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Abstract
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Fig. 1 Characteristics of the largest river basins of Russian Plain
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of surface and underground waters can be in general put forth as follows:

AWIdt = P(O) - Qs() - Ogr() - EQ).
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Funoft, mm; Qg runo, :
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Methods of calibration of parameters

‘The model includes 10 parameters: 2, al, b, k. K, kg, Hgmax, Hg, Tos, Thp. Hgmas — the maximum water reserve of ground aquif

Hgl - the nitial (for v of average ~do)

tempeatur of the besining of snowmelt ([mm 1° up to -3, Hgmas. Hel, Tos, Tp were selected empirically for cach estimated
- of parameters of the model Rosenbrock procedure of

i method of sordinate descent with aternative change of axe. Optimization was fulflled

ization was used, whic

Iy river basins, but the p ided into four
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‘monthly values of evaporation at k.m; of grade grid for cach river basins. At the second sage parameter b ized from relation
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ulfilld by the dats on runof. A practiceofus of
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“Thus,data rom global archive prepared atthe Iternational Institue of Applid System Analysls nsm Were used as the initial val

Description of the data used

Data on the present-day climate

‘Mean monthy values of air temperature, sums of precipitation and river
a

noff, soil water reserves at knots of regular grid deseribed below

Besides, fulfiled with daily spacing by time, the so-called quasi-daily
data were used, . monthly ipitation and - i y
ly decreasing i i month). Mean monthly values of air

temperature and precipitation at Knots of regular 0o 1 1 fom suplementcd bl arhive prepard  he nternationat it of
Applied System Analysis [1999] were used. These dats
Data on river runoff

data on mean ly of river Fegular grid of (1°x 17 or less) for large river basin

Fig. 2. Representative sub-basins of Don river basin

data on river runoff referred to average weighted center of basins, and then were interpolated into knots of a regular grid. In calculations data on
period between the 19305-19405 and 19805 were used.

Data on deviations of climatic elements from their present-day values
I

sis of climate For estimation of iver runoff characteristics
Late Holocene, (which as an analogue of
1 196) resuls of fuliled on the models of general
irulation ofthe tmosphers and the ocean (AOGCM) ncluded n the PIP program were use: MP| ECHAM, GFDL CDG R30, UKMO HADAME
Results of numerical the ocean included in the IPCC program (MPIfV
ECHAMAIOPY3, HCCPR in future.
Results of fiom A2 and B2 families of fglobal chargs i XX romte ot nproved SRES
seres of such ted in the IPCC progr [1PCC Special ], The authors of the
2040-2069) for mean
aitemperature from thei present-day values (calculated for the period of 1961-1990),
Di ion of results of i
Climatic conditions
Late Atlantic Optimum
Stode econsiuctons of deviaionsof mean annual i empesatare and atmospere precilaion o i peiod from el
present-day values obtained by MPI ECHAM3 model differ considerably from the corresponding results by another two models (GFDL
DG R and L 1M TADAM2). The main differnce of the above-mentioned groups of reconsiructions~ is thlr distintion in the sign
of deiations (Table 2). It especially concerns devintons of ar temperature. Accordin o calcalations on MPI ECHAMS model in the
Table 2. Deviations of climatic clements and river
Funoffin basins of Volza, Dnicper, and Don from
their prescnt-day values in the conditions of
Late Holocene Optimum (5-6 thou. years BP).

perio of Late Ataic ptimum basins ofall versunder consderaton werecharateized by warmer condionsus compared wit
contemporary period. In accordance with the other two reconstructions (obtained on the basis of calculations on GFDLCDG

RO TAD AR mde) 56 howsand curs o bt colder omalfions wert absers6d on he whal eprtors (eseludin fhe Daieper
iver basin). Reconstructions of deviations of the atmosphere precipitation of basins of the largest rivers of Russian Plain fulfilled on
MPIECHAM3 and GFDL CDG R30 models also differ between themselves by sign, however on the average for basins they make a few
per cents of the present-day values by absolute value. The first model represents a bit more humid climate, whereas the second one - more
arid. According to reconstruction of precipitation obtained by the model of the Meteorological Office of UK (UKMO HADAM?2 model)
sign of deviations of average annual atmosphere precipitations in river basins is different, and in per cent expression

value of deviations is close to zero.

We should note that reconstructed mean annual valucs of ir temperature and atmosphere precipitation of Late Atlantic

Optimum obtained on the basis of the model of the Max Planck Meteorological Institute, Germany, (MPI ECHAM3 model) turned to be
close to the results of paleoclimatic reconstruction based on results of analysis of fossil pollen of plants [Klimanov, 1976].

XXI century

According to all three scenarios under consideration in the basins of large rivers of Russian Plain climate way

ted (Table of phere precipitation is

ning, more intensive i the

middle of XXI s exp

Table. 3. Deviations of climatic clements and river
Funoff i basins of Volza, Dnieper, and Don rivers
from their present-day values in the conditions of
anