC UX M3MCHYUBOCTHU,; TUIIU3ALUA MHOTOJICTHEH JUHAMHUKHU I/ICCJ'ICI[yeMOI\/'I CHC-
TEMBI B COOTBETCTBHH C MHTEHCHBHOCTBIO (PAKTOPHBIX HATPY30K OTHOCHTENBHO IMOJI-
MHOJKECTBA JTUAUPYIOMUX 0a3UCHBIX BEKTOPOB; (OPMHUpPOBaHNE MHPOPMATHBHEIX 0a-
30BBIX IMOAIIPOCTPAHCTB IJIA OpraHu3anvu JCTCPMUHUPOBAHHO-CTOXAaCTUYCCKUX CIC-
HapueB Ha 6asze Mozesel THAPOJUHAMUKY U IIepeHoca IpUMeceH.
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3aMeTKH 0 BO3MOKHBIX IKOJIOIrHYEeCKHX MOCJaCACTBUAX TNAPOJOTHICCKUX H3MEHEeHUH B
Cubupu

B kadecTBe 3aKIIOYMTENBHBIX 3aMedaHUM MMpUBEACM HEKOTOPHIC BBIBOAbLI, IIO-
JYy4YEHHBIE B PpE3yJbTAaTE HCCICIOBAHUH, BBINOIHEHHBIX IO MPOrpaMMe H3y4eHHUs
KJIMMAaTO-3KOJIOTHYecKuX ycinoBui CuOupu. B uyacTHOCTH, B MEXAMCHUIIIMHAPHOM
npoekre CO PAH, nocesimennoM m3ydeHnto bompiroro Bacrorarnckoro 6oiorta, Mbl
MPUIUIA K 3aKIIOYEHUIO O BO3MOXHOCTH BO3HMKHOBEHMSI B MPU3EMHOM CJIO€ aTMO-
cdepbl IKOJIOTMYECKH HEOJIaronpUsaTHBIX CUTyallui B pe3yJbTaTe YBEIUYECHUS 3MUC-
cun metana (Ilenenko, BeroBa, 2002). YBenndenne sMucCUM METaHa ABISETCS pe-
aK]_[I/ICI‘/'I OOJIOTHBIX CHUCTEM Ha MOBBIIIEHUE TEMIICPATYPHI. I/I3BGCTHO, YTO ITOBBIIICHUEC
TEMIIepaTypbl Ha OJAWH Tpagyc NPUBOIUT K yBenuueHHo smuccud Ha 10 % (Bazhin,
1993). B pesynbTare neiicTBHS MEXaHHU3MOB TpaHC(OpPMAIMH B IIETIOYKE IpeBparle-
HUM MOSBJIISIIOTCS MPOAYKTEI HETIOJITHOT'O OKHCJICHUA METAaHA, TAKUC KaK YT ale)Iﬁ ras,
(dopmanbaerua, MeTaHoJ, METUIIEPEKHCh, MypaBbuHast kucioTa u ap. (Ilenenko, Amno-
stH, 1985). B mpuCyTCTBUM OKHCIIOB a30Ta 00pa3yIOTCs METHITHUTPAT, METHIITIEPOKCH-
HUTpAT U JIpyrue a30TCoJAeprKallue NpOU3BOJHbIE MeTaHa. [IpakTHuuecku Bce 3TH Be-
mIeCTBa ABJIAKOTCA TOKCUYHBIMHU. ITosiBnenue B BO34YX€E MPOMBIIIIJICHHBIX paﬁOHOB Ta-
KHX BEIECTB, HE XapaKTEePHBIX IS YUCTOW aTMOC(ephl, MOKET CIIOCOOCTBOBAThH BO3-
HUKHOBCHHIO CMOra M CO3/1aBaThb CUTyalluu C MOBBINNIEHHON AKOJIOTMYECKOM OIacHO-
CTBIO B pETHOHE.

Taxum 06pa3oM, UCTIONB3YsI Pe3yIbTaThl OPTOTOHAIBEHON AEKOMIIO3UIMH, MOXK-
HO ILIeJIeHANpaBICHHO (OPMHUPOBATH CLICHAPUHU IO 3aJaHHBIM KPUTEPHSIM Ul pelie-
HUA OUArHOCTHYCCKUX U NPOTHOCTHYCCKHUX 3alad U OCYHICCTBIIATH Ka4eCTBEHHBIN U
KOJIMUYECTBEHHBIHN aHAIN3 MOBEACHHS CI0XKHBIX JUHAMUYECKUX CUCTEM.

IIpencraBneHHBI UK WCCIICIOBAaHUI BBITIONHsETCS 1o IIporpamme ¢yHma-
MeHTanbHBIX uccnenoBannii CO PAH u nognepxkan [Iporpammamvu ¢hyHIamMeHTalb-
HbIx uccaenoBanuit Ne 16 Ilpesunuyma PAH u Ne 3 Otaenenus MaTeMaTUYeCKUX Ha-
yk PAH, npoektom PO®U 07-05-00673 u xonTpaktom EBpomneiickoii Komuccuun
Ne 013427.

Summary

The results of investigations into long-term series of data describing the behav-
ior of the global climate system and its parts are presented. Space-time dynamics for
fields of different characteristics of atmospheric circulation is analyzed, including
temperature, geopotential, wind velocity components, hydrology cycle elements, for
each element separately and for element combinations. For these purposes, an effec-
tive procedure is developed for generalized quantification of the behavior of nonlinear
dynamic system in phase spaces. The theory of the procedure is based on principles of
orthogonal decomposition of multi-component multi-dimensional fields in data bases
that can be obtained by all means: in mathematical modelling, during the analysis of
monitoring results and data assimilation, etc.
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In the report the Reanalysis data base of NCEP/NCAR for 1950-2005 is taken
as an example. Decomposition is carried out in such a way that the sets of orthogonal
subspaces are formed by given informativity criterion. The subspaces are ranged with
respect to the scales of perturbations from global one to "weather noises". The quanti-
tative characteristics of informativeness of subspaces and scales of processes are ei-
genvalues of Gram matrix. The matrix is constructed on the vectors of input data base
under given structure of the inner product in the space of the analyzed set of state
functions. The elements of orthogonal decomposition like principle factors and main
components corresponding their eigenvalues, are considered as measures of temporal
and spatial variability.

The procedure of producing the orthogonal subspaces is convenient for the
analysis of the climate system behavior. In particular, activity centers, typical and ex-
treme situations can be found by this procedure. Subspaces can form the basis for the
construction of deterministic-stochastic evolution scenarios of behavior of the atmos-
phere as a carrying medium in solving problems of environmental prognosis, design,
estimation of ecological risk/vulnerability of regions, including estimation of possible
changes in hydrology regime under conditions of changing climate and man-made in-
fluence.

In conclusion we report on possible consequences of temperature and hydrology
changes under specific Siberian conditions. The fact is that the wetlands cover the vast
territory of Siberian region. Increasing methane emission due to temperature changes
may put not only as "greenhouse" gas in climate change but also in deterioration of the
atmosphere in ecological sense even within short time periods.
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[IpuBeneHsl pe3ynbTaThl ONpeeieHHs KOJUUYECTBEHHBIX XapaKTEPUCTHK IMPH-
POIHBIX LIUKJIOB U UX CBSI3U C ITIOMOILBIO0 METO/I0B HAUMEHBIINX KBAaAPAaTOB U TIIaBHBIX
KOMIIOHEHT Ha IIpUMepe BOIHBIX MAJIEOPEKUMOB BOJOPA3AEIbHOrO 00I0Ta U KIUMaTa
roJioleHa 1oro-Bocroka 3amagaoii Cubupu u naneoypoBHeil Kacnmiickoro mopsa. Ha
TUIIOBOM CIIEKTPE BOCHMH HCCIIEyEMbIX TaPaMETPOB BBISBICHBI ITUKIIBI C MAKCHMY-
mamu oxoio 3150, 2250, 1700, 1350, 1000, 870 u 770 net. YcTaHOBIEHHBIE CYIIECT-
BEHHBIE KOPPEISIHOHHBIE 3aBUCUMOCTH CIIEKTPOB BCEX MapaMeTPOB C TUTIOBBIM CIIEK-
tpoM (0,76-0,96) cBUAETENBCTBYIOT O CHHXPOHHOCTH M3MEHEHUH BOIHBIX PEKUMOB
JBYX HPUPOIHBIX OOBEKTOB I'YMHUAHOW 30HBI EBpazuu B ronoreHe, HECMOTPS Ha UX
yAAIEHHOCTb, 1 00 OIpEEIIIOIIEM BIMSHAN Ha HUX KJIMMATa.

KitoueBsie crioBa: IUKITBL, BOJHBIN maneopexnM, Kacmmii, 60710T0, KITUMAT TO-
noueHa, 3amaaHas Cubups, Boctounas EBporma.

BBenenne

UKIHYHOCTH SIBISETCS HEOTHEMJIEMBIM CBOMCTBOM BCEX MPUPOIHBIX MpPOLIEC-
coB. KauecTBeHHbBIE IPOTHO3bI U3MEHEHUS BOJHBIX PEKUMOB 0OJIOT U BHYTPUMATEPH-
KOBBIX MOpPEW W 03€p BO3MOXXHBI JIUIIb C YUETOM PUTMHUKUA KIMMATUUYECKUX U3MEHE-
HUH, a TaKKE PETHOHATBHBIX M 30HAJBHBIX OCOOCHHOCTEH OTKIMKA Ha HuX. OmHAKO
BOIIPOCHI O CMHXPOHHOCTH KJIMMAaTUYECKUX M3MEHEHUI B pa3iIuM4HBIX pernoHax [o-
JIAPKTUKH W O BIMSIHUH X HA BOJHBIC PEKUMBI BHYTPUMATEPUKOBEIX JIAHIIIIAPTOB 10
HACTOSAIIETO BPEMEHU OCTAIOTCS OTKPHITHIMU. HemocTarouHo pa3paboTaHbl B METOIBI
OlpeAeIeHns KOJIMYECTBEHHBIX XapaKTEPUCTUK LUKJIOB U YCTAHOBJIIEHUS CBA3U MEXK-
J1y [UKJIaMU Pa3In4HbIX IIPOLIECCOB.
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Lenp paboThl — BBISBUTH CBS3b MEXJY TOJIONIEHOBBIMU IUKJIAMH BOJHOTO pe-
)KUMa OOJIOT U KiiUMarta FKHOH Taiiru 3amagHolt CuOMpH M BHYTPEHHHMX MOpEH Ha
npumepe Kacnus.

O0BbeKTHI HCeTeI0BAHUSA

st BeIONTHEHUsT pabOTHl OBUIM NPUBIIEYECHBI MOCIOWHBIE MHTETPUPOBAHHBIE
XapaKTePUCTUKU BOJHOTO MAJIEOPEKUMa ONUTOTpodHOH Tomm MkcuHCckoro Gojora
Bo3pactoM 7370 ner (roxHas Taiira 3amamgHoit CuOMpHW), peKOHCTPYMPOBAHHBIE II0
JMAHHBIM JTeTaTbHBIX KOMIDIEKCHBIX uccnenoBanmii (MMKOC CO PAH), a umenHo:
MHJICKC BJIQXKHOCTH, PACCUMTAHHBIA TIO0 OOTaHMuYeckoMy coctaBy Topda (Emmna, FOp-
KoBcKad, 1992), ynenpHas Macca U CKOPOCTh aKKyMYJISIIIUH OPTraHWYECKOTO BEIIECTBa
topda; a Taxke ypoBHH Kacrnust B romonene (JlaBpymma un ap., 2001) u xapakrepu-
CTHKH TaJCOKIMMaTa roJIOIICHA I0ro-BocToka 3amnanHoi Cubupu (OTKIIOHEHHUS OT CO-
BpemeHHbIX) (bmaxapuyk, 1989), Bximrouaromnie TeMnepaTypsl SHBapsl U UIOJS, Cpe-
HETOJIOBBIE TEMIIEPATypPhl M CyMMBI TOAOBBIX 0cagKoB (puc. 1).
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200 A

150 A

[

(=3

(=]
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%
=]
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2 (g/dm3), 3 (g/m2 yr)
5 (mm), 6 (m)

-100 Jears 4

Puc. 1. I3MeHeHne HHTErpHUPOBAHHBIX IIOKa3aTeNlel BOJHOTO maneopexnma Mkcinackoro
OosoTa, KITMMaTa I0ro-BocToka 3anaaHoi Cudupu u yposHs Kacrniickoro Mopsi B ToJIOlEHE:
1 — HHZIEKC BIAKHOCTH; 2 — yenbHas Macca Topda (I/aM°); 3 — CKOpOCTh aKKyMYJISIIHH
opraHmdeckoro Bemecta Topda (r/m” rox); 4 — OTKIOHEHHs CPEIHEr0I0BOI TEMITEpPaTyphl
ot coBpeMeHHOM (°C); 5 — OTKIIOHEHHSI CyMMBI TOJJOBBIX OCaIKOB OT COBPEMEHHOH (MM);

6 — ypoBHu Kacrust (M)

MeTtoabl HccIeI0BaHHAS

7151 BBIABIIEHUS KOJIMYECTBEHHBIX XapaKTEPUCTUK LIUKIIOB HCHOJB3YIOTCS Me-
TOJIbI, OCHOBaHHBIE Ha TpeoOpa3oBannu Dypre. OJHO U3 JOCTOMHCTB ATHX METOJOB —
HEKOPPEIUPYEMOCTh TTOJIYICHHBIX TapMOHUK MEXIYy COOOH, HEIOCTATKH — 3aBHUCH-
MOCTB IEPUOJA TAPMOHUKH OT JJIMHBI BPEMEHHOTO Psiia, BBICOKAs! BEPOSATHOCTH IOTE-
P HEKOTOPHIX ITUKJIOB, 0OCOOEHHO BHYTPH HA3KOYACTOTHOTO JHMAIa3oHa.
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Jlis BBISIBIGHUS TIPUPOAHBIX ITUKJIOB HAMH TpPEJIaraeTcs UCIOIbh30BaTh MO/I-
XOJl, OCHOBaHHBI Ha METOJle HaWMEHBIIHNX KBajpaToB. CYIIHOCTh METO/Ia — B arl-
MIPOKCUMAITAN BPEMEHHOTO ps/ia TAPMOHMYCCKUME (DYHKIFSIMHU ¢ 3aJaHHBIM TIEPHO-
JIOM.

F (1) :asin[a)(t—l)]+bcos[a)(t—l)], (1)
rne F,(f) — anmpokcuMupyromas rapMmoHudeckas QyHKOMs; a, b — cocTaBisIoNHe
aMIUTATY Bl TAPMOHUYIECKOTO KOJIeOaHUs ¢ KPYTOBOM YacTOTOU @; ¢ — BpEMSI.

KpyroBas gactota cOOTHOCHTCS C MEPHOAOM TrapMoHuueckoro xoiebanus (7)
kak T =1/w . [Ing onpeneneHus aMILIUTY bl TAPMOHHYECKOTO KOJICOAHUS UCIIONb3Y-

€TCs BEIpAJXKEHUE 4 = W .
2 n T 2 n T
=25 7sin Z(i-1) b=="T cosl Z(i-1 @)
a n;,sm[6(z )}, b n;lco{6(l )},

HHSI BBIABJICHUA 3aBUCHUMOCTHU aMIUIUTYJblI OT IIPOAOJDKUTCIIBHOCTH II€proaa
konebanuit T =T T crtpoutca BpeMeHHOUN psix A(T). T ,T. ~ — HWKHAA U

min?*°*>~ max min > * max
BEPXHsAA IPAaHULBI TPOJODKUTENBHOCTH NEPHOJia, KOTOPBIE 3a/1at0TCS TPOU3BOJIBHO, B
3aBHCHMOCTH OT 3a7aud. B manHOW pabore mepuon 3amaBaincs B uHTepBaie oT 40 10
7370 et ¢ marom 10 mer.
st KaXK0r0 U3 BHIOPAHHBIX MTApaMeTPOB OBbLT MMOCTPOEH CHEKTP, OTPAKAIOIINI
3aBHCHUMOCTb aMIUIMTY.bl KOJeOaHUH TapMOHUKY C 3aJaHHBIM IEPHOJOM OT IPOJOI-
JKUTETBPHOCTH Tieproa. Ha puc. 2 s mpumepa MpuBeIeH OJUH U3 CIIEKTPOB.

40

35 A
30 A
25 4
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0 2000 4000 6000 8000 10000
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Puc. 2. 3aBucuMoCTs aMIDIATY Bl KOJIEOAHUST OTKIIOHEHHH TOI0BOM CYMMBI TIAJIEO0CATKOB OT
COBPEMEHHOH OT MPOIOKUTENBHOCTH MEPUOJIa

U3 puc. 2 cnenyer Hamuuue TPpeX CHEKTPaTbHBIX AWANa30HOB: HU3KO-, CPEIHE-
1 BBICOKOYACTOTHOro. Hu3kouacToTHas cocraBisiromas KouebaHuil HauuHaeTCsl C Te-
puona B 4150 met m gocturaer mMakcumyma B 6500 et mpu ammmuTyae KojieOaHun
34 MMm. B cpenHedacTOTHOM JMama3oHE BBIAEISIOTCS JBa IMKIA C JUAra30HAMU
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3000-4150 u 1580-3000 ner ¢ makcumyMamu B 3500 u 2500 neT u aMIIMTy1aMU KO-
nebanuii 13 1 22 MM. AMITIUTYIBI TADMOHHK BBICOKOYACTOTHOW COCTaBISIONIEH B 2 1
0oJiee pa3 MEHbIIIE CPETHEIACTOTHOM.

Jnst BBISBIGHUS  MPOCTPAHCTBEHHO-BPEMEHHOH  OOLIHOCTH  CIIEKTPOB
BbIOpPaHHBIX ITAPaMETPOB HAMU MCIOJIB30BAICA METO[ IJIaBHBIX KOMIOHEHT, KOTOPBIH
TIpEeATIoaraeT MoIyIeHIE TNHEHHBIX KOMOMHAITII 3HAYCHIH COCTABIISIONINX

Yi=2a,T, Y,=3a, 3)
j=1 j=1

rae Yi,...,Y, — TIaBHbIC KOMIOHCHTBL; @ ;,..., 0 ; — COOCTBEHHBIE BEKTOPBI; j — HOMEP

nmapaMerpa; k — HOMep TJIaBHON KOMITOHEHTHl. B BeIpakeHuu (3) omymieH HHIEKC,
0003HaYaONINIf HOMEp peaT3aliH.

O6paTHI>II\/'I NepexoJ OT IIaBHBIX KOMIIOHCHT K HCXOAHBIM BPCMCHHBLIM pAdaM
OCYILECTBIISIETCS TaK:

P p
L=T+Yate T,=T+Xa,k @
k=1 k=1
A€ p — YUCJO I'NTaBHBIX KOMIIOHEHT, k— HOMEDP TJIaBHOW KOMITOHEHTEL.
CB513I) MEXKAY BPEMCHHBIMU psiaMU U I'NTaBHBIMU KOMIIOHEHTAMHM ONIPCALCIIAIacCh

pacdeToM KO3 GUIIUCHTa KOPPEIISAILIUY 110 (hopMyJie:

corr(T;, %) =[ a; V(%) J107 (5)
rne V() - COOCTBEHHOE YHUCIO k-H TJIABHOM KOMIIOHEHTEHI, ajz. — JUCIIepcus

COCTAaBJIAIOIICH BPEMEHHOTO Psijia apaMeTpa Ha j-M 00BbEKTe.

Conpsi:KeHHOCTh HccledyeMbIX TapaMeTpoB

Hcnonb3ysi KOMIIOHEHTHBIN aHanu3, ObUTa BBISIBIEHA CBS3b MEXIy CIIEKTPaMHU
BBIOpPaHHBIX MTAPAMETPOB U MOJTyUCHBI IB€ KOMIIOHEHTHI TUTIOBOTO CIIEKTPa, UMEIOIIIE
o0Iue 4epThl BCEX BOCBMHU MapameTpoB (puc. 3), a Taxke KOdQPHULUUEHTH MPOIop-
IIMOHAIILHOCTU (COOCTBEHHBIE BEKTOPHI ¢, ¢,) ¥ KOJIMYECTBEHHAs XapaKTepPUCTHKA

CBSI3U MEKIY THITOBBIM CIIEKTPOM M (DAKTHUECKHUMHU CIIEKTPAMK BHIOPAHHBIX TTapaMeT-
poB (k03 dHIMEHTHI KOppeNnsuun R, , R, ) (cM. Tabauiy).

N3 puc. 3 BUAHO, YTO KaK HWKHHE I'PAHULBI HU3KOYACTOTHOM COCTaBJISIOLIECH
JIByX KOMIIOHEHT THUIOBBIX cIeKTpoB (1-1 kommoneHTa — 3650 net, 2-9 — 3600 ner),
TaKk ¥ BEPXHHE I'PaHMLBI UX BBICOKOYACTOTHOW cocTaBisomieil (1-1 KoMIOHEeHTa —
1500 met, 2-1 — 1570 ner) mpakTUdecku coBmanaroT. [IpakTndecku coBmagaroT U rpa-
HUIIBI CPETHEYACTOTHON 00IacTH.

B cpenneuacToTHOM Amama3zoHe MOXHO BhIAECTUTH Tpu mukia: 1 — 1500-1900
ner (¢ makcumyMom okoio 1700 set), 2 — 1900-2600 (2250), 3 — 2600-3650 (3150).
Bricoko4yacToTHas 4acTe crieKTpa HadunHaeTcs ¢ mepuoga B 1500 jer u cocrout u3
MHOECTBA MEIKUX NUKIOB. Cpe/ii HUX BBIAEISIOTCS IUKIIBI ¢ MAKCUMYyMaMHU U TIPO-
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JIOJDKUTENIFHOCTRIO cooTBeTcTBeHHO: 1350 1 420; 1000 u 140; 870 u 120; 770 net n
130 mer.

— First component

——Second component

Value of component (mm

-40 T T T T T T T
0 1000 2000 3000 4000 5000 6000 7000 8000
Duration of period (year)

Puc. 3. IlepBas 1 BTopasi KOMIIOHEHTHI TUIIOBOT'O CIIeKTpa il Auana3ona 407370 et

Ha puc. 4 npuBeieHa BRICOKOYACTOTHAS YacTh CIEKTpa JUIsl 00JIee TOYHOHN U MOJI-
pOOHOI AeTaTU3aIIHH.

W3 tabmuirer BUIHO, YTO TIepBasi KOMITOHeHTa onuckiBaeT 81 %, a BTopast — 14,6 %
CYMMapHOHU JHMCIIEPCHH, T.€. BMeCTe OOBIACHAIOT 95,6 % M3MEHYMBOCTH, YTO MO3BOJIS-
€T C BBICOKOW TOYHOCTHIO BOCCTAaHOBHTH (haKTHUUECKHE CIIEKTPHI BHIOpAHHBIX ITapa-
METpPOB. YUHTHIBas BEAYIIYIO POJIb MIEPBOA KOMITOHEHTHI (KO3 PUIIMEHT KOPpEISIInn
MEPBOM KOMITOHEHTHI CHEKTpa M (haKTUUYECKHX CIIEKTPOB KOJICOJIETCS B HHTEPBAJIC
0,76-0,96), BTOpOIf KOMITOHEHTOW MOXHO MTPEHEOPEYD.

— First component

——Second component

Value of component (mm

-35 T T T T

0 300 600 900 1200 1500
Duration of period (year)

Puc. 4. IlepBas 1 BTopasi KOMIIOHEHTHI TUIIOBOT'O CIIeKTpa i Auana3ona 40—1500 net
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Tabn. 1. XapakTepucTuKn CBSI3HOCTH THIIOBOTO CIIEKTpa C (PaKTUYECKHMH CIEKTPaMH BBI-
OpaHHBIX TapaMEeTPOB

IlepBas Bropas
[Mapamerp KOMIIOHEHTa KOMITOHEHTA
o R, o R,
Hnpexc BIaXHOCTH 0,421 0,93 0,362 0,34
Y nenpHast Macca Topda 0,473 0,81 -0,78 -0,57
CKOpOCTh  aKKyMYJISALMH  Op- 0.455 0.96 0.304 027
raHUYECKOT0 BellecTBa Topda
Yposens Kacnust 0,06 0,76 0,086 0,46
Temneparypa B AHBape, OT- 0018 0.91 0,002 0,05
KJIOHEHHUE OT COBPEMEHHOM
Temneparypa B mone,v OTKJIO- 0016 0,94 0,004 0,11
HEHHE OT COBPEMEHHON
CpenneroyoBas TeMIeparypa, 0.017 0.92 0,003 0,06
OTKJIOHEHHE OT COBPEMEHHON
CyMMa TroJI0BBIX 0CaIKoB, OT- 0.458 0.91 017 0,14
KJIOHEHHE OT COBPEMEHHOMN
Co0OctBenHoe 3Hauenue (%) 81,0 14,6

Hanmenee TecHast cBsi3b BBISBIEHAa MEXIY NEPBOW KOMIIOHEHTOW THIIOBOTO
CIIEKTpa U CHEKTpaMH BpPEMEHHBIX pAnoB mnaneoypoBHeil Kacnowuiickoro mops
(R, =0,76) n ynenpHOI Macchl OpraHM4eckoro BemecTBa Topha MxcuHckoro 6o1oTa
(R, =10,81). D10 0OBACHSIETCS TEM, UTO 3TH CIIEKTPHI COAEPKAT CBOMCTBA KaK MEPBOH,
TaK U BTOPOX KOMIOHEHT. OJTHAKO M OHA JOCTATOYHO TeCHasl, 4TOOBI yTBEPXKIAAaTh 00
WX BBICOKOM CXOZCTBE. B TO e Bpems Al 3THUX JIByX MapaMeTPOB BISIBIIEHUE TPAHHUIL
LUKJIOB BHYTPHU CpeHE- U BBICOKOYACTOTHOTO IMara30Ha SBISETCS MPOOIeMaTHIHbIM
B CBSI3U C OIIMOKAaMH, BO3HUKAIOIIUMH MPU PETPOCIEKTUBHOM BOCCTAHOBJIEHHH Bpe-
MEHHBIX PSIJIOB.

YcraHoBIEHA TECHAs CBS3b MEXAY NEPBOW KOMIIOHEHTOW TUIIOBOTO CIIEKTPa U
CIEKTpaMH BPEMEHHBIX pSJIOB MaJCOKIMMATHYECKHX IapaMeTpoB TOJIOIEHA IOro-
BocToka 3amanHoit Cubupu (R; = 0,91-0,94), nnaexca snaxknoctu (R, = 0,93) u cko-
POCTH  aKKyMYJSIIIMM ~OpraHudeckoro BemiectBa Ttopda MkcuHckoro Oomora
(R, =0,96). BrisiBnenue ponu Temrneparypbl 1 0CaJKOB B U3MEHEHUH XapaKTEPUCTHK
BOJIHOTO Majneopekuma 00510Ta MOKa3ajio CyIECTBOBAHUE COBMECTHOTO IIMKJIA C MaK-
cumymom 1700 ner.

OcHOBHBIE BbIBO/IbI

W3MeHeHns1 mapaMeTpoB CHCTEMBI «BOJHBIC PEXHUMBI OOJIOT U BHYTPUMATEPH-
KOBBIX MOpEH — KJIMMaT» MPOMCXO/AT MPAKTUYCCKH CHHXPOHHO. M3MeHeHue Kiuma-
TUYECKHX TapaMETPOB OKa3bIBACT CHJILHOE BIIMSHUE HA M3MCHCHUE XapPaKTCPUCTHK
BOJHBIX OOBEKTOB.
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Pabora BbImonHeHa mpu yacTU4HOW (puHaHCOBOM momnepx ke IIporpammel
Ne 16 IIpesuanyma PAH (mpoexr 5).

Summary

The purpose of the work is to reveal connection between changes in the water
regime of bogs and internal seas and lakes with long-term climate changes.

To perform the work, level-by-level integrated characteristics of water paleo-
regime of Iksinskoe oligotropic bog (a southern taiga of Western Siberia), that has ex-
isted for 7370 years, were reconstructed by the data of detailed complex investigations
using the humidity index calculated by botanical composition of pit (Elina, Yurk-
ovskaya, 1992), the specific weight and the accumulation rate of pit organic substance,
as well as Caspian levels at Holocene (Lavrushin, et al. 2001) and paleoclimate char-
acteristics of the southeast of Western Siberia at Holocene (fluctuations from the pre-
sent characteristics) (Blyakharchuk, 1989) including temperature in January and June,
average annual temperatures and annual precipitation. The method of least squares
was used to obtain empirical functions of distribution of amplitude of fluctuations
(spectra) depending on the period duration and to reveal the cycles determining
changes in the above-specified parameters. The assigned period ranged from 40 to
7370 years at a 10-year interval. The component analysis is used to determine a typical
spectrum, connections between it and spectra of each characteristic and also to reveal
the relationships between changes in parameters.

The analysis of a typical spectrum shows that a mid-frequency range includes
three cycles with maximums at about 3150, 2250, and 1700 years, in a high-frequency
range there are many small cycles with maximums at about 1350, 1000, 870, 770
years et al.

The received typical spectrum indicates high correlation dependences between
spectra of separate parameters. The correlation factor is equal to 0,76-0,96 (0,76 for
Caspian level). It testifies to the presence of uniform mechanisms that determine the
water regime not only for inland seas and lakes, but also for bogs.

Changes in system parameters of water regimes of bogs and seas occur practi-
cally synchronously. The change in climatic parameters exerts a determining influence
on the change in characteristics of water bodies.
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M3menenns B r100aNbHON KIIMMAaTUYECKOH CHUCTEME, TIPOU3oIIenme B XX B.,
MpUBENU K U3MeHeHHto kinuMara B CeBepHoil EBpasuu, B TOM 4ncie Ha TEPPUTOPUN
Poccun. OHu BBIABISIOTCSA NMPH aHANK3E JAHHBIX THAPOMETEOPOJIOTHUECKUX HaOIro-
JICHHIA, TIPEX/Ie BCETO B OTHOIICHWH TEMIIEPATyphl B TIPUIIOBEPXHOCTHOM CIIO€ aTMO-
cdepbl U CYMMBI OCQJIKOB. DTH U3MEHEHHSI IMEIOT, BOOOIIE TOBOPSI, Pa3IMYHbBIC 3HAKN
JUI pa3HbIX PETHOHOB M ce30HOB. B 1966-1995 rr. no cpaBuenuto ¢ 1936-1965 rr.
MIPAKTHYECKH MOBCEMECTHO MPOM3OIIIO YBEIMICHUE CPeTHe TOI0OBOH CyMMBI OCajI-
KOB. DTO TakXe XapaKTEePHO JJIs 3UMbI (JIekaOpb — (heBpalib) M BeCHBI (MapT — Maii).
Ocenblo (ceHTSIOpb — HOSIOPB) U OCOOEHHO JIETOM (MIOHB — aBTyCT) HapsIy C yBeJIHye-
HUEM CYMMBI OCaJKOB HAOJIOAANOCh TaKKe €€ YMEHBIICHHE B PErHOHAIBLHOM Mac-
mrade Ha 3HAYUTENBHBIX TEPPUTOPHUAX. Taknue M3MEHEHHS CyMMBI OCaJKOB COTJIACY-
I0TCSl ¢ HaOJIONAeMBIMH TEHACHIMSIMUA HM3MEHEHHs PEYHOr0 CTOKAa Ha TEPPHUTOPUH
Poccun. Kpome oTHEnbHBIX PETrHMOHOB, PEYHON CTOK MOBCEMECTHO YBEJIWYMICS BO
BTOpOii monmoBrHEe XX B., 0COOEHHO B XOJOMHBINA mepuos roja. Cyzas mo MaTepuaiam
UeTBepToro OILEHOYHOIO AOKIana MeXnpaBUTENbCTBEHHONW TPYIIBI 3KCIEPTOB IO
u3MeHeHuto kaumara, B XXI B. Ha Oounbieit yactu CeepHoii EBpazum cymma ocaj-
KOB BO3pPacTeT, 0cOOEHHO Ha ceBepe. OHAKO 3TH U3MEHEHHs OyIyT BEChbMa HEOHO-
POIHBIMH B MIPOCTPAHCTBE. THNMUYHO OCaJKM yMEHBIIATCSA TaM, TJIe ceiuac Habmoaa-
eTCsl UX HEeIOCTATOK B HKOJIOTHYECKOM M XO34WCTBEHHOM aclekTax. JTa ke TeHJIEH-
LU XapaKTepHa JIJsl pEYHOTO CTOKa.

KinroueBble cnoBa: M3MEHEHHME KIMMATa, OCAJAKH, PEUYHOM CTOK, TEPPUTOPHUS
Poccun.

)IaHHble H MeTOAbI

Ha reppurtopun crpan CHI" u bantun (mo 1991 r. — reppuropuss CCCP) cyme-
CTBYET CeTh M3 223 cTaHUMWH, pe3yNbTaThl HAOMIOJEHUH KOTOPBIX mepeaatorcs B [no-
OoampHyro cucremy TtenecBszu (['CT) B tenerpammax CHHOIIL (xkonq FM 12-
VII_SYNOP). [lanaple METEOPOTOTHICCKAX HAOIIONCHUNA HA 3THX CTAHIIUAX OXBATHI-
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BaroT B 1eoM XX BEeK, MHOT/Ia — HECKOJILKO MEHBIINH WK Ke 00binuii nepuoa. Ps-
Ibl CYTOYHBIX JAHHBIX IO TeMIlepaType (MUHUMAaJIbHON, CpeaHEel 1 MaKCUMaJIbHON) U
ocaJikaM, IOJYYCHHBIX HAa 3THUX CTAaHIHAX, ObLIIH OpraHu30BaHbI BCCpOCCHﬁCKHM HH-
CTUTYTOM THIPOMETEOPOJIOTHYecKor HH(popManuu — MHPOBBIM LEHTPOM JaHHBIX
(BHUUTI'MU-MI/] Pocruapomera) B Buae 0a3bl JaHHBIX. JDTa HHQOpMAIUS TETOHH-
poBaHa B CECTU I/IHTepHeT JIISL CBO60)IHOFO HCIIOJIb30BaHNUA B HEKOMMEPUYCCKUX LEIAX
(http://www.meteo.ru). B HauOonplieil cTerneHH NpelCTaBICHbI NaHHbIE 3a 1936—
2005 rr.

Ja xaxmoit n3 cTaHmui ¥ BEIOPAaHHOHN IMEepeMEeHHOU (0HOW M3 YeThIpeX, YIo-
MSHYTBIX BbIIIE) MOKHO OPTraHU30BaTh YAaCTHBIM MacCUB AaHHBIX V = (v;). 31ech i —
nopsiAKOBBIA HOMep roaa (i = 1, 2,..., I, roApl 3aHYMEpOBaHbI 110 BO3PAcTaHHIO); j —
HOPAJKOBBI HOMEP CYTOK B KalleHaapHoM roay (j = 1, 2,..., J); v; — 3HaueHue u3y-
yaeMo# NMEepeMEeHHOU B j-€ CYTKH i-TO To/a. YCIOBHO CUHTaeTcs, 4To Beeraa J = 366.
YacTHblil MacCUB V' MOXKET COAEPkKaTh JAHHBIE HE 3a BCE I'OJIbI, KOTOPbIE UMEIUCH B
HCXOJIHOM MAacCHUBe, a MPEACTABIATh 3aJaHHBIH HCCIIeI0BaTeNIeM OTPE30K BPEMEHH [/,
t,] oT rona t; mo roxa t,. Takum obpazom, ¢ < Y(1) < Y(2) <... < Y(I) £ t,, tne Y(i) —
roJi, UMEIOIUK MOPSAAKOBBIA HOMED I.

Kpome matpuisl V' = (v;), T.e. COOCTBEHHO MacCHBa JaHHBIX, PACCMAaTPHBAETCS
marpuna G = (g;), 2IEMEHTbl KOTOPOH XapaKTepU3yIOT HAJIMYUe WU ’Ke OTCYTCTBHE
JIAHHOTO Ha COOTBETCTBYIOLIEM MeCTe B Marpuue V: g; = 1, ecnu naHHOE Vv ;; B HAJIU-
4yuy, U g ;= 0, eClli OHO OTCYTCTBYET. 3aMETUM, UTO g; 366 BCETa PABHO HYIIO, KpOMeE
BHCOKOCHBIX JIET.

HaHHBIe B UCXOOAHOM MAacCCUBE CHAOKEHBI IMpU3HaKaMu KadeCTBa. HpI/I cTaTu-
CTHYECKOH 00paboTKe HMCIIONB30BAIKMCh JHUIIb T JaHHBIE, KOTOPbIE UMEIOT HAUBBIC-
miee 3HaYeHUe 3TOro npusHaka. OcTanbHble JaHHBIE CYUTAINCH «OTCYTCTBYIOIIUMMEY.
OIIHaKO AHAJIN3 JTaHHBIX IMMPOBOJWIICA JIMIIb B TOM CJIydac, €CJIU IMPUBCACHHAA BBIIIC
MaTpuIla ObLIa TOCTATOYHO 3aIlOJTHEHA TaHHBIMH.

Hcnonp3oBanack cieqyomas TMIIoTe3a O CBOMCTBAaX JaHHBIX:

vi=a;+ b+ 0y,

TIE ai,..., a; ¥ Dy,..., b; — HEM3BECTHBIE MapaMeTpsl; 0; — ciydaiiHble yKIOHEHHs (pea-
JU3AIUH IEHTPUPOBAHHBIX CITyYaifHBIX BEJTUYHH).
ANEVAN A ASAN A

OLCHKH HEHM3BECTHBIX MAPAMETPOB a,d,,...,d; » b,b,,...,b; Haxoammucy MeTo-
JIOM HAaUMEHBIITUX KBAJ[PaTOB, T.€. IOCPEACTBOM MUHUMHU3ANNN (yHKIIOHAIA

D(ay,ay5s 3Dy, 050 b) = D (v, = (a, + b))
i=1,2,...,1;

Jj=12,...J;
gij:l
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J
IIpu »>TOM HCTONB30BATIOCH YCIOBHE Zl; ;=0. B arom ciydyae mepemeHHbIC a
J=1
OyIyT UMETh CMBICII CPETHETOZI0BBIX 3HAUCHHIA, & IEPEMEHHBIC b — IIEHTPUPOBAHHOTO
rOJI0BOTO XOJa CYTOYHBIX 3HAYCHUH.
B cooTBeTcTBUM € KIMMATOJOTMYECKON Tpagullue isl OIEHKH KJIMMaTHye-
CKUX XapaKTePUCTHK CIIEAYET UCIIOJIb30BaTh JaHHBIE 3a JOCTATOYHO OOJBIION OTpe-
30K BpeMeHH — 30 mocieIoBaTenbHBIX JIeT Wiu 6onee. OHAKO €CIIM TOBOPUTH O Cpell-
HECYTOUYHBIX 3HAUCHHSIX TEMIIEPATYPHI M B OCOOCHHOCTH O CYTOYHOH CyMME OCajKOB,
TO ocpeaHeHue 3a 30 JeT He U30aBJIAeT OT «IIyMay» — CIydaliHbIX OTKJIOHCHHI B pe-

ANAN

A
3yJbTaTaX OLEHKH. TakuM o0pa3oM, B OUEHKAX A,b,,...,h, , KPOME HCKOMOIO «CHMIHa-

JIay — UEHTPUPOBAHHOI'O I'OJOBOr0 X0Ja CyTOUYHBIX 3HAUCHHHM TEMIEPATYpPhI MU Ke
0CaJIKOB — OyJeT NMPHCYTCTBOBAaTh CTATUCTUYECKUH «IIyM», KOTOPBIH CIIEAyeT OT-

AN A

AN
(GuneTpoBaTh. I 5TOro0 MOMyYeHHas IOCAEA0BATENBHOCTD A, b, ,...,b, Pa3jaraaach 1o

rapMOHHKaM, a 3aTeM FapMOHUKH ¢ TIEpHOJIOM MeHee 1/4 roJia oTOpachIBaIkCh.

[Tony4yeHHBIE TaKUM CIIOCOOOM OLIEHKH ¢ U b MOXXHO HCIOJB30BaTh Kak s
BBIYUCIICHHS OOBIYHBIX KIMMAaTHYECKHX MapaMeTpoB (TOIOBBIX M CE30HHBIX CPEAHUX
TeMIepaTyp U CyMM OCaJIKOB), TaK M MPHKIATHBIX KINMATHYECKUX MHICKCOB (CyMM
3G GEKTUBHBIX M aKTUBHBIX TEMIEpaTyp U T.1.).

Pe3yJ’ll)TaTLI u 06cym11e}me

JlaHHbBIE ¥ METO/, OTIMCAHHBIE BHIIIIE, TO3BOJIMIN MTOTYYUTh HEKOTOPBIE OIIEHKH
TEeHASHIMH n3MeHeHus knumarta B XX B. — Hauayie XXI B..

B 19661995 rr. no cpaBHenuto ¢ 19361965 rr. Ha tepputopun Poccuu mpo-
M30IIUTM 3aMETHBIE M3MEHEHHS CE30HHBIX 3HAYCHWI TeMIepaTypsl BO3IyXa B MPHIIO-
BEPXHOCTHOM ciioe arMocdepsl 1 cyMMbl ocaakoB (Cemenos, ['enbBep, 2003; CemeHOB
u ap., 2006). [IpocTpancTBeHHOE pacnpeneeHe N3MEHEHUH 0Ka3aJloCh CIeU(UIHBIM
JUTSL Ce30HOB (KaJeHJapHbIE BECHA, JIETO, OCEHb, 31IMa).

OceHbio, 3MMOI 1 BECHOHM MpeodiiafaeT MoTeIieHne, 0COOEHHO BecHOW. OmHaKo
OCEeHBIO M 3uMOM Ha ceBepe EBponeiickoii Tepputopun Poccun (ETP), a Takxe Ha 00-
IMPHBIX TEPPUTOPHSX Ha ceBepe 3araaHoi U Boctounoit Cubupu noxonoano. BecHoit
Ha ETP nmoteruieno nmoBceMecTHO, puyeM npeodiiafaet noremieHue oosee yem Ha 1 °C.
B Poccum teppuTopuu, rae netoM HabIr0gaeTcs IOTEIUICHUE U TOX0JIOJaH|e CPAaBHUMBI
no miomanu. Juanazon usmenenuit ot —0,5 1o +0,5 °C, npudeM Ha eBporeicKol yacTu
M3y4aeMOW TEPPUTOPUH MPAKTHUECKH TIOBCEMECTHO MOXOIOIAIIO.

3HayeHUs] U3MEHEHHsS CYMMBI OC3JIKOB 3a CE€30H (KaJleHAapHbIE BECHa, JIETO,
OCCHb, 3MMa) COCTaBIAIOT He MeHee —40 MM U, B OCHOBHOM, He Oojiee 40 mm. s
«XOIIOJTHOTOY» TIEpHOo/ia KaJeHIAPHOTO T0/1a — OCEHb, 3UMa, BeCHa — Ha OOJIbIIEH 9acTH
paccMaTpuBaeMoOl TEPPUTOPUHN MTPOU3OILIO YBEINICHUE CYMMEBI OCaJKOB, OCOOEHHO B
3UMHHE MecsIbl (1ekadpb — (heBpaib), a ee yMEHbIICHHE HMEJI0 MECTO Ha HeCpaBHU-
MO MEHBIIEeH YacTh TeppuTopud. s MroHS —aBrycTa TEPPUTOPHH, TAE MPOU3OILIO
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YBEJIMYEHHE M YMEHBUIEHHE CYMMBI OCaJKOB, OKAa3aJIUCh COM3MEPHMBI, XOTS MpeBa-
JUPYET BCe )K€ yBenuueHue, ocooeHuo B EBpore.

[Ipn mpakTHYeCKH MOBCEMECTHOM YBEIWYEHHH T'OJJOBOM CYMMBI OCAaIKOB JOJS
CYTOK C CyMMOH ocaakoB, mpeBblmaromux 0,1 MM, Ha OOMIMPHBIX TEPPUTOPHIX
ymenbmmnack (puc. 1). Takum o0pa3om, Ha STUX TEPPUTOPHUAX OOJIBIIE OCAAKOB CTa-
JIO BBINIA/IaTh 32 MEHBINIEE YHCIIO CYyTOK, YTO KOCBEHHO YKa3bIBaeT Ha YCHIIEHHE DKC-
TpeMaJIbHOCTH pexxuMa yBrnaxHeHus (CemeHoB u nip., 2006).

W3mMeHeHns CyMMBI OCaJKOB M TEMIIEPaTypbl OKa3alM BIHMSIHUE Ha XapakTep
CTOKa peK Ha TeppUTopuu Poccum, uTo 0OHapyKMBaeTCs MPHU aHAM3E JAHHBIX CETH
CTaHIWU{ THAPOJIOTHYECKHUX HaOmroaeHni. Tak, cyMMapHBIi CTOK MIECTH KPYITHEHIIINX
pex Ceepnoii EBpasun (CeBepnas JIBuna, [leuopa, O0b, Enuceii, Jlena, Konsima) B
CesepHnblii Jlemouthlit okeaHn Bo3poc Ha 7 % 3a 1936—1999 rr. (Peterson et al., 2002).
Texymiee 3HaUeHHE CYMMapHOTO TOJOBOTO CTOKAa MPEBBIMIAET 3HAYEHHWE Ha HA4allo
reproza HaOmoaeHui Ha 128 KM, Tpenn cocrasun 2,0 + 0,7 KM® roz(l. 3a nmocienHue
20-25 ner MeXEeHHBIH CTOK, B OCOOCHHOCTH 3UMHHIA, Ha OOJBIICH YaCTH TEPPUTOPUH
Poccun yBennumicsi, nHoraa BecbMa cymecTBeHHO — Ha 60-90 % (Lukiaomanos, I'e-
opruesckuii, 2003). B ceBepHO# U ceBepo-BOCTOUHOMN HacTsax Oacceitna Bonru yBenu-
yerne coctaBmiio ot 20 10 30 %. YcTaHOBIEHO Takke, YTO K KOHIY XX B. CyMMBI
ocankoB Ha KaBkaze, a Takke CTOK peK, IJIs1 KOTOPhIX JOMHHUPYET €T0 eCTECTBEHHAs
cocrapisromias (benas, Yepek, Cynak, Jlaba, M3simTa), Bozpociu (Jlypwe, IlanoB,
2003). IMonoxurensueiii Tpers coctasun 0,015-0,121 m*¢ -rox .

Cyns no nociegHUM JOKyMeHTaM MeKIpaBUTEIbCTBEHHOM IPyIIIbI 3KCIIEPTOB
o m3menennto kumara — MI'OUK (Climate Change 2007; Contribution to the Inter-
governmental Panel on Climate Change Fourth Assessment Report. Climate Change
2007: Climate Change Impacts, Adaptation and Vulnerability. Summary for Policy-
makers. 2007), Habmogaemble B XX B. TeHaeHuu coxpansrcs B XXI B. [Ipu stom
OCaJK{ U PEYHOU CTOK OYyIyT BO3pacTaTth B OCHOBHOM TaM, IJI€ UX COBPEMEHHBIE 3Ha-
YEeHUS! «U30BITOYHBI» B SKOJOTHUECKOM M XO3IHCTBEHHOM CMBICNIAX, ¥ yOBIBaTh Tam,
/1€ OLYIIAETCS UX «HETOCTATOK.

Ha puc. 2a u 26 npuBeeHBI 3HAYCHUS TPEH/IA CPETHEH TeMIepaTypsl BO3ayxa
¥ CyMMBI OCaJIKOB 3a amnpeib — HioHb B 1976-2005 rT., a Ha puc. 3a u 30 — TO *xe ans
ce30Ha HOsIOpb — MapT.

Ha puc. 26 MOXHO 3aMeTHUTh, YTO CyMMa OCAaJKOB ampessi — UIOHS yMEHbIIa-
mack B 19762005 TT. Ha 3HAYUTETHHBIX TEPPUTOPHSIX (B YACTHOCTH, HA 0T Y KpauHBI
u B Momnnoge, Ha KaBkase, B Oacceline Jlensl, B 3a0aiikanbe u [Ipuamypre, Ha ceBepe
Haneuero Bocroka). [Ipu sToM TemmepaTypa Ha 3THX TEPPUTOPHUAX B arpelie —HIOHE
MIPaKTHYECKU BE3/Ie YBEIHUMIACh (CM. pHC. 2a).

YBenuueHne KoIM4ecTBa 0calkoB HOSIOPst — MapTa (cM. puc. 30) Ha TeppUTOpPHU-
X, pacrnonokeHHbiXx Ha KaBka3se, B Oacceitne Jlenbl, Ha CpenHem Ypaie, Ha ¢oHe
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MNPAKTHUYCCKHU MTOBCEMCCTHOI'O MOTCIJICHUS 3TOIrO MEpHOoJa roja co3gajo nmpeArnoCbuI-
KU U YBECIINMYCHUS CTOKA B 3TOT IICPUOI.

Puc. 1. I3mMeHeHne 1o cyToK ¢ cyMMoit ocankoB 6onee 0,1 MM B 1966—-1995 rT. o
cpaBHeHuIo ¢ 1936—-1965 rr. Ha Teppuropun crpad CHI u bantuu: Tymeska — yBennaenue,
IITPUXOBKA — YMEHBIICHHE
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Puc. 2. Tpern B 19762005 rr. (amperns — UioH:):
a — cpenHeii TeMmepaTypsl Bo3ayxa (°C-rox '); 6 — CyMMbI 0CaaKOB (MM-TOX ')
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Puc. 3. Tpera B 19762005 rr. (HOAOps — MapTa):
a — cpejiHeit TemmepaTypbl Bosayxa (°C-rox '); 6 — CyMMBI 0CaKoB (MM-TOT ')

Summary

Changes in the global climate system in the 20™ century modified the climate in
the Northern Eurasia, including the territory of Russia. They are revealed when ana-
lyzing hydro-meteorological observational data, first of all, near-surface temperature
of the atmosphere and total precipitation.
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In general, the changes have different signs in different regions and seasons. In
19661995 as compared with 1936-1965 the average annual total precipitation in-
creased almost everywhere. This was also typical of the values of winter (December —
February) and spring (March — May). Along with increase, the total precipitation de-
creased in autumn (September — November) and especially in summer (June — August)
in the regional scale in the great territory.

Such changes in total precipitation conform with the observed tendencies in the
river runoff in Russia. For example, the international research group, including Rus-
sian experts [. A. Shiklomanov and A. I. Shiklomanov calculated that the annual run-
off of the six largest Eurasian rivers (Severnaya Dvina, Pechora, Ob, Yenisey, Lena,
and Kolyma) to the Arctic Ocean increased by 7 % in 1999 as compared with 1936.
The rise was especially evident in the cold season, and the season warming might have
also contributed to the effect.

According to the Fourth Assessment Report made by the Intergovernmental
Panel on Climate Change, the global tendency towards strengthening the hydrological
cycle will be kept in the 21% century. Total precipitation will increase in the greater
part of the Northern Eurasia, especially in the north.

However, such changes will be quite not uniform over a distance. It is typical
that precipitation decreases in the regions where it is not enough in ecological and
economic aspects. This is also typical of the river runoff.
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Estimate Methods of Hydrological Regime Changes under the Influence Climatic
Changes

V. Ch. Khon

A. M. Obukhov Institute of Atmospheric Physics RAS
Pyzhevsky per., 3, Moscow 119017, Russia

BrinonHeHa oneHka CriocOOHOCTH COBPEMEHHBIX MOAEEH KiIuMaTa BOCIIPOM3-
BOJIUTH PErHOHAIbHBIE TUAPOIOTHYECKUE XaPAKTEPUCTHKH B OacceiiHax KpyHmHEHIINX
pex CesepHoii EBpasun. [IpencTaBieHsl ONEHKH BO3MOXKHBIX KIMMATHYECKUX H3Me-
HEHUN XapaKTEPUCTUK TUAPOJIOTMYECKOr0 peXuma JJIsi peTUOHOB CeBepHO EBpasuu
B XXI B. AKLIEHT cliejaH Ha aHaJu3€ U3MEHEHUN PEeXUMOB PEUHOI'O CTOKA U OCAJKOB
(B TOM 4mClIe UX IKCTPEMANbHBIX PEKMMOB) Ha KpymHeHmux BomocOopax EBpaszum,
BKJTIO4ast Oacceinbl Bonru n kpynHelmmx cudupckux pek Oou, Ennces u Jlenst. J{ns
aHaJIM3a UCIOJIb30BAUCH PE3YJIbTAThl PACYeTOB, MOIyUYEHHbIE C MOMOIIBIO aHCaMOJIs
kmumaTrdeckux monener [PCC (MexnpaBUTENbCTBEHHON TPYIIITBI AKCIIEPTOB IO U3-
MEHEHHIO KJIMMaTa) MpHU aHTPOIOTEHHBIX CIIEHAPHUSIX C YBEIMUEHUEM COJEpXaHHs B
aTMocdepe MapHUKOBBIX TA30B.

KiroueBble c10Ba: H3MEHEHUS KJIMMAaTa, OCaJKU, PEYHOH CTOK.

JlJis OILICHOK BO3MOJKHBIX THIPOJIOTMYSCKHUX HM3MEHEHUI B OyjaylieM, CBs3aH-
HBIX C €CTCCTBEHHBIMU U QHTPOIIOTCHHBIMU MPUYUHAMHM, UCTIOIB3YIOTCS TII00ATBHBIC
MOJICTIH KJIUMAaTa, B TOM YHCIIe HanOoJiee JeTalbHbIC KIMMAaTHYECKHEe MOJCIH O0IIei
mupkyisun (KMOLL) atMocdeps! 1 okeaHa ¢ OMMCaHUEM JUHAMHUKH MOPCKOTO JIbJa
U TIPOIIECCOB B JICATEILHOM CJIOE CYIIU C y4eToM OuochepHbix addextoB. CormacHo
pe3yJbTaTaM YHCICHHBIX 3KCIEPUMEHTOB ¢ coBpeMeHHbIMEH KMOL] npu riobansHOM
noteruieHnd B XXI B. clieqyeT OKuAaTh 3HAUUTEIbHBIX U3MEHEHUH THAPOIOrHYECKO-
ro peXMMa W, B YaCTHOCTH, NAJIbHEUIIEr0 YCHJICHHS TCHACHIMH KCTPEMalIbHOCTH
0CaJIKOB U TposiBIIeHUs ee Haj MHorumu peruonamu (IPCC, 2001, 2007; Semenov,
Bengtsson, 2002; Voss et al., 2002).

B nanHoii paboTe cleiaHbl OLIEHKA BO3MOXKHBIX M3MEHEHUH PEYHOro CTOKa U
Pa3IMYHBIX XapaKTEPUCTHK OCAJKOB (MX KOJIMYECTBA, MHTCHCUBHOCTH U BEPOSITHOCTH)
st pernoHoB CesepHolt EBpasun B XXI B. (MoxoB u ap., 2003, 2005; Khon et al.,
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2007). [lns aHanmu3a WCIONB30BalNCh pacueTsl ¢ aHcambiem KMOLL npu anTpomno-
TEHHBIX SMHUCCUSIX MAPHUKOBBIX TAa30B B aTMOC(EpPy COTIaCHO YMEPEHHOMY CLIEHAPHIO
SRES-A1B (IPCC, 2001).

Hns neranbHOro aHanu3a ObUIM BBIOpaHbl OacceliHbl Bonrn u kpynHeHmux cu-
oupckux pex O6u, Ennces u Jlens! (puc. 1). [{ng comocrapnenust ¢ MOAETFHBIMA pe-
3yJbTaTaMU HCIOJIB30BAINCH JaHHbIE HaOmromeHnit 3a pewynbiM ctokoM (GRDC) m
ocaakamu CRU (YuuBepcurera Boctounoit Anrnun) (New et al., 2000). Takxe npu-
HATBl K cBeldeHHIO AaHHble peaHanm3a ERA-40 (Uppala et al., 2005) ons 1958—
2001 rr.

asnd-
Lk RERREES
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85N]-
60N -
s5Nq-
50N
FLE ERREn
40N
asn )

GOE 80E 100E 120E 140E

Puc. 1. Bogoc6opsr pex Bonru, O6u, Eances u JIeHsr

Ha puc. 2 mpuBeneHs! pactpeneneHnsi 00mero KoiIn4decTsa 3UMHUX (a, C, €) U
netaux (b, d, f) ocankoB (Mm/cyT) no nanneiM HaOmoaenuit CRU (a, b), peananuza
ERA-40 (c, d) u mo pacueram ¢ KMOLl ECHAMS/MPI-OM (e, f) nns 6a3oBoro 30-
nerHero nepuoga 1961-1990 rr. B uenom MoaenbHbIE pacyeThl JOCTATOYHO XOPOIIO
BOCTIPOHM3BOJAT KOJMYECTBO OCAIKOB B PA3IIMYHBIX PETHOHAX, B YACTHOCTH B Oacceii-
Hax POCCUICKHUX pEK.

Ha puc. 3 nuzobpaxkeHb! cpeiHrE TOAOBEIe 3HaUeHs cTtoka Bomnru, O6u, Enuces
u JleHbl, OoMydeHHBIE IO MOJEIbHBIM pacdeTaM B COIOCTABICHWH C JaHHBIMH Ha-
omoneHuit it 1961-1990 rr. B meiaoM Mojenu yaoBIEeTBOPUTEIBLHO BOCIIPOU3BOJIAT
CpeAHUI KIIMMAaTUYeCKUH PEeKUM CTOKa AJISl peuHBIX BomocOopoB. CpeaHue Mo aH-
caMOJII0 MOJIeJIed KIIMMAaTOJIOrHueckre 3HaueHus ctoka Bomaru, Oou, Exuces u JleHsl
JOCTATOYHO XOPOIIIO COTIIACYIOTCS C TaHHBIMU HAOIIOCHUH.

Puc. 4 nemoHcTpHpyeT BO3MOXHBIE W3MeHeHUs cTtoka Bonru, Oou, Exnuces u
Jlensl k koHy XXI B. cornacHo anTponoreHHomy cueHapuro SRES-A1B. Bee mone-
JIM TIOKa3BIBAIOT POCT FOJJOBOTO CTOKA CHOMPCKHX PEK, B TO BpeMs KaK TEHICHIINH W3-
MeHeHus1 cToka Bonrum mporuBopeuuBsl. HanGonbiiee yBenuuenue ctoka B XXI B.
niposiBnsieTcst i JIeHsl, ¢ Oonbielt nonei 6acceiiHa B BRICOKUX ITUPOTAX.
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Ha puc. 5 mpuBeneHbl OCpeTHEHHBIE TT0 aHCAMOJIIO MOJIeel H3MEHEeHUs 001IIe-
r0 KOJMYECTBA, MHTEHCUBHOCTH U BEPOATHOCTH OCAJIKOB Ha BojocOopax Bomru, Oow,
Enuces u Jlens! k kouiry XXI B. cornmacuo cuenaputo SRES-A1B.

0.5 1.5 25 35
Puc. 2. TIpocTpaHCTBEHHOE pacnpe/ieneHe KoJIn4ecTBa 3uMHIX (a, ¢, €) u sieTHux (b, d, f)

ocankoB (MM/cyT) B ceBepHOM EBpasun no nanusiM Meteonabmronennii CRU (a, b),
peananmu3a ERA-40 (c, d) u o pacueram ¢ KMOLl ECHAMS/MPI-OM (e, f)
quts 30-neraero nepuona 1961-1990 rr.
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Puc. 4. I3amenenns rogosoro croka (%) Bonrn, O6u, Ennces n Jlenst
s ocaenHero 20-metust XXI B. (otHOCHTENpHO 1981-2000 TT.)
npu aaTpororeHHoM cuenapui SRES-A 1B no pacueram ¢ ancamb6iem KMOI]

CornacHO MOJICJILHBIM pacdyeTaM HauOOJbIlee YBEIMUYCHHUE KOJIMYESCTBA OCa-
KOB MOYKHO OKHIATh B 3MMHHI MEPUOJI U BCEX BOAOCOOPOB, C HAMOOJIBIINM YCHIIE-
HUEM B 00Jiee CEBEPHBIX PErMOHAaX. B leTHUI meprox u3MeHEeHHUs 00IIero KOJIM4ecTBa
0CaJIKOB HE3HAUUTEIbHBI. B mepexojiHple meproibl (BECHOH M OCEHBIO) TaKXKe B Iie-
JIOM TIPOSIBIISIFOTCS MOJIOXUTENIbHBIE TCHICHI[MHM, HO OHH MEHEE 3HAYMMBI, YeM IS
3UMHET0 ce30Ha. IHTEHCUBHOCTh 0CaKOB Ha BojocOopax Bomnru, O0u, Enuces u Jle-
HBI PaCTET JUIsl BCEX CE30HOB, ¢ MAKCUMAJIBHBIM YCWICHHEM B 3UMHUI nepuon. IIpu
3TOM 3PIMOI>‘I HaI/I6OJ'IBIHee yBeJIPIquPIe OTMCUYCHO U HJId BepOSITHOCTI/I 0CaAKOB Ha BCEX
BojiocOopax. [IpHHIMNMATIPHO OTIIMYAIOTCS OT 3MMHUX JICTHUE TPEHJIBI JUIS BEPOST-
HOCTH OCaJIKOB — OHHM OTpHIIATEIbHBIC ISl BCEX YEThIPEX PEeUYHbIX OacceiiHoB. Takum
00pa3oM, 3UMOI 0CaJKOB CTAHOBHUTCS 0OJbIIE, OHU 0OJee MHTCHCUBHBIC U Yallle BbI-
najarT (¢ HanbobIuMU 3HaueHussMH Uit Exucest u Jlensr). Jletom oOiiee xomuue-
CTBO OCaJIKOB U3MEHSETCS CJ1a00, HO MPH 3TOM OHHU CTAHOBATCS 60jIee HHTEHCUBHBIMU
U PEIKUMU.
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Puc. 5. VI3ameHeHus (cpenHue 1O aHCaMOITIO MOielIeil) XapaKTEepHCTHK CE30HHBIX OCa/IKOB
(obmero xommdecTBa, MHTEHCHBHOCTH U BEPOSITHOCTH, %0)
qutst mocnenuero 20-etus XXI B. (orHOcuTensHO 1981-2000 rr.)
pu anTpornoreHHoM cueHapuu SRES-A 1B misa 6acceitnoB Bonru, O6u, Exnces u Jlenst

Hannas pabota BwimonHeHa npu noanepxkke PODU, nporpamm PAH u Mu-
HoOpHayku (koHTpakT PocHaykm 02.515.11.5031), Hayunoii mporpammer HATO
(Collaborative Linkage Grant 982423) u INTAS (06-1000014-6556).

Summary

A probability of modern climate models to simulate regional hydrological char-
acteristics in the basins of the largest rivers of the northern Eurasia is estimated. The
evaluations of possible climate changes in the characteristics of hydrologic regime for
the regions of the Northern Eurasia in the 21* century are presented. The special at-
tention is paid to the analysis of changes in river runoff and precipitation regimes, in-
cluding their extreme regimes, for the major Eurasian watersheds including the basins
of the Volga river and the largest Siberian rivers: Ob, Yenisei and Lena.

The results of calculations based on a set of global climate models of the Inter-
governmental Panel on Climate Change (IPCC) under anthropogenic scenarios with
increasing content of greenhouse gases in the atmosphere are used for the analysis.
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On the whole, the models satisfactorily simulate a medium climate regime of
river runoffs. Mean climatological values in the set for the runoffs of Volga, Ob,
Yenisei and Lena rather well conform with the observational data for the 20" century.
All the models show an increase for the runoffs of Ob, Yenisei and Lena rivers for the
21* century. The simulated changes of the Volga river runoff are more contradictory
for the 21* century.

The characteristics of precipitation including mean precipitation, rain intensity,
rain event probability and the index of extreme events obtained from different global
climate model simulations are analyzed. The simulations with the set of global climate
models are compared to the observational data and the data of ERA-40 reanalysis. The
simulations based on a set of global climate models for the 21* century demonstrate an
increase in precipitation during winter, precipitation intensity and rain event probabil-
ity as well as heavy precipitation in the catchment areas of Volga, Ob, Yenisei and
Lena rivers. The trends for the spring and autumn rain intensity and heavy precipita-
tion are also positive but less significant than for the winter trends. This is in contrast
to the summer rain event probability, which has a negative trend for all analyzed river
basins.
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Influence of Climate Changes on the Hydrological Regime and Water Resources
of the Russian Rivers

I. A. Shiklomanov and V. Yu. Georgievsky

State Hydrological Institute
Line 2 at Island Vas., 23, St.-Petersburg 199053, Russia

B pesynbrare mpoBeNeHHBIX MCCIENOBaHUH YCTaHOBJIEHO, YTO OCHOBHOM OCO-
OCHHOCTBIO COBPEMEHHBIX KIIMMAaTOOOYCIOBICHHBIX H3MEHEHUH BOTHOTO PEKMMA PEK
Ha TpeodiaIaoniell YacTu TePPUTOPHU CTPAHBI SBISIETCS CYIIECTBEHHOE YBEINYCHHUE
BOJHOCTHU B MECKCHHBIC IICPUO/bI, OCO6€HHO B 3UMHHEC MCCAIbI. B npeaeciax KpymHbIX
perrnoHoB Poccun 1u1st O0IBIIMHCTBA PACCMOTPEHHBIX PEK OTMEYAIOTCSl 3HAYMMBIE T10-
JIOXKUTEJIIBHBIC TPECH/bI CTOKA 3UMHEN U JIETHE-OCEHHEN MEKEHH.

Ha npeo6nanaromeit yacTu TEppUTOPHU CTPAHBI TOMOBOM CTOK PEeK B MOCIHE/-
HUE AECATHIICTHS MPEBBICHI HOpMY. BMecTe ¢ TeM pe3ysbTaThl CTaTUCTUYECKUX pac-
9YETOB CBHUJICTEIBCTBYIOT O TOM, YTO IPOMCXOJIINE M3MCHEHHS BOIHBIX PECYpCOB
HaxoaATCA B Ipeaciax €CTECTBEHHOI M3MEHUYMBOCTH.

C yderoM HabOIIOAAIOMIKMXCA H3MEHEHUH BOAHOCTH PEK Ha (pOHE COBPEMEHHOTO
MOTETUICHHS KJIMMAaTa U pe3yJIbTaTOB MOJCIUPOBAHUS CTOKA, BBHITOJHEHHOTO aBTOpa-
MU U APYTUMHU HUCCICOOBATCIIAMU IPU Pa3JINYHBIX KIMMATHYCCKHUX CHCHApUAX, Hau-
60.]'[66 BCPOSATHBIM B 6HH)KaﬁMHC ACCATUWICTUA ABJISICTCA YBCJIMYCHUC TOJOBOTO CTOKA
pexk Oacceiina CeBepHoro JlemoBuToro oxeana u 6acceiina Bonrn.

KiroueBsle cioBa: PEKH POCCI/II/I, U3MCHCHHUA KJIMMaTa, U3BMCHCHUSA TUAPOJIOTH-
YCCKOIo peKnma, COBpEMCHHBIC, ICPCIICKTUBHLIC.

B otuete MexnpaBUTENbCTBEHHOM IPYMITBI SKCIIEPTOB 10 M3MEHEHHIO KIIUMaTa
(MI'DHK, 2007) ObTO yCTAaHOBIIEHO, YTO CPEAHSISI TOAOBas II00albHAs TeMIepaTypa
MpU3eMHOT0 Bo3ayxa nmoBeickinack Ha 0,76 °C ¢ cepenunsl XIX B., mpu 3ToM Hanbo-
Jiee UHTEHCHBHOE MOTEIICHHE OTMEYaeTcsl B MOCIEAHME AecsaTuiaeTus. B cooTerct-
BHU C JaHHBIMH crienuanuctoB MHctutyTa rimobansHoro kimmara u sxkoiaoruu Pocru-
npomera 1 PAH B cpennem st Tepputopun Poccuu noremienue B 1976-2005 rr. co-
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craBuio 1,34 °C. [Jns Poccun noremieHne 6oiee 3aMEeTHO 3UMOI U BECHOM, B TEILIBII
e MepuoJ] roJja pocT TEMIIEPATyPhl MEHEE BBIPAXKEH.

[IpencraBnsier 6OIBIION TEOPETHUESCKUN U MPAKTUIECKUA WHTEPEC BBISBICHUE
peakuuu Ha 3TO MOTEIUIEHHE CTOKa pek Ha Tepputopuu Poccun. B cBA3u ¢ 3TuM B
I'TH s xomudecTBEHHON OIEHKH MPOUCXOISAIINX KIMMaTOOOYCIIOBICHHBIX H3MEHE-
HUI BOJHBIX PECYPCOB W BOJHOTO PEXHMMa pek Poccuu, BBIABICHUS OCOOCHHOCTEH
9THX U3MEHEHHH B Pa3TUUHBIX (PH3UKO-TEOrpapUUuecKUX 30HaX U UX MPUYHH, a TAKXKE
palloHUpOBaHMs TEPPUTOPUH CTPAHBI IO MX HANMPABICHHOCTH W MHTEHCHBHOCTH OBII
pa3paboTaH U peain30BaH METOIUYECKUH MOAX0J, OCHOBOM KOTOPOTO SIBIISIETCS KOM-
IJIEKCHBIN CTaTUCTUYECKUN aHaIM3 TOA0BOT0, CE30HHOTO M MECAYHOTO CTOKA TPEXCOT
CpeIHUX MO pa3MepaM BOJOCOOpa peK C eCTECTBEHHBIM (HE HapyLICHHBIM BIIMSHHEM
XO3SIICTBEHHOU JesITENFHOCTH) BOJAHBIM PEXXHMOM W TIEPHUOIOM HAOIIOJIEHUH 33 CTO-
KOM HE MeHee 55 Jer.

BrInonHeHHbIE UCCeOBaHUS TIO3BOJIMIIA YCTAaHOBUTD, YTO OCHOBHOM OCOOEH-
HOCTBIO COBPEMEHHBIX KJIMMaTOO0YyCIOBICHHBIX H3MEHEHUH CE30HHOTO CTOKA PEK SIB-
JIIeTCS YBETTMYEHHUE B MOCIIEAHNE JECSITHIICTHSI NX BOJAHOCTH B 3UMHHI CE30H MPaKTH-
YecKH Ha Bcel TeppuTopuu cTpanbl. Hanbomnee 4eTko pocT 3MMHETO CTOKa MPOCIIeKH-
Baercss Ha ETP. B kadectBe mpumMepa Ha puc. 1 mpeiacTaBieHa AMHAMUKA 3MMHETO
CTOKA psfa PEK, PACIIOIOKEHHBIX B Pa3IMUHBIX NMPUPOIHBIX 30HAaX. B 3TOM pernone
BOJHOCTh PEK B XOJOIHBIN ce30H rojga B 1978-2005 rr. va 50-120 % Obina BbIIE,
YeM 3a MPeIIeCTBYIOINHA MHOTONIETHUN Nepro. 31ech Ui OOJIBIIMHCTBA PEK BHISIB-
JICHBI MOJIOKUTEJIbHBIE TPEHBl 3MMHETO CTOKA, KOTOPbIE SBISIIOTCA 3HAYUMBIMHU NIPH
JIOBEPUTENLHON BeposATHOCTH 95 %.

Ha a3uatckoif TeppuTOpUM CTpaHbl 3HAYMMBIE TPEHAbl YBEIWYEHHS 3UMHETO
CTOKa OTMEUaroTcs Ha JIeBoOepexXHBIX npuTokax Upteima u Tobona, Tae ero poct co-
craBiseT 40-70 %. Ha 10-30 % B mocnemane 20—25 neT CTOK 3UMHEH MEXEHH TIpe-
BhICHII HOpMY B Oacceiine Jlensl (pexu Butum, Onexma, Anjgan, Amra).

Kak u 1515 3uMHeEro croka, yBeIM4eHHUE JIETHE-0CEHHETo cToka B 1978-2005 rr.
OoTMeYaeTcs I 3HAUYNTeNbHOM YacTi P®. Hanbomnee cyIiecTBeHHBIH POCT CTOKA JIET-
HE-OCCHHEW MEXEeHM HaOJIoJajics B JIECOCTCITHOW W cremHod 3oHax ETP, rae mis
OOJIBIIMHCTBA PEK MOIyYeHBbl 3HAYMMBbIC MOJOXKUTENbHBIE TPpeHAbl. B 3THX mpupon-
HBIX 30HaX CTOK PEK 3a JIETHE-OCEHHHE MECSIIbI ObLT BhIIIE, YEM B MPEALIECTBYOIIUH
mHOToNeTHHHN niepuoa Ha 40—100 %. Takxe BBIpOC JIETHE-OCEHHHM CTOK PEK, Pacro-
ToxkeHHBIX B jecHou 30He ETP 1oxuee 60° ceBepHO#l MIUPOTHL. 37€Ch YBETUUCHHE
cToka Ha GonpmrHCTBE pek coctaBmio 30—50 %. CeBepHee, B BepxHeEH yacTu Oacceii-
Ha CesepHoll /IBHHEL, 3T0 yBennueHue paBHoO 20-25 %.
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Puc. 1. lunamuka 3umuero ctoka pek ETP, pacrionokeHHbBIX B pa3IHYHBIX PUPOIHBIX 30HAX

Jia a3uaTcko TEppUTOpPHH CTpaHBl Hawmbollee CYIIECTBEHHOE YBEITHMYEHUE
JIETHE-0CeHHETOo cToKa (Ha 25-50 %) mpou30muIo Ha pekax, rie HabIo1aaoch U 3Ha-
YUTEIHHOE MOBBIIIICHUE 3UMHETO CTOKA — ATO JIeBOOepexkHbIe nmpuToku MpTtsima u To-
0oxa, a Takke peku OacceitHa Jlensr (Butum, Onexma, AMra), TJie CTOK yBEITUIHIICS
Ha 10-20 %, u peku ceBepo-BocToKa (Oacceitnbl pek Onenek, SHa, MHaurupka) — Ha
15-30 %.

Poct mMesxxeHHOTO cTOKa 00YCIOBMII yBETUUEHHE BOAHBIX PECYPCOB Aaxe B Oac-
CeifHax pekK, T/ie MPOM3OILIO0 CHUKEHHE CTOKA BECEHHETO MOJIOBObS (FOTO-3armaHas
yacte ETP). Ananu3 nanueix HaOmoaeHui 3a nocieanue 100 jgeT mo3Boau caenaTh
BBIBOJI O TOM, YTO TaKas CHUTyaIlus CIOXHJIACh BIIEPBBIC, TAK KaK paHEe BCE 3HAYH-
TeJNbHbIE MHOTOBOJHBIE W MaJOBOAHEIE (ha3bl ONMPEAEISUINCH MPEXIE BCETO BEITUYH-
HOW CTOKa BECEHHETO IOJIOBOJbS. YBEIHYCHUE JOJIM MEXKEHHOTO CTOKa B T'OJJOBOM
CBHUJIIETEIILCTBYET O CYIIECTBEHHOM W3MEHEHUH YCIIOBHH €ro (OpMHPOBaHHS B pe-
3yJbTaTe POCTa MOA3EMHOMN M CHMKEHHS MMOBEPXHOCTHON COCTABIISIFOINNX, & TaKXKe O
3HAYHUTENILHOM TIOBBIIICHUU €CTECTBEHHOH 3aperyIMpOBaHHOCTH CTOKA.

Ha npeoGnapatomieid 4acT TeppUTOPUN CTPaHBI TOJIOBOI CTOK PEK B IMOCIEN-
HUE JECATWICTUS TpeBbicHI HOpMy. HamOonee 3HaumTenbHOE yBenudenue (Ha 15—
40 %) nabmoganock Ha pekax 3ananHod yactu ETP, neBobepexHbIx nputokax Bom-
ru, Oonbieit yactu Oacceiina Kampl, a Takke Ha pekax, CTOK KOTOPBIX (hOpMHPYETCS
Ha BOCTOYHBIX CKJIOHAaX Ypanbckux rop (mputoku Tobona u Upteima). [loBeimieHHas
BOJHOCTb OTMeYaJIach TAaKXKe M Ha 3HAYMTEJIbHOM vacTh Oacceiina JIeHbl, 0COOEHHO B
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nocneanee aecsaruierne XX croierusd. Bmecte ¢ teM Ha Teppuropun PO Beigengercs
PETHOH, I'Zie B NOCIEAHNE NECITUIETHs HaOII01aI0Ch CYIIECTBEHHOE CHUKEHUE BOJI-
HOCTH — 3TO Oaccelinsl BepxHeit O0u n UpTteima. ['ogosoit ctok O6u y r. Konmamreso
yMmenbimics Ha 18 %, a BogHocTh mputokoB O6u BoIe r. Konnameso — Ha 5-22 %.
HesnauutensHoe yMeHbIIeHHE CTOKA (~ 5 %) MPOM30LUIO B 3TOT NEpUO] U B Oacceii-
HE BepxHero EHuces.

Pe3ynbTaThl OLIEHOK OJTHOPOJHOCTH PAZOB T'OJIOBOTO CTOKA PEK, OIIEHOK 3HAUH-
MOCTH MX TPEHJOB 3a pa3lU4yHbIC IEPHOABI HE JAIOT OCHOBAaHUM TOBOPUTH O HATMYUU
HampaBJICHHBIX M3MEHEHWH B MHOTOJETHHX KOJICOaHHUSIX BO300OHOBISIEMBIX BOJHBIX
pecypcoB. XoTs Ha (hoHEe HAOJIOJAIOIIET0Cs CO BTOPOW mojioBuHbI 1970-X rr. moren-
JieHus1 Ha OOoJbILEH YacTH CTpaHbl MPOM3OIUIO YBEIMUCHHE BOAHOCTH, a JUIS OTACIb-
HBIX KPYNHBIX PETHOHOB BEChbMa 3HAYMTENIFHOE, BCE ATH U3MEHEHHs ITOKa HE IPOTH-
BOpEYAT TMIOTE3€e CTAIMOHAPHOCTH BPEMEHHBIX H3MEHEHHUH PSAZ0B TOJJOBOTO CTOKA.

Jlnst BBISIBIEHMSI IPUYUH COBPEMEHHBIX M3MEHEHUM BOJHOTO pexxuma pexk ETP
1 JETAIBHOIO aHaIN3a 0COOCHHOCTEH MPOLECCOB TMAPOIOTHYECKOT0 IIUKJIA ObUIN HC-
TTOJTH30BAHBI JaHHBIE ceMu BoaHOOamancoBbix cranmuii (BBC). ITo Bcem BBC co BTO-
poif monoBuHBI 1970-X IT. OTMeuaeTcs 3HAYUTEIbHOE YBEINYEHHE TOJOBBIX CYMM
0CaJIKOB. YBEJIMUYEHHE YBIAKHEHHOCTH MPOUCXOAMIO Ha (POHE CYIIECTBEHHOTO MOTe-
IUIEHUS 3MMHETO U BECEHHET0 Ce30HOB. B pe3ynbrare HMOBBILICHUS TEMIIEPAaTYPhl BO3-
JyXa XOJOJHOTO Ce30Ha yYaCTHIIUCh 3UMHHUE OTTEMENH, a MPOMEP3aeMOCTh MTOYB CTa-
Ja MeHbIIe. DTO SBWJIOCH MPUYMHON TOrO, YTO 3HAYMTENBHAsT 4acTb CYOPMUPOBAB-
LIelcsl BO BpeMs OTTeNesIeld M BECEHHEro CHETrOTasHHs BOABI MOLUIA HAa YBEJINYEHHE
BIIQYKHOCTH JIEATEITHLHOTO CJIOS MOYBBEL. B CIIOXUBITIEHCS cO BTOpO# moMoBUHEI 1970-
X IT. THAPOMETEOPOJIIOTHIECKON CUTYyallMH OBbLIM CO3[aHbl OJaronpusTHBIE YCIOBUS
U1l MHOUIBTPAIMOHHOTO NMHUTAHHUS MOA3EMHBIX BOJ, B pe3yJbTaTe Yero 4eTKo 00o-
3HAYMIIACh TEHJEHIUS K TOBBIIICHUIO MX YPOBHS. YBEIWYECHHE 3aIIacoB IMOJ3EMHBIX
BOJI TPUBEJIO K BO3PACTaHUIO MOJ3EMHOI0 MUTAHUS PEK U 3HAUUTEIBHOMY POCTY MX
MeXeHHOro ctoka. Cnenyer 0co00 MOIYepKHYTh, YTO 3TH BBIBOJIBI OTHOCATCS K CTOKY
PEK, IPEHUPYIOLINX OCHOBHBIC BOZOHOCHBIE TOPH30HTHI.

B pesynbprare aHanmm3a AMHAMUKW TOJOBOTO CTOKA OCHOBHBIX PEK CTPaHBI B UX
3aMBIKAIOLIMX CTBOpaxX (Al PeK, CTOK KOTOPBIX CYIIECTBEHHO HapyIIeH BIMSHUEM
XO3AHCTBEHHOW [ESTENbHOCTH, HCIIOIb30BAJINCh €0 BOCCTAHOBJICHHBIC 3HAYCHUS)
OBUTO YCTaHOBJIEHO, YTO Ha OOJIBIIMHCTBE peK BOIHBIE pecypchl B 1978-2005 rr. O5I-
7 BhIIe HOpMBL. Haunbonee 3HaYMTENBHO B STOT MEPUO] YBEIHYUIACH BOTHOCTD
Hapesr (Ha 37 %), 3amagHoii J[Bunbl (Ha 22 %), Boarum (Ha 14 %). Umeer mecto
TPEHA YBEJINYEHHUs] BOIHBIX PECYpPCOB KPYNMHEHIINX POCCHHCKUX PEK, BIAJAIOLINX B
Cegepunriit JlenoButsiii okean (CJIO). Ha puc. 2 mokazana nuHaMHKa TOAOBOTO MPU-
Toka 3Tux pek B CJIO, a Ha puc. 3 — ero otknonenus B 1978-2006 rr. oT cpeanero 3a
MpeecTByommid MHOToNeTHHN niepro (1936—1977). Kak cnexyeT u3 3THX JaHHBIX,
3a 1978-2006 rT. TONBKO B YEThIpeX rojax MPUTOK OB MEHbIIE, YeM B CPETHEM 3a
MIpeIIIECTBYIOIINN MEPHO/, a B Te€UEHHE TIocIeIHUX 19 JeT OH mpeBbIIai HOpMy.
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Puc. 3. Otxionenus npuroka poccuiickux pex B CJIO B 1978-2006 rr. oT cpeanero 3a
TpeINIeCTBY MMl MHOTONETHHUIT epHro (KM'/To;1)

B cooTBercTBUM ¢ HMeIOIIMMECA K HacTosmeMy BpeMenu oueHkamu (MI'OUK,
2007) B mepBoit nonoBuHe XXI crometus HanmbOoee BEPOSTHO AalbHEHIIee CymecT-
BEHHOE U3MEHEHHE KJIMMaTHUYeCKUX YCJIOBHH B pe3ysbTaTe JalbHEHIIero pocta KoH-
LEHTPalny MAapHUKOBBIX Ta30oB B arMocdepe. Kimmmarndeckue cuenapum Oymymiero
pa3pabaThIBalOTCSA C WCIOJNB30BaHUEM MOJEel OO0Imel IUPKYISIUN aTMochepsl u
okeana (MOLIAO). [Ipu HamuuIMKu KIUMATHIECKUX CIICHAPHUEB JJISI OIICHKH BO3MOX-
HBIX U3MEHEHU BOJHBIX PECYPCOB M BOJHOTO pPEeKMMa PeK B HACTOsIIee BpeMs IpH-
MEHSIOTCS Pa3]INYHbIE METOINYECKHE TOIXOBI.

B ocHoBy peannzoBanHoro B I'TU mMeToguueckoro moaxona Noj0KeH CIeayro-
MU OCHOBHOW IPHMHIMII — OLICHKA BIIMSHHUS BO3MOXHBIX M3MEHEHUN KJIMMATa Ha
BOJIHBIC PECYPCHI M BOAHBINA PEXUM JOJDKHA 0a3MpOBATHCS Ha pe3yibTaTax AWarHos3a
MPOUCXOIAMMX Ha ()OHE COBPEMEHHOI'0 MOTEIJICHUSI KIMMaTa PErMOHAJIbHBIX H3Me-
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HEHMI CTOKA PEK U pe3ysbTaTax PacyeTOB CTOKA M OCHOBHBIX COCTABISIOMINX BOIHO-
ro OanaHca IpH BEPOSITHBIX KIMMATHYECKUX CLEHApUAX OyIyIlero, MojJydeHHBIX C
ucnoins3zoBanreM MOIIAO. s takux pacuetoB B I'TU Obuia pazpaborana BogHOOa-
JaHCOBask MOJAEJb C JEKaJHBIM pacyeTHBIM MHTEpBanoM BpemeHH (I'eoprueBckuii u
ap., 1996).

Ilpu nmpuMeHEeHUHN THUAPOJOTHUUECKUX MOJIETEH NIl OLIEHKU MOCJIEICTBUN KIIH-
MaTHUYECKHX U3MEHEHHH MPUHOUIIAAJIBHOC 3HAYCHUEC UMECT OIICHKA UX aACKBATHOCTH,
KOTOpasi MPOU3BOANIACH CeAyIomMM o0pa3oM. IlocKoibKy cO BTOpPOH IOJIOBHHBI
1970-x IT. Ha 3HAYUTEJBHON YaCTU TEPPUTOPUU CTPAHBI MPOUCXOAAT CYLIECTBEHHBIE
KITMMaT000yCIIOBJICHHBIE U3MEHEHHS BOJHOTO PEXHMa PEK, TO B Ka4eCTBE OTIOPHOTO
nepuoja, Mo KOTOPOMY NPOW3BOAMIACE KaTHOpOBKa MapaMeTpOB MOJEH, ObLT BbI-
Opan nepuon ¢ 1946 mo 1970-77 rr. JlanHbBIE 32 TIOCIETYIONINE TOABI UCTIOIH30BAIUCH
JUIsl IPOBEPKH HA HE3aBUCHMOM MaTepHase.

Ha mepBom sTame mpoBepka aJleKBaTHOCTH MOJEIH M €€ OTAENBHBIX OJIOKOB
MIPOM3BOJMIIACH IIyTEM PACUETOB BCEX OCHOBHBIX 3JIEMEHTOB TMAPOJIOIMYECKOTO IHK-
Jla IPUMEHHUTENHHO K BogocObopam BBC. BeimonHeHHbIE pacdeTsl MoKa3aiu, 9TO MO-
JeTTbHBIE PSIIBI DJIEMEHTOB THAPOJOTMYECKOTO LUKIA aJIeKBATHO OTPaKAIOT HAOIIO-
JAIOIINecs U, YTO OYCHb BaXKHO, HE HMEIOIIME aHAIOTOB B MPOLIJIOM UX COBPEMEHHBIE
HN3MEHEHUS — YBEIWYCHHUE 3a11acOB HOA3EMHBIX BOJ U POCT MEKEHHOTO CTOKA.

Ha nocnenyromemM stane McciaeqOBaHUM OLEHKA aJ€KBATHOCTH MOJENU IIPOU3-
BOJIWJIACH JUIA BOJOCOOPOB MPEUMYIECTBEHHO CPEIHUX PEK, PACIIOJIOKEHHBIX B pas-
JUYHBIX (u3MKO-reorpaduyeckux yciaoBusx. IIpuMEHUTENBHO K 3THM BogocOOpam,
BBHJly OTCYTCTBHUS CIIEIIMAIM3UPOBAHHBIX HAOIIOJIEHUH 3a 3JIeMEHTaMH BOJIHOTO 0a-
JaHca BOJOCOOPOB, MPOBEPKA MOJEIH OCYILIECCTBISUIACH IO COMOCTABICHUIO PACCUU-
TaHHBIX ¥ HAOIIOJICHHBIX BETMUYMH MECSYHOTO U TOJJOBOTO CTOKA.

OTCYTCTBI/IG CUCTEMATUYCCKUX HOFpeIHHOCTefI MOJACJIBbHBIX pacy€TOB CTOKAa U
X CYHCCTBCHHAA KOppeanusa C Ha6JHOI[eHHI)IMI/I 3HAYCHHUAMMU I103BOJIMJIIN CACIATH
BBIBOZA O NMPUMEHHUMOCTH JaHHOW MOJENHU Ul OLICHKH M3MEHEHHS BOJHOTO pEeXuMa
PEK IpU KIMMAaTHYECKHX YCIOBHUSX, OTIMYAIOLMIMXCS OT COBpeMeHHbIX. C HCIOiIb30-
BaHHEM pa3pabOTaHHOW MOJENH MPUMEHUTEIHHO K TeppuTOprun Poccuu OoreHKH BO3-
MO>KHBIX U3MEHEHUH BOJIHBIX PECYPCOB M BOAHOTO PEXKMMa OBUTH BBIIOJHEHBI JUIS
BOAOCOOPOB CPETHUX PEK, PACTOIOKECHHBIX B PAa3UYHBIX (PH3UKO-TreorpadhuIecKix
30HaX CTPaHBI, a 3aTeM 0000IIATNCh /IS OacceiHOB OonbIIMX peK. B kadecTBe BO3-
MOJKHBIX KIMMAaTHYECKUX YCIOBHUH OyAyIIETro HCIOJIb30BAINCH KIMMATHUECKHE Clie-
Hapuu, nonyueHHeie o MOIIAO (ECHAM4, GFDL-R15, CGCMI1, HadCM2,
HadCM3).

AHanu3 BBINOIHEHHBIX 10 MOACTIN YUCIICHHBIX SKCIICPUMEHTOB IMO3BOJIMII CHC-
JaTh BBIBOJ O TOM, 4TO AJsl Oosbliel yactu Tepputopun PD B nepBoii monoBuHe Te-
KYILEro CTOJIETHS CIIEAYeT OKUIATh YBEJIMYEHHs BOAHBIX pecypcoB. B kauectBe mi-
JIIOCTpal 3TOTO BbIBOJA B Ta6_HI/II_Ie MPUBCACHBI PE3YJIbTATBI PaCUC€TOB N3MCHCHUA
rogoBoro ctoka no cuenaputo HadCM3/A2 na yposens 2010-2039 rr. OtMeTnM, 4To
COTJIACHO pe3yJbTaTaM aHaju3a, BBHIIIOJHEHHOTO B pabdore (MemxkynuH u np., 2005),
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monenb HadCM3/A2 (wapsny ¢ monenpto ECHAMA4) Hanbonee aiekBaTHO BOCIIPOU3-
BOAUT HOPMBI CPEAHEMECSYHBIX 3HAYCHHUH TEMIEpaTyphl NPHU3EMHOIO BO3AyXa H
CYMMBI aTMOC(EpHBIX 0CaJIKOB JUIs TeppuTOopHn Poccum.

B cooTBeTcTBUM ¢ 3THM CIEHApHeM Ha €BPONEHCKON YacTh CTpaHbl HauOOJIb-
niee yBeJIM4YeHHEe CTOKa oxxkupaercs Ha Bonre u Ypane (9—-10 %), a Takxe Ha ceBep-
HBIX pekax (4-8 %). Ha pekax Oacceitna bantuiickoro Mopsi yBelwueHUEe CTOKa He-
3HaunTenpHo. CHMXeHne cToka 70 3 % okujaeTrcd Ha pekax Ioro-3armagHod 4acTu
ETP. Jlns BHyTpUTOAOBOrO paclpeesIeHUsI CTOKa XapaKTEPHO TTOBCEMECTHOE BO3pac-
TaHHWE 3UMHET0 CTOKA, a TAKXKE CMEIEHHE MTHKa TOJI0BObsI He 00Jiee paHHUE CPOKH.

Tab6n. 1.M3menenus rogoBoro croka pek Poccnu Ha yposeHs 2010-2039 rr. npu ximmartnde-
ckoM cueHapun HadCM3/A2

Hopma cToKa 3Mmenenune cToka
Pexa ’
MM MM %
ITeuopa 404 34 8
MeseHnp 355 19 5
CeBepHas /IBu- 305 12 4
Hega 279 5 2
JIvra 227 3 1
Juenp* 136 2 -1
Hecna* 124 —4 -3
Jon* 72 -2 -3
Boara 183 17 9
Ypan* 43 4 10
O6p 135 4 3
Enuceit 244 16 6
Jlena 214 24 11
Onenek 169 15 9
Slna 129 11 8
Muaaurupka 149 16 11
Kouabsima 197 15 8

* Poccuiickas yacTbh Oacceiina.

Ha a3marckoil yacTu cTpaHsl JUId pacCMAaTpUBAEMOI0 KIMMAaTHYECKOTO CIIEHa-
pHsl OKHIAeTCsl yBeIMUEHHE T'OJOBOTO CTOKA apKTHieckux pek Ha 3—11 %. Haubosns-
1ee OTHOCHTENFHOE yBENWYEeHHEe CTOKa oxupaercs Ha Jlene m Muawrupke, a Han-
MeHbliee — Ha O6u. B cpeanem mo pekam CuOupu OXHIaeTcsi BO3pacTaHUE CTOKA
Ha 7 %.

[lonmy4yeHHble pe3yabTaThl YKa3bIBAOT TAKXKE Ha OOJBIIYI0 YyBCTBUTEIBHOCTh
BHYTPUI'OIOBOTO PACIIPENEICHUS CTOKA K U3MEHEHUSIM TEMIIEpaTypbl U ocaakos. IIpu
3TOM OYEHb Ba)KHA HE TOJBKO BEIMYMHA 3TUX U3MEHEHMH, HO U TO, B KaKU€ CE30HBI U
MECSILbl OHU MPOUCXOIAT. B 3aBUCUMOCTH OT 3TOr0 ONPEACISIIONIYIO0 POJIb MOTYT HI-
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paTh Kak OCaJKH, TaK U TeMiepaTypa Bo3ayxa. OxkumaeMoe CyLIECTBEHHOE MOTerie-
HHE B XOJIOJHBIN MEPUOJI T0/1a MPUBEIET K MOBBIILICHUIO HA 3HAYUTEIBHON YacTH Tep-
PUTOPHU CTPaHBI 3UMHETO CTOKA B PE3yIbTATEe YBEIWUCHHS YaCTOTHI M MHTCHCHBHO-
cTu orremneneil.lI3aMeHeHnsT MakCUMaabHOTO CTOKA OMPEAEISIOTCS LM KOMIUICK-
coM (paKTOPOB — BEIMYMHOW CHEro3aracoB K MOMEHTY YCTOMYMBOTO TEPEX0/a TeM-
nepaTypsl Bo3ayxa uepe3 0 °C, mpoMep3aHueM U BIXXHOCTBHIO MOYBBI K Haualdy CHe-
TFOTasiHUSL, KOJIMYECTBOM OCAJIKOB B IIEPHOJI MTOJIOBOABS U Ap. B 3aBUcUMOCTH OT coue-
TaHUS 3THX (PAKTOPOB B UCIOJIB3YEMbIX KIIMMATHUCCKUX CIICHAPUSIX HAUOOJBIINE Me-
CSYHBIC PACXOJbl BOJBI B MEPUOJ BECEHHEIO MOJOBOJbS MOTYT KaK yBEIMUHUBATHCS,
TaK U yMEHbLIAThCSI.

Ha ocHoBaHMM BBITIOJIHEHHBIX UCCJIEAOBAHUN MOXKHO C/I€JIaTh BBIBOJI: B MEPBOM
MOJIOBUHE TEKYIIETO CTOJICTUSI HET OCHOBAHMI 0XKHJIaTh KAKOT0-JIMOO yXYIIICHHS BO-
JI000ECIIEYeHHOCTH HaCEJICHHSI 1 DIKOHOMHUKHU Ha TPeoOIaatoleil 4acTu TeppUTOPUU
Poccun.Bmecte ¢ TeM Ha OCHOBE aHaM3a Pe3yJbTaTOB MOACIUPOBAHNS OBLI BBISBIIC-
Hbl PErHOHBI, TJIC OTMEYACTCS OYCHb OOJIbIIAs HEONPEICICHHOCTh B OIICHKAX BO3-
MOXHBIX B MEPCIEKTUBE MU3MEHEHUH CTOKA. DTO OTHOCHUTCS K IOTO-3alaJHOM 4acTH
ETP, Brirouaromeit 6acceitn JloHa u poccuiickyto yacTs Oaccelina JlHerpa, a Takxke K
BepxoBbsM Mpthimra u O6wm. Ilo psigy crieHapueB 3/1€Ch MPH MOBLIIIICHAH TEMIIEPATy-
PBI BO3AyXa OXKUAACTCSI YMEHBIICHUE BOJIHBIX PECYPCOB.

BriBoAbBI

OCHOBHOH OCOOEHHOCTHIO COBPEMEHHBIX KIIMMAaTOOOYCIOBICHHBIX U3MEHECHUM
BOJIHOTO PEXMMa peK Ha MpeoOnafaromieil 4acTu TEPPUTOPUH CTPAHBI SIBISIETCA CY-
LIECTBEHHOE yBEIWYEHUE B nocieanue 25—-30 neT BOOHOCTH B MEKEHHBIC MEPUOIbL,
0co0eHHO B 3UMHHUE Mecsllbl. B mpeaenax KpynHbIX peruoHoB Poccun uist 60mbIInH-
CTBa PAaCCMOTPEHHBIX PEK OTMEYAIOTCs 3Ha4MMble (MPH YpOBHE 3HAUUMOCTH 95 %)
MIOJIOXKUTEJIbHBIE TPEH/Ibl YBEIUUEHHUS CTOKA 3UMHEH U JeTHe-oceHHeld mexeHu. Ha-
Oroaromascs JUisi OOIIMPHBIX TEPPUTOPUI «CHHXPOHM3ANND» N3MEHEHHH MEXEHHO-
ro croka (0OCOOCHHO 3MMHET0) M MacITaObl 3TUX M3MEHCHUMN SBISIOTCS HEOPAUHAP-
HBIMH U HE IMEIOT aHAJIOroB B XX CTOJETHH.

s pex roro-3amagroro pernona ETP u npuMmeikaromiel kK HeMy 9acTu 6accei-
Ha Boarn IMPOUCXOJNIIN U3MCHCHUS B T€HE3UCC UX IMUTAHUA, O6yCJIOBJ'ICHHI)I€ YMCHb-
LIEHUEM BECEHHETO CTOKAa M YBEJIMYEHHEM MEKEHHOT0. DTO MPHUBEJO K 3HAUYUTEIBHO-
My YBEJIWYEHHUIO €CTECTBEHHOW 3aperyjJMpOBaHHOCTH CTOKa, IO CBOEMY MaciuTaly
COIIOCTaBMMOMY C BIIMSIHEM BOIOXPAHWIWII CE30HHOTO perynupoBanus. Ha mpeoO-
JafaroUe YacT TEPPUTOPUH CTPaHbl TOAOBOH CTOK pPeK B MOCIEIHUE AECATUIETUS
IpeBbICHI HOpMY. BMecTe ¢ TeMm BbISBIEHHBIE Ul OTAEIBHBIX KPYIHBIX PETHOHOB
CYIIIECTBEHHBIE TIOJIOKUTEIbHBIE AHOMAJIMU TOJIOBOTO CTOKA PeK MOKa He Jar0T OCHO-
BaHUA ACJIATh BBIBOA O HANMPABJIICHHBIX CUCTEMATUYCCKUX U3MCHCHHUAX B MHOT'OJICTHUX
KoJIeOaHUSIX MX BOAHBIX pECypcoB. Pe3ynbTaThl CTaTHCTHUECKHX PACUeTOB CBH/EC-
TCJIBCTBYIOT O TOM, YTO MNPOUCXOIAAIINE U3MEHCHHA HAXOIATCA B Ipe€aciaX €CTECT-
BEHHOW U3MEHYUBOCTH.
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C yderoM HaOIIOAAIOMIKMXCA H3MEHEHUH BOJAHOCTH PEK Ha (pOHE COBPEMEHHOTO
MOTEIUICHNUS KJIMMAaTa U Pe3yJbTaTOB MOAEIMPOBAHUS CTOKA, BHIIIOJHEHHBIX IPU pa3-
JIUYHBIX KJIMMAaTHUYECKUX CIEHAPHSX, HanboJiee BEPOSITHBIM B OJIMOKaHIIIne JecsaTuiie-
THUS SIBJIAETCS yBEJIMUYEHHE TOAOBOTO CTOKa pek OacceliHa CesepHoro JlemoBuroro
okeaHa u OacceitHa Bonru. Bmecte ¢ TeM BbisiBiieH Hanbolee mMpoOIeMHBIN, ¢ TOYKH
3pCHUS TIEPCIIEKTHBHOW BOJO0OECIICUCHHOCTH, PErHMOH — [oro-3amanHas dacte ETP
(baccetin [lona u poccuiickas yactb OacceiiHa /IHenpa). BelmonHeHHbIE pacdeTsl mo-
Ka3ajH, 4TO JUIA psifia KIMMaTHYECKUX CLieHapueB B mepBoil monosuHe XXI B. 3aech
MOJKET NMPOU30MTH CYLIECTBEHHOE CHI)KEHUE BOJHOCTH. BecbMa BepOATHO, yUUThIBAS
COBpPEMEHHBIE TEHACHIMH BOAHOCTH, M YMEHBIICHHWE B OJIM)KalIInde AeCATHIIETUS
BOJIHBIX PECYPCOB B BEpPXHHUX YacTsax OacceiinoB O6u u UpThima.

PaGora BeInosHEHa npu (GUHAHCOBOW momaepxkke Poccuiickoro donma ¢pyHma-
MEHTAJILHBIX UccienoBanuii (mpoekt Ne 07-05-12085-o¢m).

Summary

The results of studies carried out indicate that the essential increase in the water
content in low-flow periods, especially in wintertime is the basic feature of modern
climate-dependent changes in water regime of the rivers in the most part of Russia.
The significant positive trends of winter and summer-autumn runoffs are observed for
the majority of the considered rivers in the big regions of Russia.

The annual river runoff has exceeded the standard rate in the greater part of the
country for the last decades. At the same time the statistical results testify that changes
occurring in water resources are within the range of natural variability.

In view of the changes observed in the river runoff during modern climate
warming and the results of runoff modelling done by the authors and other researchers
under various climatic scenarios, the increase in the annual river runoff is most likely
to happen in the basins of the Arctic Ocean and the Volga river in the nearest decades.
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KitoueBsie cnoBa: baiikan, riobanbHoe MoTemieHHe, TeMIlepaTypa BOAbI U BO3-
QyXa, JIEAOBBIE MPOLECCHl, PEUYHON MPUTOK, 0KHuaeMble n3MeHeHus: B X XI cronerunu,
KJIIMMaT U JUHaAaMHKa paCTBOPEHHOT'O KPEMHMUA.

Batikan, pacnionosxeHHbIi Ha 456 M Hall ypoBHeM Mopst B Boctounoit Cubupu, —
camoe ray6okoe (1642 M) n HaubomblIee o 06beMy BOA (23615 KM®) IIpecHOBOIHOE
o3epo Ha 3emute. O3epo mpocTupaercs Ha 636 KM ¢ F0T0-3amaja K CeBEpO-BOCTOKY, €T0
cpennsisi mupuHa 49 kM. [logBoaHBIE TOAHATUS JHA Pa3JENAOT KOTJIOBHHY Ha TpHU
rMaBHBIX OacceliHa: IOKHBIA (MakcuManbHas TinyOumHa 1461 M), UeHTpaJIbHBIA
(1642 m) u cesepnsrii (904 M) (cM. Tabnwiy). bonbimast TepMudeckass WHEPIUS BO/I-
HBIX Macc OKa3bIBaeT yMepsiolllee BIUsSHUE Ha MecTHbIN kinumar. B 1996 r. baiikan
obu1 00bsBieH Opranmzauneii O0beanHeHHbIXx Hammii yuactkom MupoBoro Hacie-
THSL

I'mob6ansroe motermenne B XX cronerun (IPCC, 1995) compoBoxnanocs u3-
MEHEHUSIMH THAPOJIOTMYECKUX YCJIOBHH B HEKOTOPBHIX Oonpmmx o3epax EBpombl u
CeBepHoii Amepuku (Magnusson etal., 1997; ®umaros, 1998; Gronskaya et al.,
2002). Panee ans pa3iMyHBIX BPEeMEHHBIX MHTEPBAJIOB OBUIM BBISBJICHBI CYIECTBEH-
HbIC M3MEHEHUSI KIIMMATa M OTJENbHBIX THIPOJIOTHUECKIX XapaKTEPUCTHK Ui 03epa
Baiikan, pacnonoxennoro nmouytu B mieatpe EBpasum (BepbomoB u mp., 1965; Ada-
HackeB, 1967; Shimaraev et al., 1994). /laHHbIe HHCTPYMEHTAILHBIX HAOIIOACHUN 3a
TemnepaTypoid Bo3ayxa (¢ 1896) m nemoBeiMu siBieHusMu B IOkHom baiikane (c
1868) Tak e, kak MH(pOpPMALIKA O €XKETOTHOM BOJHOM NPUTOKE B 03epo baiikam (c
1901), MO3BONSIOT paccMaTpUBaTh KIMMATHYECKOE BIMSHUE HA THIPOIOTHYECKHUE
mporiecchl Ha npoTsbkerny nocienaux 100 net (Lumapaes u ap., 1994, 2002a,6).
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Tab6sn. 1. HoBsle Mopdomerprueckne nanuble o3epa baiikan (Sherstyankin et al., 2003)

HOxHbIH LentpanbHblil CeBepHbIit Bce o3epo
Oacceitn Oacceitn Oacceitn

MaxkcumanpHas TIyOuHa, 1461 1642 904 1642

M

CpenHsist TmyOnHa, M 853.,4 856,7 598.,4 744.4

[Inomaas MOBEPXHOCTH, 7432 10600 13690 31722

2
KM
O6beM, KM 6342,7 9080,6 8192,1 236154

OO0muit xapakTep U3MEHEHHs TeMIepaTypsl Bo3IyXa Ha baiikane cooTBeTCTBO-
BaJI X0y TMI00anbHON Temmepatypsl (puc. 1), ¢ yBenndenuem ¢ konmna 1910-x mo ce-
penuHBI CTONIETHA, YMEHbIICHHEM K Hayany 1970-x u Hanbosiee CylecTBEHHBIM MO-
BBHIICHWEM K KOHIly CTOJNIeTHs. TpeHNl TOJOBBIX TeMIlEpaTyp B palioHe o3epa
(+1,2 °C/100 net) Ol BABOE BBINIE cpeanero i 3emiun tperaa (+0,6 °C/100 ner).
Cratuctuueckuil aHaIn3 MOKa3all HAIMIHE KPOMe KPaTKOBPEMEHHBIX (2—7 JIeT) TakxKe
JUTMTETIbHBIX BHYTPUBEKOBBIX (0K0J0 20 JIeT) HUKIOB, ¢ BHIpaXCHHBIMHU (pazaMu yBe-
anyeHus u yMmeHblieHusa. B XX Beke BeIAENSAOTCS ABa NONHBIX nukia (1912—-1936 u
1937-1969) u ¢a3er AByX HEMOIHBIX IUKIOB (yMeHbHIeHne oT 1896 k 1911 u yBenu-
yerune nocie 1970). ®aza yBenudeHHs B KOHIE CTOJNETHS OTJIMYalach aHOMalIbHO
OOJBIION TIPOAOIDKUTENFHOCTEIO (25 IET) W POCTOM TemIeparypsl Bo3ayxa (Ha
2,1°C).

CratucTHYecKH 3HaYMMasi TeHACHIHS MOBBILICHHUS TEMIIEPaTypsl Bo3ayxa B XX
CTOJIETHH ObLTAa XapaKTepHa Jis OOJIBIIMHCTBA ce30HOB Ha baiikane (puc. 2). Ee 3nHa-
YeHHsI 3UMOM, BECHOW W JieToM ObuT paBHBI cooTBeTcTBeHHO 2,0; 1,4 m 0,8 °C 3a
100 er. Cmabast mosjoxkutenbHas TeHAaeHIMsA B TedeHue ocenm (0,5 °C) okazanach
CTaTUCTUYECKU HeHae)KHOU. Cpe/ii OTAETHHBIX MECSIIeB MAaKCUMAaIbHOE MOBHIIIICHHE
TEMIIEpaTypsl BO3Ayxa 3a croierue (2,2-2,3 °C) npuxoannoch Ha AeKaOpb U SHBAPb,
muauMansHoe (0,2—0,4 °C) — Ha aBTyCT, CEHTAOPh U OKTSIOPb.

BHyTpHBeKoBas HUKIMYHOCTH OTMEUYEHA BO BCE CE30HBI I'0/ia, HO OJIM30CTh Xa-
PaKTEPUCTUK LUKIJIOB (MPAaHMULBI U MPOAOJIKUTEILHOCTH LUKJIOB U MX (a3) coxpaHs-
JIach TOJBKO IIJIS TOJIOBBIX, BECEHHUX M JIeTHUX Temrepatyp. C Hagana 1970-x mo ce-
penunbl 1990-x rr. Temneparypa Bo3IyXa HOBBIIIATACh 3aMETHO BO BCE CE30HBI TOJIA!
B cpexnem Ha 3,5 °C 3umotii (Ha 4 °C B sHBape u deBpane) u va 1,3; 1,5 u 1,0 °C co-
OTBETCTBEHHO BECHOH, JJETOM M OCeHbI0. [loTeruieHue B 3UMHHUE MECAIbl B TCUCHUE
9TOTO NEPHOAA, KaK M Ha MPOTSDKEHUH BCETO CTOJIETHS, BHOCHIIO HanOoJee 3aMETHBIH
BKJIaJl B YBEJIMYEHUE CpPEIHEH TOAOBOW TeMIlepaTyphl Bo3Ayxa. MOXKHO IMpearono-
XKHTh, 4TO (ha3a pocTa TeMIEpaTypsl B IOCICAHEM BHYTPUBEKOBOM LIMKJIE CMEHIIIACH
¢ cepeaunbl 1990-x azoii ee moHmxkenus. Takas TEHACHIUS 3aMETHA B M3MCHECHUU
TOZOBOW TEMIIEPATyPhl U TEMIIEPATYPHl OCEHBIO M 3UMOH. B TeueHue Terbix ce30HOB
(BecHa W JIeTO) TeMIIepaTypHOE MOBHIIIEHHE COXPaHsIoch A0 2004 r. (cM. puc. 2).
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Puc. 1. 10-neTHHEe cKONb3dIIME 3HAYEHUSI U TPEH T'OI0BOM TeMIepaTypsl Bozayxa B IOxHOM
Baiikane (73, 1) u rnobansHol Temneparypsl (T, 2)
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Puc. 2. 10-neTHHE CriIakKeHHEIC 3HAUCHUS 1 TpCHA TEMIIECPATYPhl BO3AYyXa Ha CTAaHIIUN
Ba6yIHKI/IH B OTACJIBHBIC KIIMMAaTUYCCKHUE CC30HEBI roaa

CraenctBueM Ii100anbHOTO MOTEIUIeHU B XX CTONETHH OBUIO MOBBILICHUE TEM-
neparypbl NOBEPXHOCTHBIX CJIOEB BOAbI, TCCHO CBA3AHHOC C USMCHCHUEM TEMIICpATY-
pot Bozayxa (Lumapaes, JJomeimera, 2002; Tpounkas u np., 2003). 3a nocieanue
50 net cpenHss 3a Mail — CEHTAOPb TeMIlepaTypa HOBEPXHOCTH BOABI CHayasla He3Ha-
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YUTENBbHO MOHMKanach oT 1950-x k 1970-m rogam, a 3aTeM pe3ko Bo3pacTaia K cepe-
quHe 1990-x rr. [loeimenue Temneparypsl Boasl B 1970-1995 rr. B cpenneil u ce-
BEPHOH YacTsX 03epa MPOUCXOIMIO ObICTpee, YeM B I0XKHOW (COOTBETCTBEHHO Ha
0,54-0,60 u 0,25-0,35 °C 3a 10 ner). Temmeparypa HOCIEIHETO, CAMOTO TEILIOTO JIe-
catuieTust B XX CTOJETUH IpeBbicuiia TeMiepatypy B 1964-1975 rr. na 0,9-1,5 °C B
rokHOM M Ha 1,8-2 °C B cpefHel u ceBEpHOM JacTax 03epa.

Paznuune mMexaHM3MOB Nepeiauu TeIula OIpeJieNsieT pa3Hylo peakiiio BepXHe-
ro (go rryOunsl 300 M) 1 rITyOMHHOTO €i10eB BOJBI 03epa baiikan Ha KIMMaTHYECKHe
m3menenus (Llumapaes, 1996). TemnepaTypHast KOHBEKIIMS B BEpPXHEH 30HE W JUHA-
MHYECKHE TPOLIECCH 00ECTIEYNBAIOT OTHOCUTENBHO OBICTPBIN TEIMII0OOOMEH €ro BOJ,
MO3TOMY MEXTOJIOBbIE U3MEHEHHs CpEIHEH 3a TeIulblid mepuox (Mail — ceHTAOph)
TeMIepaTypsl BOJbI Ha moBepxHOCTH U B cioe 0-300 M okazbiBaroTcst Om3ku. Coot-
HOIIIEHHE MeXIy cpemnell temmnepaTtypoi cios 0-300 M u 7 XOpOIIO ONMUCHIBAETCS
smnupudeckorr mojenbio B. U. Bep6onosa (Bepbosor u ap., 1965). Ilpumenenue
3TO MOJAENU U 3aBUCUMOCTU MEXAY 1 U TEMIEPATYPOU BO3AyXa MO3BOJSET BOCCTA-
HaBJIMBATh TEIJIOBBIE XapaKTepUCTUKN baiikana 3a roJibl OTCYTCTBHUS PETYISAPHBIX U3-
MepeHuid TemnepaTypsl Boabl (10 1940 r.). Pe3ynpraTel Takux peKOHCTPYKUUH
(puc. 3) yka3bIBalOT Ha MOJOXHUTEIBHYIO JOJITOCPOYHYIO TEHACHLHIO B M3MEHCHHU
TeMIepaTypsl BOABI B TEIUTYIO YacTh roaa B KOxxnom baiikane mo rmyOunsr 300 M, a
BO3MOkHO, 1 500.
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Puc. 3. Cpennsis 3a Maii — OKTSIOph Temreparypa Bo3ayxa (1), moBepxHocTH BOIBI (2) 1 CIIost
0-200 ™ (3, paccunrannsie 3Hadenus1) B IOxunom baiikane

Temmnepatypa BojibI TiIyOuHHOMN 30HKI (HIKe 300—500 M) U3MEHsETCS TJIaBHBIM
00pa3zoM MoJ BIMSHUEM ABYX MPOLECCOB: TypOYJIEHTHOH Mepeaayn Teria OT BEPXHUX
CJIOEB W TIyOWHHOW TeMIlepaTypHOW KOHBEKIIMM BECHOH M B Hadaje 3WMBI, KOTOpas
BeneT K oxnaxaeHnto ee Boj ([llumapaes, ['panun, 1991). AKTHBHOCTB ATHX pa3HBIX
[0 HaINpaBJIEHUIO MIOTOKOB Terla ciiabo cBs3aHa C TemI00OMEHOM Ha MOBEPXHOCTH H
3aBHCHUT B OCHOBHOM OT IMHAMUYECKOr0 BO3IACHCTBHSI aTMOC(EPhl Ha BOAHYIO TOJILILY.
0O6a MoToKa MOTYT OTJIMYAThCS 110 BEIMYMHE B PA3HBIE TOJBI, HO KOMIIEHCHUPYIOT APYT
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Ipyra B poiarocpoyHoM acmekte. Jonrocpounsie HaOmoaenus (1971-1990) obnapy-
JKUBAIOT B TIIYyOMHHOH 30HE CE30HHBIE M MEXTOJIOBBIE KOJeOaHHs Temreparypsl (5—
7 net) ¢ ammumtyaoi 0,05-0,07 °C 0e3 TeHAeHUUU 00j€€ IMTEIBHBIX H3MEHEHUI
(ILInmapaes, 1996). Takum oOpazoM, pe3ynbTaTbl HAOIIOJCHUH U PacueTOB MOKAa3bl-
BAIOT MOCTENEHHOE YBEJIMYEHUE BOJHOM TeMIlepaTyphl B BEPXHUX closx balikama B
TEIUIOM IOJYIOJMH Ha MNPOTSLKEHMM XX B. IMPU COXPAHEHHM OTHOCHUTEIBHOM cTa-
OMJIBHOCTH TeMIepaTyphl B TITyOHMHHOW 30HE 03€epa.

OcHoBHass 0cOOEHHOCTh W3MEHEHUH MPHUTOKA BOABI B TEUEHHE CTOJETHUS — €T0
YBEJTMUEHHE 110 Mepe MOTEIUICHHs KIIMMAaTa ¢ TpeHaoM okoio 300 m’/c 3a 100 mer
(puc. 4). Poct mpuTOKa mpW MOBBIIIEHUH TOAOBOM Temmepatypsl Bo3ayxa Ha 0,1 °C
coctaBiusieT ~ 1,5 % OT ero MHOTOJIETHEr0 3Ha4EeHUs. JTa BEIWYMHA OJNH3Ka K aHAJO-
rugyHoMY K03 duiuenTy (2 %) Ai1st CyMMBI JIETHHX U OCEHHHUX aTMOC(EPHBIX 0CaIKOB
B TIPWJIETAIONINX K 03epy paiioHax 3abaiikanbs (I'poiicman, 1981). OTHOmEHNS BHYT-
PHBEKOBBIX IIMKJIOB TEMIIEPATyphl BO3/AyXa M BOAHOTO MPHUTOKA UMEIOT 0OJee CIIOXK-
HBII Xapaktep. Kak u aj1st Temneparypsl Bo3ayxa, B M3MEHEHHH PUTOKA BBIAEISIOTCS
BHYTPUBEKOBBIE IIUKIIBI MPOAOKATENBHOCTRIO 20—28 et (1904-1929, 1930-1958 u
1959-1979) u HenonHbIA UK, HaunHaromumics B 1980 r. [Ipu cpaBHeHUH UX C K-
JaMu Temrmepatypsl 1o 1970 r. oOHapyXuBaeTCsl X sSBHAs MPOTHBO(A3HOCTh: (aze
MOBBIILICHNS (TIOHWXEHHUS) OIHOTO M3 MAapaMeTPOB COOTBETCTBYET IMPOTHBOIOJIOKHAS
o 3HaKy ¢asza Apyroro. ITO SBIECHHUE, BEPOSITHO, BHI3BAHO BHYTPUBEKOBOW LMKINY-
HOCTBIO TPOIIECCOB 30HAJIBHOIO 3alaJHOr0 MEepeHoca BO3AYIIHBIX MacC B TEIUIYIO
4acTh rojia, B KOTOPYI0 arMoc(epHble ocaaku odecneunBaroT npubausurensHo 80 %
OT TO/IOBOH CYyMMBI IIPUTOKA BOABI B 03€po. MHTeHCHHUKALKSA 3TUX MIPOLECCOB yBe-
JMYMBAET KOJIMYECTBO OCAJKOB M YMEHbBIIAET TEMIEpaTypy BO3AyXa, B TO BpeMs Kak
ociabyieHNe yCHJINBAaeT KOHTUHEHTAIBHOCTh KIMMAaTa, CIOCOOCTBYSI POCTY TeMIepa-
TYPBl U YMEHBLICHUIO aTMOC(HEPHBIX OCAJKOB U MPHUTOKA BOJBI B 03€p0. OTa TEH/IEH-
s ObUTa HapylIeHa B KOHIE cTojeTns: B Tederne 1980-x rr. Bo3aymHas Temmnepary-
pa ¥ OPUTOK OJAHOBPEMEHHO YBEJIMYMINChH, BEPOSITHO, U3-32 U3MEHEHUS THIIa aTMO-
cdhepHOIl IUPKYISAIUU B perHOHe OacceiiHa o3epa.

IToTerienre BBI3BANIO «CMSTUYCHHE» JICMOBOM OOCTAaHOBKM Ha o3epe baiikan
(puc. 5). Haunnas c cepenunbl XIX croneTus 3amep3aHHe HAcTymajo BCe TO3XKe, a
BCKpHITHE 03epa OTO Jbaa — paHbie (Bep6onos u mp., 1965; Magnusson et al., 2000).
B 18962000 rr. Tpern cpoxo 3amep3anus (11 mueir 3a 100 yeT) mpeBbICHI TpeH
CpOKOB BCKpBITHS (7 mHel) m3-3a Oojee akTUBHOTO MOTEIJICHWS B KOHIIE OCEHU —
Hauvane 3uMkI (1,6 °C 3a 100 netr B HOsI0pe — nekabpe) o CpaBHEHHUIO CO BTOPOIl TO-
nosuHOM BecHBI (0,9 °C B ampene — Mae). [IpogomKuTeTsHOCTh 0€37IeHOTO TTeproIa
yBEJIMYMIIACh, @ MEPHO/Ia CO JBJIOM COKpaTHJIach COOTBETCTBEHHO Ha 18 cytok. Co-
riacHo HaOmoneHusM 1950-2000 rr. MakcuMallbHas TOJIIWHA JIbJIa YMEHBIIANAch B
cpenHeM Ha 2.4 cm 3a kaxnaple 10 ner. CKOpocTh W3MEHEHUS JEIOBBIX MPOLECCOB
BO3poOcCia B MepHoA 3HaunTenbHOTO moTteruienus B 1970-1995 rr. Tpenn cpokoB 3a-
MEp3aHus COCTaBUI 4 THS, a CPOKOB BCKpBITUA — 6 muel 3a 10 met. [Ipogomxurens-
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HOCTh JICASTHOTO MOKpPBITUSL cokpamjanack Ha 10 aueit 3a 10 nmer, TonmuHa npaa
yMeHbIIaNach npuoim3nuTeapHo Ha 8,8 cm 3a 10 jer.

Termperature
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Puc. 4. 10-neTHue criakeHHbIE 3HAYEHUS TO0BOM TEMIIEpaTyphl BO3yXa HAa CTAHLUN
BabymkuH 1 cyMMapHOTO TOZIOBOTO MPUTOKA BOAKI B baiikaie

I'maBHBIM (hakTOpOM, OT KOTOPOTO 3aBHUCST MEXKTOJIOBbIE M3MEHEHHS CPOKOB
3amep3aHus (/). SBISETCS TeMIlepaTypa BO3oyxa B HOSAOpe — AexaOpe, BIHMAIOMIAS
Ha MHTEHCUBHOCTH MOTEPh Terjia ¢ BOJHON nmoBepXxHOCTH. CBA3b Mexay 10-meTHuMu
3HAQUYCHUSAMHU 3TUX XaPaKTEPUCTHUK OMHCHIBACTCS YPABHEHUEM:

Moan = 6,78T,+ 94,6 (R* = 0,824, r=0,91).

TemmnepaTypHble YCIOBHS BECHBI TAK)KE BIUSIOT Ha MPOLIECC BCKPBITHS JIeISTHO-
ro nokpoBa. TpeHa u3MeHeHus: CPOKOB BCKpHITUA Ha baiikane B XX cronerun cocras-
a5 7 nHeH, a temnepatypsl Bo3ayxa B anpene — Mae 0,9 °C 3a 100 ner. OgHako kop-
PEISIHST MKy CPOKaMH BCKPBITHS U TEMIIEpaTypod Bo3zayxa Hebombmas (v ~ 0,4),
4To OBUIO OTMEYEHO M ApyruMu uccieposaremsaMu (Livingston, 1999). Ilpuuunoii
ATOTO SIBISIETCS BIUSHUE HA pa3pylIeHUE JISASHOTO TTOKPOBa BECHON HE TONBKO TETI-
JIOBOT'0, HO TaK)Xe M TuHamuueckoro dakropa (Betep) (Kouraev et al., 2007).

AHanu3 MoCIeHUX JaHHBIX O JIEA0BOM pekuMe balikana Bruiots 10 2004 1. o
HaOIIO/ICHUSIM Ha OEperoBBIX CTAHIUSAX M CO CIIyTHHKOB TOKa3all pa3BUTHE (C cepe-
quHbl 1990-X IT.) TEHJCHIMH K XOJIOAHBIM 3MMaM, ¢ 0ojiee paHHHUM 3aMep3aHUEM,
MO3HUM BCKPBITHEM U BO3pAacTaHUEM MPOJIOIKUTEIBLHOCTH JIEZOBOTO IepHoJa
(Kouraev et al., 2007). OTu u3MeHEHHS CBsI3aHBI C JONTONEPUOTHBIMU ITUKIIAMH W3-

157



MEHEHHUsI TeMreparypsl (moremieane mexny 1970-mu u 1990-mu rT., cCMEeHUBILIEECS
3areM (a3oil MOXOI0TaHNs).
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Puc. 5. I3menenus Bpemenu 3aMep3anust (B JHIX OT 1 jgexadpsi), BpeMEHH pa3pyllieHHs
JIEJSTHOTO MIOKPOBA (B IHAX OT 1 Mast), IPOAOIDKUTENILHOCTH JIEIOBOTO U 03716 JHOTO IEPUOI0B
1 MaKCUMaJBHOH TOJIIIUHEI JEJSTHOTO OKpoBa (mocenok Jiuctsennunoe, KOxueiii baiika).
Texymue, 10-neTHUE crila)KEHHBIE 3HAUEHUSI U TPEH]T

[IpoGemMa BO3MOKHBIX HW3MEHEHHH THAPOJIIOTHYECKUX YCIOBHA o03epa B
XXI Beke TeCHO CBs3aHa C MPOOJIEeMOi TI00ANbHBIX U3MEHeHMI KauMmarta. MHpopma-
s O JISAOBOM peXUME psJa 03ep U peK B ceBepHOM nonymapun (Magnusson et al.,
2000) KOCBEHHO MOKa3bIBACT, YTO MOTCIUICHHEC MMEET MeCTO B mocieanue 150 jeT
(mmu maxe 450 ner, o HaOmoaeHUsM Ha o3epe CyBa B SImoHMHM). DTa TEHACHIWS,
00yCIIOBIIEHHAs BIMSHUEM ECTECTBEHHBIX ()aKTOPOB, BEPOSITHO, COXPAHHUTCS TAKXKE B
XXI cronernn. DhdexT ecTeCTBEHHBIX (JaKTOPOB M MPOIPECCUPYIOIETO YBETUUCHHS
KOHILIEHTPAllM¥ aHTPOIOIeHHBIX Ta30B B aTMocdepe y4TeH B OLEHKE HENABHUX U
MIPECTOANINX KIMMAaTHYECKUX TEeHAEHIUI. YnucienHoe MoJenupoBaHue T1o0aibHOTO
KIUMaTHueckoro pasButus B XXI B., BKIIOYas YHNOMSHYTBIH (DakTOp, IMOKa3bIBaeT,
YTO MOBBIIICHHE INIOOANBHON TeMIepaTyphl BO3AyXa IO CPaBHEHHIO C JAOMHIYCTpH-
aNbHBIM TeproAoM (Hadasmo XX cronetusi) MoxkeT gocTurHyTh 2 °C k 2025 u 4 °C k
2100 r. (Kongpatbees, 1992; Koctuna, 1997). Oxnako pakTHdecKuii poCcT TeMIepary-
PBI MOKET COCTaBUTH TOJBKO MOJIOBUHY 3TUX 3HAUYEHUH M3-3a YBENIWYEHHUsS 00JauyHO-
CTH, TIOBBITIIAOMIEH OTpaXkeHue comHedHo# paananuu (Koctura, 1997).

[Ipumem 3a OCHOBY 3TH OPUEHTHUPOBOUYHBIE OIIEHKH, a TaKXKE COOTHOILIEHUS Me-
XKy POCTOM peruoHanbHoi (o3epo baiikan) m rnobanbHOW TeMmepaTrypbl BO3dyXa
(2:1) 1 U3MeHeHneM IJIIUTETHHOCTH JIEIOCTaBa B 3aBUCUMOCTH OT Temmeparypsl (15
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et Ha 1 °C) B XX cronerun. B 3ToM cyyae MOXKHO OXHIATbh, YTO TOAOBAsi TEMIIE-
patypa Bo3nyxa Ha baiikane nmoBeicutcs ot 1900 k 2025 r. Ha 2 °C, x 2100 Ha 4 °C,
MIPOJIOJDKATENBHOCTD JIEIOCTaBa COKPATHUTCS COOTBETCTBEHHO Ha 1 M 2 Mecsma u K
KoHIy croneTus coctaBuT B lOxHOM U Cpennem baiikane 56-60, a B CeBepHoM 76
mHer. Tak Kak MeXromoBble KoeOaHWs IINTENBHOCTH JIEJOCTaBa MpeBbImaroT 40—
50 nueit B 10 % cmydaeB, MOXKHO OKHIATh B KOHIIE XX CTONETHS MMOSBICHUS 3UM C
KpaTKOBPEMEHHBIM WJIM HEYCTOMYUBBIM JIEJIOCTaBOM. Takye jke€ OLIEHKH I0JIy4aroTCs
U TPH UCIOJBb30BAaHUM OCPEAHEHHOTo (MO0 BEJIWYMHAM MPHUPALICHUS TEeMIEpaTyphl
Bo3ayxa) crueHapusa n3menenus kaumara ot 2000 x 2100 r. (puc. 6). CormacHo maneo-
KJIMMaTHYECKUM JaHHBIM M pacyeTaM Ha MOJENH oOuield IMPKYJSIUH atMochepsl,
IBOHOE yBenuueHne KoHueHTpauun CO, B atMocdepe MOKET NPUBECTH K yBEIHUe-
HUIO aTMOC(]epHBIX 0cafkoB Ha mmpoTe baiikana B ceBepHOM nomymapuu Ha 5—10 %
(bynpixo, 1986; Konapatses, 1992). Benmnunna npupaiieHus mpuToka, Hanbosee Be-
POSITHO, OCTaHETCs B Mpejesax Toro e camoro uHTepsaia 5—10 %.
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Puc. 6. O1ieHOUHBIN TPOTHO3 U3MEHEHU T'OI0BOM TeMIlepaTypsl Bo3ayxa (A),
HPOJOIDKUTENLHOCTH JienoBoro nepuoaa (b) u Tomuumnsl npaa (B) B FOxuoM Baiikane ot 2000
k 2020 r. u k koH1y XXI cronerus. [TyHKkTHpHAs IUHUS ONpeAesieT TPaHUIbl U3MEHUHUBOCTH,

COOTBETCTBYIOIINE CTAHAAPTHOMY OTKIOHEHHIO

[Ipn m3ydeHNH BO3MEHCTBUS KIMMATHYECKHX KOJIEOaHWH TIyOOKHX 03ep HC-
cremoBaTey OOBIYHO OOpamalT BHUMaHUE Ha M3MCHEHNE TaKMX a0MOTHYECKHUX Ta-
paMeTpoB, Kak TeMIIepaTypa BOJbI, JIEAOBBIA PeKUM U Jap. Mexay TeM MOCIeCTBUS
ATOTO BO3CHCTBUS MOTYT OBITh 0OJiee Cephe3HBIMU U3-3a BIMSHUS KIMMara Ha Ouo-
JIOTHYECKHE TIPOILIECCH W, CIIEAOBATENBHO, Ha COJEpKaHHe OMOTEHHBIX JJIEMEHTOB B
BOIHOM Toie. OCOOCHHO UHTEPECHO B 3TOU CBSI3U MOBEJICHUE PACTBOPEHHOIO KPEM-
Hud. Ponbs kpemHust B skocucteMe baiikana cBs3aHa ¢ €ro y4aCTHUEM B JKU3HEAESTEINb-
HOCTH JIMaTOMOBBIX BOJOpOCTeH M (POPMHPOBAHWU JOHHBIX OTIOXKEHHSX, COAEpIKa-
IIMX OCTaTKH OTMEPILEro IiaHKToHa. OTMETHM, YTO OMOTCHHBIH KPEMHHUU B JJOHHBIX
OTJIOXKCHUM pacCMaTpPUBAETCS KaK OJWH W3 TJIABHBIX HHAMKATOPOB KIUMATHUYCCKUX
n3MeHeHuil Bo BHyTpeHHel A3uu 3a MOCIEeHNE COTHU ThICSY U MIJLTHOHEI JieT (I'pa-
yeB u ap., 1997; The Baikal Drilling Project, 1998).
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PaccMmoTpensl 13MEeHEHHs pacTBOPEHHOTO KPEMHHS B NIEPHOJT aHOMAJILHOTO TO-
teruieHus: Ha baiikane B xoHne XX crometus (JomsimeBa u ap., 1998; Jlomermesa,
2001; Inmapaes u ap., 1999; lllumapaes, JlomeimeBa, 2002, 2004). Perymnsapasie Ha-
Omonenus Ha baiikane BBISIBMIN OONBLIOE CHIKEHUE €r0 COACPIKAHHS B 3TOT MEPHUOJ
BO Bceil BogHoM Tomme o3epa. C 1995 mo 2001 r. comepkaHue KpeMHHUS YMEHbILIN-
nock Ha 200 + 18 r/M?, T.e. Ha 28 % OTHOCHTEIHHO HAYANBHOTO 3amaca (~ 730 r/m?).
[lo naHHBIM 00 M3MEHEHUH KOHIEHTPALMU KPEMHUS OBUIM PaCcCUUTAHbBI CPEJHUE 3HA-
YEHUS ero MOTOKa B BEPXHHUE CJIOW M3 TIyOMHHBIX TOpu30HTOB B 1995-2001 rr. Benu-
4MHA THX MOTOKOB (25-38 rSi/M” B roj B pasHbIX YaCTAX 03epa) MPEBBICHIA B 4—
5 pa3 mpUTOK KpeMHHs ¢ BojaMu pek (7,4 rSi/m’).

Coxkpaienue 3amaca kpemauns B baiikane B 1995-2001 rr. MOTIo OBITH BBI3BaHO
TOJIBKO aKTHBHBIM PAa3BUTHEM JHATOMOBBIX BOJIOPOCIEH C MOCIEAYIOLUIMM IOCTYILIe-
HUEM JJIEMEHTa B JIOHHBIE OTJIOXEHHS. DTO TPEAINONIOKEHUE IMOATBEpKIAaeTCs Ha-
Omopenusimu. Tak, 3HAUUTENbHOE BO3pacTaHMe OuoOMacchl BOJOPOCIEH Bec-
HOMH, JIeTOM U 0ceHbI0 B 1990-1997 rr. mo cpaBHEHUIO ¢ XOJOAHBIM nepuoaom 1964—
1974 rr. oTMeueHo 1o HabmoneHusM y mocenka bompmme Koter B FOxxHOM baiikane
(U3mectbeBa u ap., 2001). 1990-¢ romsl xapakTepU30BAUCh TaKKe 00JIE€ YaCTHIM
BO3HHKHOBEHHEM JIET C BBICOKOH YPOKaHHOCTBHIO JMATOMOBBIX BOJOPOCIIEH B OTKPHI-
TOW "acTh o3epa. DTo Habmomanmoch B 1990, 1994, 1996 u 1997, xak B 1999 u
2000 rr. (bonmapenko, 1997; Bondarenko, 1999).

[lonmy4yeHHsle pe3yabTaThl MO3BOJSIOT MPEAIONaraTb, YTO KIMMATUYECKUE H3-
MEHEHUS BBI3BIBAIOT [IMKJINYECKHE N3MEHEHUS COAEPKaHMS PACTBOPEHHOI'O KPEMHHUS
BO Bcel BomHO# Tonmie o3epa (Illnmapaes, JlomeimeBa, 2004). B roxpl, Oiau3kue K
MaKCUMyMY BHYTPHBEKOBBIX IIMKJIOB KIMMAaTa, XapakTePU3YIOUIMXCsI 3HAUUTEIHHBIM
Pa3BUTHEM TUATOMOBBIX Bojgopociel (kak B 1990-X), KOIMYECTBO KPEMHUS, BOBJIC-
YEHHOTO B ITUKJ SKOCHCTEMBI, CYIIECTBEHHO MPEBBIMIAET €ro MOCTYIUICHHE C PEKaMHU.
B 3TH TonBI aKTHBHOE Pa3BUTHE TUATOMOBBIX BOJIOpOCIIEH 00eCreunBacTCsi B OCHOB-
HOM 3a CUeT 3allacoB 3TOr0 3J€MEHTa B BOJAHOH Tonuie. B pe3ynprare 3amac KpeMHHS
CYLIECTBEHHO yMeHblIaeTcsl. KommneHncanus 3TUX HoTeph 3a CUeT MPUTOKA 3JIEMEHTa C
BOJAMHU PEK M COKpAIIECHHUS ypOXKaHOCTH JMAaTOMOBBIX BOJIOPOCIEH JOJKHA IPOVIC-
XOAWTh B TEUCHHUE MEPHOAOB Claga U MUHUMYMOB BHYTPHUBEKOBBIX KIMMAaTHYECKUX
LUKIOB. JlaHHBIE O IWHAMUKE PAacTBOPEHHOIO KPEMHHs B 03€pe YKa3blBAalOT Ha Me-
HSIOIYIOCSI CKOPOCTh €0 HAKOIUIEHHUS B IOHHBIX OTIIOKeHMsIX balikanma maxe B mpe-
Jenax KOPOTKUX HCTOPHYECKHX IIMKIIOB, COMOCTaBHMBIX C PUTMaMHU KiIMMaTa Mac-
mrada AeCATHUICTHH.

Uro kacaercsi IVIAaBHBIX KOMIIOHEHTOB MOHHOT'O COCTaBa, TPYAHO OOHAPYXHUTh
BO3MOJKHBIE HEJJaBHIE U3MEHEHN UX KOHIeHTpalnuu B o3epe baiikan (I'paues, 2002),
KOTOpBIE BBI3BAaHBI MPOLIECCAMH, MPOUCXOIINME B ero Oacceiine (Botunues, 1973).
D10 00BsACHAETCS 3HAYUTENBHBIM (TTIpuOIM3nUTENEHO B 400 pa3) mpesbimeHneM o0be-
Ma BOJIHBIX Macc 03epa HaJl €KETOJHBIM PEYHBIM MPUTOKOM U OTHOCHTENBHO OBICT-
PBIM BEpTHKAIBHBIM CMellleHHeM BoAHBIX Macc (B TeueHue 10-30 ser) (Weiss et al.,
1991; Hohmann et al., 1998; Konenes u ap., 1998).
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Summary

Historic data on ice phenomena occurring in Lake Baikal, the Angara River and
some other lakes and rivers in the northern hemisphere demonstrate active warming, at
least, since the mid 19™ century (Mangusson et al., 2000). During the time of instru-
mental observations (1896-2006), the rise of air temperature caused delay of Lake
Baikal freezing, as well as shortening of the period of ice cover (Shimaraev et al.,
2002). The river inflow into the lake increased slowly and the temperature of upper
water layers rose in summer.

Within the "secular" trend of hydrological characteristics there are observed in-
trasecular (10-30 years) oscillations caused by atmospheric circulation. Changes of
activity of the North Atlantic oscillations (NAO) in winter provoke adequate changes
in air temperature, ice regime and water temperature in spring and summer. The NAO
effect became stronger in the second half of the 20" century, especially after 1970
when the intensity of high atmospheric pressure of the Siberian region weakened with
the rise of NAO indices. In 1970-1995, the duration of winter ice cover shortened, and
the ice thickness decreased. The water temperature was the highest in the 1990ies dur-
ing the whole 20™ century. In 1996-2006, with the decline NAO activity there was ob-
served reverse changes in tendencies of these characteristics.

The following picture may be observed assuming "temperate" scenario of cli-
mate changes: by 2100 beginning from 2000, the duration of winter ice cover will
shorten by 35-37 days, and the ice thickness will decrease by 25 cm. There is a prob-
ability of winters with short and even unstable ice cover. With the rise of water tem-
perature in summer (by 1-1.5 °C) spring convention will start earlier, while autumn
convection — later. Major mechanisms of exchange will be preserved which will lead
to renewal of deep and near-bottom waters, their low temperature and high concentra-
tion of oxygen. The water inflow into Lake Baikal may increase by 5-10 %. However,
it should be remembered that there will be a possibility of its decrease with the rise of
evaporation level in the lake basin.

The effect of anomalous warming in the late 20™ century on dynamics of con-
centration of dissolved silicon and composition of summer zooplankton was observed.
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Effects of Climate Change on River Flows and Groundwater Recharge in the Uk:
Impacts on Water Resources
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This paper will provide an overview of research outputs from a UK water indus-
try and Environment Agency research project "Effects of climate change on river
flows and groundwater recharge". The research involved:

e The development of climate scenarios based on six Global Climate Models

(GCMs) for the A2 emission scenario (Vidal, Wade, 2007).

o The development of methods for incorporating uncertainties related to the
choice of GCM, hydrological model structure and parameters.

e Hydrological modelling of 70 UK catchments to determine the changes in
monthly river flow.

e The development of simple guidelines for resource assessment to be used by
water companies as part of their medium term (30 year) Water Resources Plans.

The UK temperature record shows that 2006 was the warmest year on record
and the five warmest years in the UK record (since 1850) were 2006, 2003, 2004,
2002 and 2005. There is clear evidence of an upward trend in UK temperatures over
the 1850 to 2006 period (see http://www.metoffice.gov.uk/ for a range of press re-
leases and summaries for 2006) that is unlikely to be due to natural factors. However,
similarly clear trends do not exist in the UK flow record and considerable uncertainty
remains with regards to the impacts of climate change on future river flows, ground-
water recharge and water resource availability.This research project developed
monthly "flow factors" and "recharge factors" based on hydrological modelling and a
regression method for estimating flow factors in ungauged catchments. The overall
pattern of future changes in flow was similar to previous assessments (e. g. Arnell,
2003), with increases in winter flows and decreases in summer flows. However, the
inclusion of many GCMs provided a better understanding of uncertainties related to
future flows that can now be included in water resources planning, thereby building
resilience into water resources and drought risk management systems.
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HN3MeHuYnBOCTh MNPUTOKA K BOAOXPaHW/INIIaAM Boskcko-KaMckoro kackaga
THAPOoYy3J0B: NPUPOAHAA HUKIHIHOCTD H BJIUAHUE H3MEeHEeHHH KJiuMaTa

C. E. bennapyk

OI'VII «llenTtp Poccuiickoro peructpa ruIpOTEXHUYECKUX COOPYKEHHI U TOCY TapCTBEHHOTO
BonHOTrO Kagactpa» («Llentp Pernctpa n Kagacrpa»)

denepanbHOE areHTCTBO BOAHBIX PECYPCOB

Mocksa, 127550, yn. [IpsaunrankoBa, 2a, ctp. 2

E-mail: bse@waterinfo.ru

Bomxckuii 6acceiiH sSBIseTCS OTHUM U3 KPYIMHEHIINX PeYHbIX OacceliHOB MUpa,
3aHUMas IDIoIAaAs OKoJo 1,4 MiH KM 3neck npoxuBaet 6onee 40 % Hacenenus Poc-
cuiickoir Penepany U MPOU3BOIUTCS OOJlee TTOJIOBUHBI MTPOMBIIIUIEHHOW U CEITbCKO-
XO03SUCTBEHHON mpoaykmuu crpadbl. B 30—80-X rr. mponuioro Beka Ha OCHOBHBIX
pycnax pexu Bonru u ee rimaBHoro nputoka — peku Kamel Obutn moctpoens! 11 kpym-
HBIX THIPOY3JIOB C BOJOXPAHMIHIIAMH OOIICH MOIE3HOH eMKOCTBIO OKOlo 80 kM
(pu cpegHEMHOTONIETHEM 00BEMe cToKa Bonru B cTBOpe 3aMbIkaromero kackaz Boi-
rOrpacKoro ruapoysia okono 260 kM’). B pesynbrare 3aperynmpoanus croka Boin-
M KapAMHAIBHBIM 00pa3oM M3MEHWJICSA €€ THIPOJIOTHUECKU pexkuM. B mensx dac-
TUYHOH KOMIIEHCALIMM 3TUX W3MEHEHHH AJISl YHUKAJIBHOI'O MPUPOAHOTO KOMILIEKCa
HwkHer Bonru (Bonro-AxtyOuHckas moiiMa u aenbra Bonrn) ¢ Havana sKcIuTyara-
MU KacKaJa BOJOXPAaHWJIUIL OCYLIECTBISIOTCS TaK HAa3bIBA€MblE CIEIMAIbHBIE Be-
CeHHHUE NOMYyCKU yepe3 Bonrorpaackuii rupoysen B HHTEpecax PbIOHOIO U CENbCKO-
ro XO035MCTBA.

B pabote ananusupyercs ©3MEHEHHE MPUTOYHOCTH K BOAOXPAHWIIMIIAM KacKa-
Jla 32 BECh IEPHOJ ero cymecTsoBanus (mo4ru 50 jer), BIUsSHUE 3TUX U3MEHEHUH Ha
MapaMeTpsl CIEeNHANbHBIX BECEHHHX TOIMyCKOB W PETYJIHPOBAHHUE PEKUMOB pPabOTHI
THIPOY3JIOB Kackaja B mneinoM. Ocoboe BHUMaHKE YACTSIeTCs U3MEHEHUSIM, UMEBILINM
MECTO B mocliegHue roanl, Bkmouas 2007-H.

Ha ocHOBe paccMOTpeHHs pa3HOCTHOM HMHTErpajlbHOM KPHBOW CYyMMapHOIO
MIPUTOKA BOJIBI K BOAOXPAHWINIIAM KacKaJla BBIAENIAIOTCS MAJOBOJIHBIM U MHOTOBOJI-
HBIHA TIEpHOABI, B TEUEHHE KOTOPHIX ASHUIHUT WK U30BITOK CTOKA TOCTUTAN BETMYHHBI
IBYX HOPM TIOZOBOTO CTOKa. BeIOBUraercs rumore3a O NPUPOIHBIX LUKIAX PEYHOTO
cToKa B Oacceline Bonru u ux mapamerpax.

OO0cy>knaeTcsi I3BMEHEHHE BHYTPUTOIOBOTO CTOKa B OacceifHe, oTMevaeTcsl SIB-
Has TEHJCHIMS K YBEJIWYEHHUIO CTOKA OCEHHE-3MMHEN MEXEHHM U COKPAIEHUIO MOJIO-
BOJHOTO CTOKa M CTOKA JIETHEH MEXEHHU.

[lepeuncnennple U3MEHEHUS MPUTOKA K BOJAOXPAaHWINIIAM MOTYT NMPHUBECTH (U
y’Ke€ BEIyT) K HEOOXOJMMOCTU CYIIECTBEHHOTO MEPECMOTpPa MPABUII U CXEM peryJiu-
POBaHUs PEXUMOB PaOOTHI THIPOY3JIOB M BBI3BAThH LENBIH Psi/l SKOJIOTHYECKUX H 3KO-
HOMHYECKHX Tpo0ieM. Bmecte ¢ TeM HaKOIIEHHBIH 0 HACTOAIIETO BpeMeHH (pakTu-
YECKHI MaTepuall He MO3BOJISIET CENATh YBEPEHHBIE BBIBOBI O BIMSIHUU KaK MPUPOJ-
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HOM UUKIWYHOCTH, TaK U U3MEHEHUH KIIMMaTa Ha U3MEHYUBOCTh MIPUTOKA K BOJOXpa-
HWMIaM kackana. OgHako, IO MHEHHIO aBTopa, Ommkaiimue 15-20 meT mo3BosT
TTOJTYIUTh TOCTATOYHBIE 000CHOBAHUS JUTSI OIEHKH BO3ICUCTBHSI YKa3aHHBIX (haKTOPOB
Ha peuHol cTOK B Oacceiine Bonru.

Variability of Water Inflow to the Reservoirs of Volga-Kama Waterworks
Cascade: Natural Recurrence and Climate Change Influence

S. E. Bednaruk

Centre of Russian Waterworks Inventory and State Water Cadastre
Federal Agency of Water Resources

Pryanishnikova Str., 2a, build 2, Moscow 127550, RussiaRussia
E-mail: bse@waterinfo.ru

Volga River basin is one of the largest river basins in the world with the total
watershed area of 1.4 million sq. km. More then 40 % of the Russian Federation popu-
lation lives there and more than a half of the national industry and agriculture output is
produced.

In the 30"-80™ of the last century 11 large waterworks facilities have been built
on the main channels of the Volga River and its main tributary — Kama River with to-
tal operational capacity of the corresponding water reservoirs about 80 cu. km (the
mean annual flow at the site of the last in the cascade Volgograd dam is about 260 cu.
km). As a result of Volga flow regulation its water regime changed crucially. For the
partial compensation of these changes to the unique ecosystem of the Lower Volga
(Volga-Akhtuba Floodplain and Volga Delta), the so called Special spring-time re-
leases of water through Volgograd waterworks facility in the interests of the fishery
and agriculture have being made annually since accomplishment of its construction.

The changes of water inflow to the cascade reservoirs are analyzed for the
whole period of the cascade existence (nearly 50 years). The influence of these
changes on the Special releases pattern and on the regulation of the water regimes of
the whole cascade is also considered. A special attention is paid to the changes oc-
curred in a last few years, including 2007.

Based on the analyses of the differential integral curve of total inflow to the
cascade reservoirs, low and high flow periods, during which the deficit and surplus of
the river flow had reached the volume of two mean annual flows, are defined. The hy-
pothesis on the natural cycles of the Volga river flow and its parameters is put for-
ward.

The changes of the seasonal pattern of the river runoff in the basin are dis-
cussed. The apparent trend to the increase of the winter runoff and the decrease of the
spring runoff is pointed to.
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The mentioned changes in the inflow to the cascade reservoirs may lead to the
necessity of the deep reconsideration of the existing rules and patterns of the water-
works operation and may cause a number of ecological and economic problems.

At the same time, the current level of available data is not sufficient to make a
very sound conclusion on the influence of the natural recurrence as well as the climate
changes on the reservoirs inflow. Still the author thinks that in the nearest 15-20 years
the necessary proof can be obtained.
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KianmaTtuyeckue u3MeHEeHUs] TEMIEPATYPhl BO3AYXa U aTMOC(EePHBIX 0CAIKOB HA
TeppuTopun Poccuu no 1aHHbIM HHCTPYMEHTAJIbHBIX HA0I101eHMii

I'. B. I'py3a, J. 51. PanbkoBa

I'Y UnctuTyT rmobansHoro kiaumara u skosiorun (MI'’KD) Pocruapomera n PAH
Mocksa, 107258, yn. ['mebosckas, 20b
E-mail: gruza@newmail.ru

Merteopororuueckne Habmogenns B Poccun Hauater 6onee 250 jetr Tomy Ha-
3a1. OnHaKo A Ha/IeKHBIX OLIEHOK U3MEHEHUH KiMMara UMEIoTCs AaHHble ¢ 90-X IT.
XIX B. and 3anagHoi yactu Teppuropun Poccnu u nuib ¢ 19361939 rr. s ctpasbl
B 1enoM.B mokiane m3MeHeHHs TeMIepaTypsl MPU3EMHOTO BO3AyXa W aTMOC(HEPHBIX
ocankoB Ha teppuropuu Poccun B XX B. aHaNM3HPYHOTCSA IO JAHHBIM HHCTPYMEH-
TalbHBIX HaOmroneHui. M3MeHeHMs TeMiepaTypbl, OCPeJHEHHBIE IO TEPPUTOPUH
Poccun, comocTaBisSIlOTCS ¢ Ia00adbHBIMH H3MeHeHusMU. OIIEHKH OCOOEHHOCTEH
KIMMAaTHYECKUX U3MEHEHHH B perrnoHax Poccun paccmarpuBatorcs ¢ 1936 r. B aucie
KJIIMMaTHYECKUX MTapaMeTpOB, KPOME TEMIIEpaTypbl U OCaAKOB, paCCMaTPUBAIOTCS HE-
KOTOpbIE IOKa3aTeNd HX JKCTpeMaibHOCcTH. Haumbomnee neTaqpHO aHANIM3HUPYIOTCS
TEHJCHITUN W3MEHCHUH KIIMMATHYSCKUX MapaMmeTpoB mocie 1975 r., korma Hambosee
SAPKO MNPOSABUIIMCh U3MCEHCHUSA, CBA3AHHBIC C BJIMAHUCM AaHTPOIIOIN€HHOI'O POCTa KOH-
LIEHTpAUH MTAPHUKOBBIX Ia30B.

Climatic changes in the air temperature and atmospheric precipitation over the
territory of Russia from the instrumental records

G. V. Gruza and E. Ya. Rankova

Institute of Global Climate and Ecology (IGCE) of Poshydromet and PAS
Glebovskaya Str., 20B, Moscow 107258, Russia
E-mail: gruza@newmail.ru

Meteorological observations in Russia are begun more 250 years ago. However
available data enable us to receive reliable climate changes assessments only from 90"
of 19™ century for the western part of the Russian territory, and only from 1936-1939
for the country as a whole.Climate changes in surface air temperature and atmospheric
precipitation over the territory of Russia for 20-th century are analyzed here as based
on observed data. Spatial averaged temperature trends are compared to global ones.
Regional assessments are considered since 1936. Among climatic variables some pa-
rameters of the temperature and precipitation extremes are considered too. Climate
changes tendencies after 1975 are most in details analyzed due to anthropogenic forc-
ing of increasing greenhouse gases concentration is most brightly shown for this pe-
riod.
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COBpeMeHHbIe KIMMAaTH4Y€CKHEC UBMCHCHUSA B Cl/Iﬁlrlp]/l

M. B. Kabdanos

WHCTUTYT MOHUTOPHUHIA KITUMATHYECKUX
u skojornyeckux cucrem CO PAH
Tomck, 634055, Akanemuueckuii mp., 10/3
E-mail: kabanov@imces.ru

B pesynpraTte cTaTHCTHYECKOrO aHAIW3a HAaKOIJIEHHBIX B MUPOBOM CETH MHCT-
PYMEHTANBHBIX JAHHBIX BBIABICHBI 3aKOHOMEPHOCTH HAOIOAEMBIX KIMMATHYECKHIX
n3MeHeHuiit B Cubupckom peruone. IlokazaHo, yTo HabmogaeMoe norerienue B Cu-
Oupu 3a mocienHuil KuMarndeckuii (30-IeTHHIT) IEpUO XapaKTepu3yeTcss HEOaHO-
POIOHOI CyOpernoHanibHOM CTPYKTYpOH ¢ ME30MaclITa0HBIMHM OYaraMy YCKOPEHHBIX
temnoB notemienus Ao 0,5 °C/10 ner. TpeHasl npu3eMHOro aTMOCc(epHOro aBICHHS
3a TOT JXK€ TEpPHOJ WMEIOT MEHee KOHTPAaCTHYI0 CYOpEerHOHANbHYIO CTPYKTYpy C
yMeHbIIIeHHeM cpeaHeronoBoro faasienus no 0,2-0,4 rIla/10 ner. Bo BpeMeHHO# n3-
MEHYMBOCTH KIMMATHYECKHX MapaMeTpoOB 3a MPOILEAIIee CTOJIETHE MO Pe3yabTaTaM
BeWBIIET-aHAIN3a BBIJENIEHBI MacIITa0Obl ieprogndHocteit B 10—12 et u B 30-50 ner.
[lo BeiiBneT-criekTpaM I MPU3EMHOW TeMmeparyphl 3anagHoid Cubupu M MHIEKCA
CeBepo-ATIIaHTHYECKOTO KOoJeOaHusl BBIABIICHA WX KOPpEISIIMOHHAs CBs3b B 1940—
1990 rT. ¢ BpeMEHHBIM CABUIOM 10 CEMH JIET B OTACIBHBIE TOABI. JTOT KIMMaTHUe-
CKUI1 (PeHOMEH OOBSICHSIETCS BO3MOKHBIMU WHEPIIMOHHBIMA MEXaHU3MaMH OKeaHHYe-
CKOT0 TepeHoca Tema. [lo pe3yiapTataM aHanM3a Ha3eMHBIX U a3POKOCMHUYECKHUX HH-
CTPYMEHTAJIbHBIX HAOMIOACHUN 00CyXIaroTcs KiuMaTudeckue 3)(exTsl CHOMPCKUX
6omot (Ha mpumepe bonpioro Bacroranckoro 60oTa).

Contemporary Climate Changes in Siberia

M. V. Kabanov

Institute of Monitoring of Climatic

and Ecological Systems SB RAS

Akademichesky pr., 10/3, Tomsk 634055, RussiaRussia
E-mail: kabanov@imces.ru

Applying statistical analysis to instrumented data accumulated in the world me-
teorological network, we revealed regularities of climatic changes observed in Sibe-
rian region. It was shown that warming, observed in Siberia over last climatic period
(30 years), is characterized by inhomogeneous subregional structure with mesoscale
spots having accelerated warming rates up to 0.5 °C/10 years. Trends of surface pres-
sure for the same period have lesser contrast subregional structure with decrease of
annual mean pressure down to 0.2—0.4 hPa/10 years.
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Wavelet analysis applied to time variability of climatic parameters over the past
century found out periodicities with the scales of 10-12 and 3050 years. Comparing
wavelet spectra of surface temperature in West Siberia and North-Atlantic Oscillation
index, we revealed their correlation in 1940-1990 with time shift up to 7 years. This
climatic phenomenon could be explained by possible inertia mechanisms in oceanic
heat transfer.Based on results of ground and airborne and spaceborne instrumented ob-
servations, we discuss climatic influence of Siberian bogs (using Great Vasyugan Bog
as an example).
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Mouennponanne TUAPOJJIOTHH MOBEPXHOCTH € UCMTOJB30BAaHUEM MOI€/IN
KJIMMATHTECKOH CHCTEMbI

B. H. Kpynuataukos, A.U. KpsinoBa, F0.B. MapTbsiHOoBa

WHCTUTYT BEIMUCINTEIHHON MaTEMaTHKH

n Marematndeckoi reodpusukn CO PAH
Hosocubupck, 630090, mp. JlaBpeHThHEBA, 6
E-mail: virup@ommfaol.sscc.ru

lMuaposoruyeckuii MUK Ha MOBEPXHOCTH BKIIIOYAET IMEPEXBaT BOJbI PaCcTH-
TENBHOCTHI0, HHOUIBTPAIINIO, IOBEPXHOCTHBIA CTOK, HAKOTUICHUE BOJIBI B MOYBE U B
cHere. DTH MPOIIECCHl HETIOCPEICTBEHHO CBS3aHBI ¢ OMOPU3NKOI W OKa3hIBAIOT BITHS-
HHE Ha TeMIEPATypPy, OCAAKU U MOBEPXHOCTHBIN CTOK. OOmMiA CTOK (TIOBEPXHOCTHBIHM
U TIOATIOBEPXHOCTHBIN IPEHAX) HAIMPABJISAETCS BHU3 MO TCYCHUIO K OKEaHaM C ITOMO-
b0 MapIIPYTHOH MOJIENIA PEYHOTO CTOKA. MOIeNh peYHOr0 CTOKa OCHOBaHA Ha Ujie-
sx TOPMODEL.

Mopens peyHoro croka noaxitoueHa kK Mopenu Ilosepxnoctu 3emmn (MB-
MuMI' CO PAH) ans ucnonb3oBaHusI B THAPOJIOTHYECKUAX HUCCIEAOBAHUSAX M IS
VIIYYIIEHHOTO BOCIIPOW3BEICHUSI B3aUMOICHCTBUSI CUCTEMBI OKEaH — MOPCKOW Jiem —
MMOBEPXHOCTH 3eMiii — atMochepa B Monenu Kinmatuueckoit Cucremsl (MBM/PAH).
MBI TOCTpOMIIH 3TY MOJIENb Ha CETKe ¢ pa3pelieHueM | rpagyc. Moaenb moBepXHOCTH
WHTEPIIONNUPYET MMOBEPXHOCTHBINA CTOK, TOJYYSHHBIH OT OJHOMEPHOW MOJEIH THAPO-
JIOTHH TIOBEpXHOCTH (2.8%2.8 Tpaj.) Ha ceTKy MOJENHN PEeYHOro CTOKa ¢ | TpajycHBIM
paspeiieHreM. 311eCh MPEACTaBICHBI pe3ybTaThl 1°X1° MonenupoBanus s Oacceii-
Ha pexku ToMb ¢ UCTIONB30BAHUEM PE3YJIBTATOB TII00ATHHOTO MOJICIUPOBAHUS THAPO-
moruu nioBepxHoctr (Mogens UBMuMI™ CO PAH). IIpu MmoaenupoBanuu ria00aibHO-
ro KJIMMaTta UCIoib30oBaiIuch nanasie AMIP ¢ 1979 no 1993.

Modelling of Surface Hydrology Using Climate System Model

V.N. Krupchatnikoff, A.I. Krylova and Yu.V. Martynova

Institute computational mathematics

and mathematical geophysics, SB RAS

Pr. Ac. Lavrentiev, 6, Novosibirsk, 630090, Russia
E-mail: virup@ommfaol.sscc.ru

The hydrologic cycle over land includes interception of water by plant foliage
and wood, throughfall and stemflow, infiltration, runoff, soil water, and snow. These
are directly linked to the biogeophysics and also affect temperature, precipitation, and
runoff. Total runoff (surface and sub-surface drainage) is routed downstream to oceans
using a river routing model. River routing model is based on TOPMODEL ideas.
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A river routing model is coupled to the Land Surface Model (ICMMG SB RAS)
for hydrological applications and for improved land-ocean-sea ice-atmosphere cou-
pling in the Climate System Model (INM/RAS). We have implemented this model on
a 1-degree grid. Land model interpolates the total runoff from the column hydrology
(2.8 by 2.8 degree) to the river routing 1-degree grid. Pictures we shown here are re-
sults from a regional 1° by 1° simulation (River Tom basin) using global ICMMG
LSM. The model is driven with AMIP data from 1979 to 1993.
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Axkanemuk Muxanjg UBanosu4 byabIko U ero BKJiaJ B pa3BUTHE COBPEMEHHOM
HAYKH 0 KJIUMaTe

I'. B. MeH:xyJIuH

LeHTp MEXANCINIUTHHAPHBIX UCCIIEIOBAHUH 110 TpodieMam
oKpykatoriei cpeasl PAH

Canxkr-IlerepOypr, 191187, Habepexnas Kyry3ona, 14
E-mail: inenco@mail.neva.ru

Axanemuk Muxann VBanoBud byasiko — oanH u3 Hanboee KPyIHBIX POCCHM-
CKUX Yy4eHBIX 20-T0 cToneTHs B o0acTH HayK 00 OKpy’Karouleil cpeze; TpyIbl ero
LIMPOKO M3BECTHBI B HAllleH CTpaHe U 3a pyoOexxom. MccnenoBarenbekas AsTeIbHOCTD
M. W. byapiko Hadamace B 1942 romy B I'maBHOW reodusmdeckoit oOcepBaropun
uM. A. U. BoeiikoBa, rie oH B 1954 roay oH cTall caMbIM MOJIOJIBIM TUPEKTOPOM B €€
uctopuu. B 1950-e roapl, eMy yaanoch pemiuTh OJHY M3 BaKHEUIIMX MPOOJIeM KIU-
MaTOJIOTHH, CHOPMYITMPOBAHHYIO B KOHIIE 19-0T0 CTOJIETHS O COCTABIICHUH, KaK TOBO-
pun A. U. Boe#koB, «IIpUXOAHO-PACXOAHON KHHTH TPeoOpa3oBaHUi COTHEYHOH
SHepruu Ha 3emuie». DTy 3anada Obuta pemiena M. U. Byapiko, onmyOnukoBaBIero at-
Jackel TerioBoro Oamanca 3eMHoro mapa u MoHorpadwuto “TerioBoit 6amaHc 3eMHON
MTOBEPXHOCTH’, KOTOPHIE, TI0 BRIPAKEHUIO U3BECTHOT'O COBPEMEHHOTO aMEPHUKaHCKOTO
yuaeHoro C. Mana0e, ctanu cBoeoOpa3HOi «OnOImei» A KITMMaToJI0roB BCET0 MUpA.
OHa nepeBeicHa BO MHOTHX CTpaHax U B 1958 roay otmeuena JIeHMHCKOM npeMuei.

PesynbTarhl ucciea0BaHuil TEIIOBOrO OajgaHca 3eMiid B aTMOchepbl ObLTH 10~
noxeHbl M. U. ByipIko B OCHOBY HOBOTO HAYYHOTO HaIlpaBJICHUS — PU3HUYECKON KU~
MAaTOJIOTHMH, KOTOpas CTajia OJHON 13 Hauboliee akTyalbHbBIX HayK o 3emie. C HCIomb-
30BaHHMEM €€ METOJMK, CTaJI0 BO3MOXKHBIM PEIIUTh BaKHEHIINE IPOOIEMBI, Cpean KO-
TOPBIX, MPOOJIEMa U3MEHEHHI KJTUMaTa B MPOIILIOM, HacTosIeM U Oyaymiem [1].

C 1975 roga n no xonua coux aneit M. U. Byapixo padoran B ['ocynapcrBen-
HOM THJIPOJIOTHYECKOM MHCTHTYTE, ¢ KOHIA 1990-X Tom0B OH OBLI HAYYHBIM PYKOBO-
muteneM LleHTpa MEeXIUCIUIUIMHAPHBIX UCCIIE0OBAHUH 0 MpobieMaM OKpYy Karomen
cpenst PAH. PaGotsl M. . Byibiko HEOTHOKPaTHO OTMEYAINCh BHICOKUMH HAyYHBI-
MU HarpajiaMu, HauBBICIIEH U3 KOTOPBIX — MEXAyHapoaHas npemus «l omxy0Oas miaHe-
Ta». JTa TpeMusl B 00JIacTH HayK 00 OKpy’KaroIie cpeme dKBuBasieHTHa Hobemnes-
CKOM mpemMuu [2]; ee MPUCYXKICHUE CBUICTEIBCTBYET O MPU3HAHWM BBHIIAIOIIETOCS
BKJIaJ]la POCCHIICKOTO yUeHOro, akajgeMuka Muxauna VIBanoBuda Byipiko B MEpOBYIO
KIIMMATOJIOTHIO M HAayKy 00 OKpy»katomiei cpene [3].

Cnucok 1uTepaTypsl

byoviko M. U., Bopsenxosa HU. U., brommuep 3. K., Benuuko A. A., Bunnuxos K. 4., I'onu-
yoin I. C., Uspasaw FO. A., Kaponw U. JI., Kobax K. U., Kysemun U. U., Jlecacos B. A.,

Menowcynun I B. AnTpornoreHnsle n3MeHenus kiaumara. JI. ['mapomereomspar, 1987.
407 c.
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W3menenns kimmara ¥ UX NocieaAcTsus. (ome. peo. I. B. Menocynun). Matepuansl crienyab-
HOHM ceccun Y4eHoro cosera L[eHTpa MeXIyHapoIHOTO COTPYAHHYECTBA IO MPOOIIe-
MaM OKpY’Karollel cpenbl, NOCBSIEHHON HarpaxaeHuto M. W. Bynpiko MexayHapoa-
Hoit pemueit «I omy6Oas [Tmanera». CI10, Hayka, 2002. 269 c.

CoBpeMeHHbIE poOIeMBbI 9KOJIOTMIECKON METEOPOIOTUI " KIIMMaTOJIOTHH.
(oms.peo. I'. B. Menoicynur).  COOpPHUK,  TOCBSIICHHBIA  85-7eTHIO  aKaaeMuKa
M. U. Bynsiko. CI16, Hayka, 2005. 247 c.

Academician Mikhail Ivanovich Budyko and his Contribution to the Modern
Science on Climate Changes

G. V. Menzhulin

Research Center for Interdisciplinary

Environmental Cooperation of RAS

Kutuzova Embankment, 14, St.Petersburg 191187, Russia
E-mail: inenco@mail neva.ru

Academician Michael Ivanovich Budyko was one of the prominent Russian sci-
entist of 20" century in environmental sciences, his works are widely known in Russia
and abroad. M. 1. Budyko's research activity has begun in 1942 in the A. I. Voyeykov
Main Geophysical Observatory where he became in 1954 the youngest director in its
history. In 1950-es, he was able to solve one of the major problems of classic clima-
tology, which was formulated in the end of 19™ century about the making up, as
Voyeykov spoke, “the account book of solar energy transformations on the Earth”.
This problem has been solved by M. 1. Budyko in 1956 when he published two atlases
and monograph “The Heat Balance of the Earth’s Surface”. This book and atlases be-
came, according on expression of known modern American scientist S. Manabe, the
original "bible" for climatologists of all countries. It is translated into many languages
and in 1958 marked off the Lenin prize, highest USSR national prize, which only once
was awarded to the scientist in the field of atmospheric sciences.

Results of researches of the Earth’s surface and atmosphere energy balance
have been put by M. 1. Budyko in a basis of a new scientific discipline — physical cli-
matology, which became one of the most advanced and actual among other Earth sci-
ences. With use of its methodologies and models, many important problems were be-
gan possible to solve, first of all, it is necessary to name the problem of climate
changes in the past, present and future.

Since 1975 and up to the end of his life M. I. Budyko together with his disciples
and colleagues worked in the State Hydrological Institute. From the end of 1990-es he
was the supervisor of the Research Center for Interdisciplinary Environmental Coop-
eration of Russian Academy of Sciences, which from 2007 bears his name. Budyko's
works in the field of climatology and atmospheric sciences were repeatedly marked by
the high national and international scientific awards. His highest award is the Interna-
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tional Premium “Blue Planet Prize”, which in the environmental sciences is equivalent
to the Nobel Prize. This award testifies the recognition of the outstanding contribution
of Academician M. I. Budyko to international climatology and environmental sci-
ences.
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OneHKY BIMAHUS KIMMATUYECKUX M3MEHEHHWH Ha BOAHBIE PECYPCHI MPOBOISAT-
csl, TJIaBHBIM 00pa3oM, Ha OCHOBE MaTeMaTHYECKUX THPOJIOTHYECKUX MOJIENEH ¢ nc-
TMMOJIB30BAHUEM PA3JIMYHBIX CIHCHAPUCB KIMMATUYCCKUX H3MeHeHnH. AHanu3 YYBCTBU-
TCIIBHOCTHU THUAPOJOTHUCCKUX MOIICHCﬁ K M3MCHCHUAM KIIMMATHYCCKUX XapaKTCpU-
CTHK TO3BOJIWJI BBISABUTH [IBA OCHOBHBIX THMNa HeompeaedeHHocTel IlepBriii u3 HUX
CBSI3aH C aJICKBATHOCTHIO THAPOJIOTHUYECKUX MOJIENEH, MPUMEHAEMBIX JUTS Pa3IHIHbBIX
KIIMMAaTHYCCKUX CHCHAPHUCB. I‘ITO6I>I YMCHBIINUTL 3TH HEOMPEACICHHOCTH Npeajiaract-
Csl MICTIOJIb30BAaTh COBMECTHBI MCTOPUYECKUI M MOJENBHBIA MOAXOX AJsl Bepu(HUKa-
uuu Mojeneit (Motovilov, 1998). Bropoit Tun HeomnpeeneHHOCTeH CBsA3aH ¢ KIMMa-
TUYCCKMMHU CHCHAPUAMU, SABIIAIONIUMHCIT OCHOBOH A1 MOJCIIMPOBaHUA H3MEHEHUN
pedHoro croka. Mojenu HHUPKYJSIUKA aTMOcephl Aal0T MPOSKIUH KIMMATHYECKHX
W3MEHECHUH Ha CTOJIETHE, HO TOYHOCTh TAKUX MPOTHO30B HEU3BECTHA.

K HacTosileMy MOMEHTY TPOBEJCHO OOIBINOE KOJWYECTBO HCCIIEIOBAHUN
BJIIUSAHUA U3MCHCHUSA KIIMMaTa Ha pequf/'I CTOK C HCIIOJIb30BAHUEM PA3JIMYHBIX TUAPO-
JOTMYECKUX MOJEJeH, CIeHapueB KIMMAaTHYECKHX M aHTPOIOTeHHBIX H3MEHEHUH,
Pa3HBIX pEUHBIX 0ACCEWHOB B Pa3IMYHBIX KIMMATHYECKHX 30HAX M HA Pa3IMYHBIX
KOHTHHEeHTax. B Mecte ¢ TEM, CJIOXHWJIACh IapaaoKCallbHasA CUTyalusd: IO MHOTHUM
peuHBIM OacceiiHaM MMEIOTCS OLICHKH BIUSHUS KIMMATUYeCKUX M3MEHEHHH Ha H3Me-
HEHHE BOJHBIX PECYpPCOB, MOPYUYCHHBIC Pa3IMYHBIME aBTOPaMH HAa OCHOBAHUH pas-
JIMYHBIX MOJIeHeﬁ, OJHAKO 3TU OLCHKH Yy Pa3HBIX aBTOPOB HEPEAKO CYIMIECCTBEHHO OT-
JIMYArOTCs, a UHOTAa U NPOTUBOPLCHAT JAXKE IO 3HAKY TCHACHIIUU W3MEHEHUI BOJHBIX
pecypcoB. B cBsi3u ¢ 3TuM, B fi0KIage 00OOIICHBI Pe3yIbTaThl UCCIICIOBAHUN (BKITFO-
qasa aBTOpCKI/Ie) BJIIMSIHUA U3MCHCHHUS KJIMMaTa Ha pe‘-IHOfI CTOK, IMOJYYCHHBIC C HC-
MOJIb30BAHUEM PA3JIMYHBIX METOJOB M MATCMATUYCCKUX MOI[CJ'IGI\/'I, 1 BBIIIOJIHEHO
CpaBHEHHE 3THX PE3yJbTaTOB Ui psAa peuHbIx OacceitHoB ctpansl (Bonra, Iow,
Huemnp, O6s, Enuceii, Jlena).

Cnucok TuTepaTypsbl
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Estimations of Climate Change Impacts on Water Resources
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Estimations of climate changes effect on the water resources are carried out
mainly on the basis of hydrological models using different climatic scenarios. Two
main types of uncertainties were found by means of sensitivity analysis of hydrologi-
cal models to changes of climatic characteristics. The first one depends on the ade-
quacy of the hydrological model applied under the assumed climatic scenario. Cou-
pled historical and modelling approaches may be used to reduce these uncertainties
(Motovilov, 1998). The second type of uncertainties is connected with a climatic sce-
nario, which forms the basis for runoff simulations. GCMs provide the climatic pro-
jections to the next century, but precision of such forecast is not known.

Many studies of climate change impact on river runoff have been carried out us-
ing different hydrological models, scenarios of climate changes, river basins, geo-
graphic zones, continents. Unfortunately we have paradox situation: estimations of
climate changes impacts on the water resources developed by different scientists often
differ drastically for the same river basins not only by magnitude but some times by
sign of changes’ trend. In this connection simulated results of climate change impact
on the water resources are analysed and compared for several river basins (Volga,
Don, Lena and others).
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XapakTepHOW OCOOCHHOCTHIO (JOPMHPOBAHHSA CTOKA CEBEPHBIX CHOMPCKHX PEK
SIBJIIETCS] BIMSIHUE HA CTOK TMAPOJIOTHYECKHUX YCIOBUH IpenllecTByIoLiero roga. B
YCIIOBHUSIX BEYHOM MEP3JIOTHI U XOJIOJAHOTO T'YMHIHOTO KIMMAaTa ONpeNeiIcHHas 9acTh
BJIaTH, TMIOCTYIUBIIAS Ha BOAOCOOPHI, HE YCIEBAET M3PACXO0BATHCSA B TEKYIIEM TOIY
U C HACTYIJICHHMEM OTpHUIIATEIbHBIX TEMIEPaTyp BO3AyXa KOHCEpBUPYETCS B NEpeyB-
JaKHEHHBIX TIOYBOTPYHTaxX. DTa Bjlara BKIIOUACTCS B aKTHBHBIA BIAaroob0poT TOJIBKO
Ha CJIEOYIOUIMHA o, MPUHUMas yyacTue U B pOpMUpOBaHMU cToKa. Poib atMocdep-
HBIX OCAJIKOB M THAPOJIOTHYECKHUX YCIOBHH MPEANIECTBYIONIETO Tofa B (opmupona-
HUS CTOKA BO3PAcTaeT ¢ yCUJICHUEM YepT MOPCKOT0 KIIMMaTa B HaIllPaBJIEHUH C BOCTO-
Ka Ha 3amaj 1, 0cOOEHHO, B HAIIPABJICHUH C I0Ta Ha CEBEP, a POJIb JETHUX TEMIIEPaTyp
Ha000pOT CHUXKAETCS.

Kacasice mpobnemMbl aHTPOTIOT€HHOTO BIIMSHHS Ha Xapaktep (GopMUpoBaHUS
CTOKA, CJIEIYeT OTMETHUTD, YTO XO3IHCTBEHHAsI AeSITEIBHOCTh Ha BOIOCOOPAX SIBISETCS
Ba)XHBIM ()aKTOPOM ero GOpPMUPOBAHHUS W NPUBOJUT K U3MEHEHHIO BOJIHOTO OaiaHca
TEPPUTOPHI € mepepacrpereseHueM PacXoJHOW YacTH Kak B CTOPOHY YBETUYEHUS
CYMMAapHOI'0 MCIIApEHHs] U CHIKECHUS CTOKA, TaK ¥ HA00OPOT, B 3aBUCHMOCTH OT Xa-
pakTepa aHTPOIOI'CHHOI'O BO3AEHCTBUS W reodusnueckux yciosuid. [Ipu mHTEHCHB-
HOM CEJIbCKOXO3SICTBEHHOM FHCIIOJIb30BAHUU TEPPHUTOPUH, MAacITaOHBIX pyOKax
[JIaBHOTO TIOJIb30BaHUS, KPYIHBIX JIECHBIX MOXapax aHTPONOIeHHOE BO3JIEHCTBHE U
IIPUPOAHBIE HAPYLICHUS JIECHOW PACTUTEIBHOCTH MOTYT CTaTh OCHOBHBIM (haKTOpOM,
OTIPEIEISIONIAM YCIOBHSI (HOPMHUPOBAHUS CTOKA.

lomoBoii ctok OonpmmHcTBa pek Hwkuero I[lpmanrapes, rae mMacimTaOHbIE
PYOKH TIaBHOTO MOJIb30BAHMS HAYAIKCh B CPEAMHE MPOILUIOTo BeKa, JOCTOBEPHO CBS-
3aH ¢ BpeMeHHbIM (hakTopoM. st pekn TaceeBa mpoCiIeKUBAeTCsl TCHICHINS YBEIH-
YeHMs CTOKa CO BpeMeHeM, HaunHasg ¢ 1975 r., B mepuoj, Korja Hayajld BO3pacTaTh
IUIOIIAAN TPOM3BOAHBIX MOJIOAHSKOB, BO3HHKIINX HA MECTE CIUIOIIHBIX BBIPYOOK
50*-60* ro0B MPONLIOrO CTOJETHS. DTO CBA3AHO C YMEHBIICHHEM IepexBara TBEp-
JIBIX aTMOC(EPHBIX O0CAJKOB KPOHAMH JIMCTBEHHBIX MOPOJI MO CPABHEHHUIO C XBONHEI-
MHU. AHaJOrMyHas T€HAEHLUS TNpociexuBaercs i pek Vpkuneesoit, Mypsl u Ya-
J0011a ¢ TOH JIUIIb Pa3HUIICH, YTO OHA CTaja MPOSBIATLCS nocie 1984 u 1986 r.r., mo-
CKOJIBKY OCBOEHHE JIECHBIX PECYPCOB B OacceifHax 3THX PeK HaualoCh MO3THEE.

AHanu3 reHe3nca roJJoBoro CToka Mo3BoJIseT AaTUPOBATh HA4ajJ0 MACHITa0HBIX
AHTPONIOT'CHHBIX HApYIIEHUH Ha BomocOopax. [Ipu 3ToM n3MeHeHue reHesunca Gopmu-
POBaHHA CTOKA MOXKET CITy’)KUTh B Ka4e€CTBE KPUTEPHsI PAllMOHAIBHOTO 3€MIIEIIONB30-
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BaHUs. PeuHOW CTOK MHTErpupyeT U3MEHEHHsI 3€MHOIO IMOKpPOBa Ha BCEH MJIOIMIAIH
BOZOCOOPOB, THAPOJIOIMYECKHE MOCIEACTBUS KOTOPBIX MOTYT UMETh PAa3HbIM 3HAK U
KOMIIEHCUPOBATH JIPYT Apyra. B cBA3W ¢ 3TUM npejiaraeMblii METO/ IMAarHOCTUKH T'e-
He3uca CTOKa MPEANOYTHTEIbHEE HMCIOIb30BaTh HAa BOAOCOOpAaxX MajbIX U CPEAHUX
PEK B OTHOCHUTENIHO CXOJHBIX MPUPOAHBIX YCIOBHSX.

TakumM 00pa3oM, HECMOTPS Ha TO, YTO POJIb KIUMaTa B (GOPMHUPOBAHUM T'OJIOBO-
IO CTOKa SIBJISACTCS BeAylleH, HeKImMaTuieckue (hakTopsl (JIecHas pacTHTENbHOCTE,
MOYBBI, pasMepbl U T'€OJOTHYECKHEe OCOOCHHOCTH BOAOCOOPOB) Takke MMEIOT OO0Jb-
moe 3HadeHue. O6e rpymmbl (hakTOpoB BIUSIOT Ha CTOK B3aUMOOOYCIIOBIICHO, BCIIE/-
CTBHUC YCTr'0 IMPOABIIAIOTCA CHUHEPTECTUYCCKUC 3(1)(1)6KTI)I, IIO3BOJIAIOIINME OLICHUTH BO3-
MOKHOCTH PEryJIMPOBaHUSl CTOKA TaeXHBIX PEK MOCPEACTBOM JIECOXO3HCTBEHHBIX
MEpOTPHUATHH C Y4eTOM (POHOBOH MOTOAHO-KIMMATHIECKON CHTYAIIHH.

The Response of the Annual Runoff of Siberian Rivers to Climatic and Human-
Caused Changes

A. A. Onuchin

V.N. Sukachev Institute of Forest, SB RAS
Akademgorodok, Krasnoyarsk 660036, Russia
E-mail: onuchin@ksc.krasn.ru

A characteristic feature of northern Siberian river runoff is that its dependence
on the hydrological conditions of the previous year. The presence of permafrost com-
bined with humid climate results in that a certain part of the total moisture precipitated
in a given catchment remains unused in the current year and stays accumulated in wet
soil under below-zero air temperatures. This moisture becomes involved in active
moisture cycling and contributes to river runoff only next year. The importance of the
previous-year precipitation and hydrological conditions in river runoff development
increases with increasing marine climate features proceeding east-westward and par-
ticularly from south to north, while the role of summer air temperatures decreases.

Regarding anthropogenic impacts on runoff development, it should be noted
that human activity within river catchment can result in water changes of balance of
these areas, which can be evident, depending on human activity type and geophysical
conditions, either in increasing total evaporation and decreasing runoff, or vice versa.

Taseyeva river was determined to have been increasing its runoff with time
since 1975, when secondary young stands began to extend on the 1950-1960s clearcut
areas. This runoff increase can be attributable to a lower deciduous stand canopy ca-
pability to intercept falling snow as compared to conifers. A similar trend was exhib-
ited by Irkenyeva, Mura, and Chadobets rivers. The results of our analysis of annual
runoff genesis permit to date the start of large-scale human-caused catchment distur-
bances. Changes in river runoff genesis can be based upon in land use decision-
making. River runoff reflects catchment land cover changes, which can be either posi-
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tive, or negative and compensate each other. Therefore, the proposed method of runoff
genesis analysis is more effective for catchments of small or moderately long rivers
found under fairly similar environmental conditions.

While climate has the key role in annual runoff development, non-climatic fac-
tors, such as forest vegetation, soil, catchment size and geological characteristics, are
also important. Climatic and non-climatic factors have a combined influence on chan-
nel runoff and, as a result, synergetic effects occur, which allow to assess possibilities
of taiga channel runoff regulation by planning forestry treatments based on back-
ground weather and climatic situations.
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OTKJINK BOJAHBLIX PECypCoB Kape.lmn Ha KIIMMAaTHY¢CKUEC U3MCHCHUSA

H. H. ®uaaros, 10. A. Cauo, JI. E. Hazaposa

Wucruryt Bogubix npodnem Cesepa KHI PAH
Kapenus, ITerposzaBonck, 185030, npocn. A.Hesckoro, 50
E-mail: yuris@nwpi.krc.karelia.ru

OcHOBHas Ledb JaHHOTO HCCIEN0BaHMS — OLCHKAa M3MEHEHHH PETHOHAIBHOIO
KJIMMaTa M OTKJIMKA Ha HUX BOJHBIX 3KOCHUCTEM KpyIMHeWImx o3ep EBpormsbl, a Takxke
benmoro mopd. HMccienoBaHue BKIHOYAIO aHAIHU3 NPOLOJDKUTEIBHBIX MHOIOJIETHHX
JAHHBIX OCHOBHBIX KIMMAaTHYECKUX XapaKTePUCTUK (TeMIlepaTypa MPU3EMHOTO BO3-
IyXa, OCaJKd CyMMapHO€ HCIapeHHe, WHAEKC KOHTHHEHTAJIBHOCTH, PEYHOW CTOK
u ap.). IlpencraBneHsl pe3yabTaThl OLEHKH U3MEHUYUBOCTH THJIPOJIOTHMUYECKOTO PEXHU-
Ma KaK OTAEIbHBIX PEK U 03€p, TaK U UCCIEAYEMOU TEPPUTOPHH B LielIoM. B pe3ynbra-
T€ CTaTUCTHYECKOTO aHAJIN3a BBIABICHBI CYLIECTBEHHBIE N3MEHEHHsI PETHOHAIBHOTO
KJIMMaTa, BOAHOTO OajlaHca, ypOBHS BOIBI KpymHeHmux o3ep EBpomnsl (Jlagoxxckoro u
Omnexckoro) 3a nepuof ¢ 1880 mo 2004 r.r., a Takke NPUTOKa PeYHBIX BoA B bemoe
MOpe. YCTaHOBJIEHO, YTO XPOHOJOTHYECKHE PSABI TOAOBOM TEMIIEpAaTyphl BO3AyXa,
0CaJIKOB M CyMMapHOTo HcrapeHus c¢ teppuropun Kapemun 3a 120-netHuit mepmon
CoJlepKaT 3HAYUMBII MOJIOKUTEIbHBIM JTUHEHHBIA TPEH, IIPA ATOM JUIsl CYMMAapHOTO
PEYHOTO CTOKA 3a YKa3aHHBIM MEepHoJ XapaKTepHa TEeHJACHIMS K CHIkeHHI0. Cy1ecT-
BEHHBIE M3MEHEHHsI KJIMMaTa PerMoHa 3a YKa3aHHBIN MepHoJ] MOBIHUIN Ha COKpalle-
HUE MEePHUOJIa CO CHEXHBIM IMMOKPOBOM Ha BOgocOOpax U yBenndeHue 0e31eJ0CTaBHOTO
nepuoAa Ha akBaTopuM o3ep. Bo3moxknbele B 2010-2050 r.r. mpocTpaHCTBEHHO-
BPEMEHHBIE U3MEHEHHSI OCHOBHBIX XaPaKTEPUCTUK PETHOHAIBHOTO KIMMATa M BOJHO-
r'O peXMMa OLIEHEHBI C MCIIONb30BAHNEM PE3yIbTaTOB YMCIEHHBIX SKCIIEPIMEHTOB Ha
monen ECHAM4/OPYC3 s nByX CIICHapHeB M3MEHEHHUsS TJI00ANBHOTO KJIMMaTa
IPCC.

Response of Water Resources of Karelia on Climate Changes

N.N. Filatov, Yu.A. Salo and L.E. Nazarova

Northern Water Problems Institute,
Karelian Research Centre RAS

A .Nevskogo, 50, Petrozavodsk185030
Karelia Republic, , Russia

E-mail: yuris@nwpi.krc.karelia.ru

The main aim of the present study is to estimate the regional climate change and
response of water ecosystems of largest lakes of Europe and White Sea. This study it
was include the analysis of long-time data from multi-year records of basic climatic
parameters (air temperature, precipitation, evapotranspiration, index of continentality,
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river runoff, etc.). Variability of the hydrological regime of individual rivers and lakes,
as well as the study area at large related to the regional climate change is presented
and discussed. As the result of the statistical analysis of the climate, water balance and
water level for the largest lakes of Europe (Ladoga and Onego) and White Sea over
the period 1880-2004, their noticeable changes were detected. It was found that time
series of annual air temperature, precipitation and evapotranspiration over a 120-year
period contain significant positive linear trends, and river runoff contains a negative
trend for the given period. Considerable climate changes in the region in those years
are manifest also in a shorter period of snow cover in the catchments and a longer ice-
free period on the lakes. Potential changes (spatial and temporal) in the regional cli-
mate and hydrologic regime for the period 2010-2050 were estimated using the results
of numerical experiments with the ECHAM4/OPY C3 model and for two IPCC scenar-
ios of the global climate change.
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3akJ/oueHue u PEKOMEHAAUH KOH(l)epeHIIHI/I

MexnyHaponHas KoH(epeHIHs co ImKoioi-ceMuHapoMm «l mapomormaeckue
MTOCTIEICTBYA M3MEHEHUI KinMaTa» Oblia mpoBeaeHa MHCTUTYTOM BOAHBIX M IKOJIO-
ruyeckux npobyiem Cubupckoro otaenenus Poccuiickoit Akanemun Hayk (MB3II CO
PAH) o nannmaruse u npu noanepkke bpuranckoro CoBeta B paMKax mporpamMmbl
bpuranckoro CoBera 1o U3MEHEHHIO KJIMMara U mpuypodeHa K 50-neruro Cubupcko-
ro oraenenus PAH.

OCHOBHO# 11eTbI0 KOH(EPEHINK ObLIO 00CYKJIEHUE COCTOSHUS HCCICIOBaHHMA
o 1podiaeMe NPOrHO3UPOBaHUS THAPOJOTHUECKUX IOCIEACTBUN M3MEHEHNH KiInMa-
Ta, Pe3yJIbTaTOB ITUX MCCJICIOBAHMI U OOMEH OIBITOM B HMX NPOBEICHUH. BaxHOM
LeJbI0 KOH(EepeHIMH OBbUIO YCTaHOBICHHE AOJITOCPOYHBIX HAYYHBIX CBSI3CH MEXIY
yueHbIMH BenukoOpuranun u Poccnu, BeaymuMu McciIeIOBaHUS 110 COBPEMEHHBIM
po6iieMaM KIMMAaTOJIOTHH ¥ THAPOJIOTHH.

Temaruka koH(epeHINH:

e CoBpeMeHHBIE METO/BI OIIEHKH BIHMSIHHS KIMMATHYECKUX M3MEHEHHH Ha THI-
POJIOTMUYECKHE MPOLIECCHI B PEKaX, 03€pax U BOAOXPAHUIIUIIAX.

e  OnbIT NPUMEHEHHS 3TUX METOJOB M Pe3yJIbTaThl OLEHKH BO3MOXKHBIX THIPO-
JIOTUYECKUX W3MEHEHWI BCIEICTBHE BapHalluii M M3MEHEHUH KiInuMmaTa A
THIPOJIOTHYECKAX 0OBEKTOB Pa3IMIHOTO THTIA ¥ MacIITada.

e T[uaposornueckue W3MEHEHHUS] KaK Pe3yibTaT INIOOANBLHBIX U PETHOHABLHBIX
KJIMMAaTUYECKUX U3MEHEHUH.

e Bo3szeiicTBUe KIMMATUYECKUX U3MEHEHUN Ha BOJHBIE PECYPCHI, BKIIIOYAs KaK
KOJIMYECTBEHHBIH, TaK U KaUeCTBEHHBIN aCTIEKTHI.

e BnuiHue U3MEHEHUH KIMMaTa Ha BO3HUKHOBEHHE 3KCTPEMANIbHBIX TMJIPOJIO-
THYECKUX SABIICHUH (HABOHEHUA, MAIIOBOIMI HA peKax U T. I1.).

3HaunTeIFHOEC BHUMAaHUE OBUIO yIEJICHO PACCMOTPEHHUIO YKa3aHHBIX BOTPOCOB
NPUMCHHUTCIIBHO K BOIAHBIM O6T>CKT3M " TUAPOJIOTUYCCKUM IIpolecCaM B YCIIOBUAX
Cubupu u Cesepa.

Ha 3aknrounTenbHOM AMCKYCCUM OBUIM 3aTPOHYTHI TAKXKE CJICIYIOIINE BOIPO-
CBL:

® 0 MEPCHEeKTHBAaX HAYYHOTO COTPYJHUYECTBA MEXIy yueHbIMU BenmkoOpura-
HUU ¥ Poccuu 1o M3YyYeHHIO0 paccMaTpHUBABIINXCS MPOOIeM (B TOM YHCIE, B
WCCJIEIOBAHNAX MPUMEHUTENBPHO K CEeBEpHBIM pernoHam EBpo-A3uarckoro
KOHTHHEHTA);

e 0 moarotoBke PykoBojcTBa Mo pa3pabOTKe W BEIOOPY PacUYETHBIX CIICHAPHEB
JUTSL aHATIM3a TUAPOIOTMUECKUX MOCIEICTBUN U3BMEHEHUH KIINMATa;

e 0 co3maHMU 0a3 THAPOMETEOPOIOTUYECKHUX NAHHBIX ISl KOHKPETHBIX Hayd-
HBIX IIPOCKTOB,
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° 0 MCTOOOJIOTHYCCKUX np06neMax COMPAKCHUA KIIMMATUYCCKUX U TUAPOJIOTH-
YECKHX MOﬂeHeﬁ;

° 00 YUCTC BIUAHUSA M3MCHCHMI KJMMaTa Ha J'Ie,I[OTCpMI/ILKbCKI/Iﬁ PEKUM U Kayc-
CTBO BOJBI B 03€pax U BOAOXpaHUJIUILIAX.

OtMmeuasi BBICOKMH Hay4HBIM M OpraHU3al[iOHHBIA YPOBEHb MPOBEAECHHON KOH-
(epeHINN, YIaCTHUKH CYUTAIOT HEOOXOANMBIM OOpaTUTh BHUMaHUE HA OPTaHU3ALNIO
Y IPOBE/ICHNE MCCIIEIOBAHUI B CIEIYIOIMINX HAIPABICHUIX:

1. B panpHelmmx padoTax Mo aHAIKU3Y U3MEHYHMBOCTH PEUYHOTO CTOKA, MOJEC-
JUPOBAHMIO €r0 MOBEACHUS O] BIUSHUEM M3MEHEHUH KIMMaTa U MPOrHOCTHYECKUM
OIIEHKaM TaKOTO pojia CIeAyeT o0paTuTh 0co00e BHUMaHUE HA M3MECHEHHs PEYHOTO
CTOKa HE TOJBKO ISl OOJNBIIMX BOIOCOOPOB B IIEIOM, HO TAKXKE W HA €r0 BO3MOXKHBIC
HW3MEHEHUS N0 JUIMHE PeK, B KPYMHBIX NPUTOKaX B HanOoJiee 3aCENICHHBIX PErHOHax
CTPaHbI C AKTUBHOH X031 ICTBEHHOU AESATENBHOCTHIO.

2. W3ydeHue BIMSAHUS KIMMATHYCCKUX M3MEHEHUH Ha CE30HHOE pacrpezele-
HHUC CTOKA, 4aCTOTY BOSHUKHOBCHUA SKCTPEMAJIbHBIX chyauHﬁ Ha pCKax.

3. HUsyuenue mpoueccoB (GOPMHPOBAHHS MEKEHHOTO CTOKA, B YACTHOCTH, BbI-
SCHEHNEe MEXaHW3Ma B3aUMOJECHCTBHA MEXIy MOBEPXHOCTHBIMH M MOJ3EMHBIMU BO-
JaMH.

4. HccnenoBaHusi peanbHBIX MEXaHH3MOB (DOPMHUPOBAaHHUS CTOKAa C YYETOM
MacmtabHoro 3¢ dexra.

5. VYuer (akTopa HEONPEACICHHOCTH B 33ja4aX 00 OILEHKE BIUSHUS KJIMMAaTH-
YECKUX U3MEHEHUU Ha THJIPOJIOTUYECKUE MPOLIECCHI, CTOK PEK U BOJHBIC PECYPCHI.

6. OmneHku YA3BUMOCTHU TUAPOJIOTHICCKUX CUCTEM K U3MEHCHHUIO KJIMMaTa.

7. W3ydeHue BIMSHUS KIMMATHYSCKUX W3MEHEHHH Ha (OPMUPOBAHUE THAPO-
JIEA0TEPMHUUECKOr0 PEXKUMA PEK, 03€p U BOJAOXPAHUIIUILI.

8. Cuwurarh 1eIeCO00pa3HBIM OPraHU3aIMI0 CICHATU3UPOBAHHOTO MEXKyHa-
POITHOTO TIPOEKTA MO CPABHEHHWIO THAPOJOTHYECKUX Mojened (aHamormuno PILPS =
Project for Intercomparison of Landsurface Parameterization Schemes) Ha ocHoBe
eIMHOT0 Habopa BXOJIHBIX JaHHBIX (TUAPOJIOTHYECKUX H METEOPOIOTUUECKHX ), KOTO-
pBIe MpeAIoaaraeTcs UCIOIb30BaTh MPH OIIEHKE BO3/ICHCTBHS N3MEHEHNH KIIMMaTa Ha
THPOJIOTUYECKUE TPOLIECCHI.

9. I/ISy‘II/ITL 1 OICHUTH BKJIaJ HpHpO}IHOﬁ HU3MCHYMBOCTU KJIMMaTa B COBpPC-
MCHHOC IIOTCIIJICHUC.

10. Pa3paboTaTs pyKOBOJICTBO IO BEIPAOOTKE CIICHAPUEB, UMES B BUIY BapHaH-
Thl MOACITIUPOBAHUA KIIUMATUYCCKUX H3MEHEHUH U 6OJII)HH/IG pa3MEpPbI BOI[OC60prIX
OacceiinoB B Poccun.
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11. Ilpu npoBeneHNM UCCIENOBAHUN YUNTBHIBATH MHTEPECH! BOJIOXO3SHCTBEHHON
MIPAKTUKH.

12. CyuTarh Ba)XHBIM yCTAHOBJIEHHE HAyYHOTO COTPYIHHMYECTBa (Ha PEryJysip-
HOW OCHOBE) MeAy yueHbIMU Poccun u BennkoOpUTaHUH 10 U3YUEHHUIO aKTyaJIbHBIX
po0jeM BIMAHUS BapHallUil U U3MEHEHHH KJIMMaTa Ha THAPOJIOTHYECKUE MPOLECCHI
U COBMECTHOE TPOBEJICHUE JIBYCTOPOHHHUX KOH(EPEHIINH 1 COBEIIAHUI B ATHX LIEJISX.

Axanemuk O. ®@. BacunseslIpodeccop H. V. Aprenn

186



Conclusions and Recommendations of the Conference

The British-Russian conference «Hydrological Impact of Climate Change» has
been conducted by the Institute for Water and Environmental Problems of the Siberian
branch of the Russian Academy of Sciences by the initiative and with the support of
the British Council within the framework of the British Council Programme on Cli-
mate Change and devoted to the 50th anniversary of the Siberian Branch of the Rus-
sian Academy of Sciences.

The main goal of the conference was to discuss the current knowledge on the
topic of the prediction of hydrological impacts of climate change, to report the results
of relevant investigations and to exchange experiences concerning these. One of the
purposes of the conference was to establish long-term scientific cooperation between
UK and Russian scientists, leading to research on contemporary issues of climate
change in hydrology.

Themes of the conference were:

o Modern methods for assessment of climate change influence on hydrological
processes in rivers, lakes and reservoirs.

o Experience obtained in the assessment of possible hydrological consequences of
climate change (and variation) for hydrological objects of different types and
sizes (scales).

o Hydrological impacts as a result of global and regional climate changes or vari-
ability.

o Climate change and water resources.

o Influence of climate change on extreme hydrological events (floods, low water

periods, etc.).

Special attention was paid to exploring the above issues for hydrological objects
and processes in Siberian and Northern environments.

During the final discussion the following issues were also addressed:

. Prospects of scientific cooperation between UK and Russian scientists in joint
studies of the issues under consideration at the conference (including studies re-
lated to northern regions of the Euro-Asian continent),

. Preparation of a Handbook on the development and selection of calculation sce-
narios for the analysis of hydrological consequences of climate changes,

o Creation of hydrometeorological databases for specific scientific projects,
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o Methodological problems of overlapping of climatic and hydrological models,

o Influence of climate changes on the hydroicethermic regime and water quality
of lakes and reservoirs.

The participants noted the high scientific and organizational level of the confer-
ence, and consider that it is necessary to pay attention to the organization and carrying
out of research in the following directions:

1. Ongoing work aimed at the analysis of variability in river runoff, modelling
its behaviour under the influence of climate change and prognostic estimations, with
special attention paid to changes in river runoff not only in the lower reaches of
greater rivers but also to possible changes over the river’s length, in large tributaries
and in the most populated and economically active regions.

2. Studying the influence of climatic changes on the seasonal distribution of
river runoff, the occurrence of extreme situations on rivers, including winter runoff,
low water periods and floods.

3. Studying of the processes connected with low flow and, in particular, reveal-
ing the mechanism of interaction between surface and ground waters.

4. Research on the actual mechanisms of runoff formation taking into account
scale effects.

5. Taking into account the uncertainty factor in solving problems related to es-
timation of the influence of climatic change on hydrological processes, river runoff
and water resources.

6. Estimation of the vulnerability of hydrological systems to climate change.

7. Studying of the influence of climatic change on the formation of the hydro-
physical ice regime of rivers, lakes and reservoirs.

8. To consider the expedient organization of a specialized international project
aimed at comparison of hydrological models (similar to PILPS = Project for Intercom-
parison of Landsurface Parameterization Schemes) on the basis of a standard dataset
of hydrological and atmospheric variables used for the estimation of the influence of
climate changes upon hydrological processes.

9. To study the contribution of natural climate variability to modern warming
trends.

10. Develop systematic guidelines for the application of scenarios, taking into
account (i) bias in simulating climate and (ii) the large size of important Russian
catchments.
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11.To carry out research aimed at satisfying the interests of water resource
managers, including dialogue with water resource managers concerning what they
want to know and when they want to know it?

12. To consider as important the establishment of regular scientific cooperation
between UK and Russian scientists on studying actual problems of the influence of
variations and changes of climate on hydrological processes and jointly carrying out
bilateral conferences and meetings for these purposes.

Professor Oleg F. Vasiliev
Professor Nigel W. Arnell
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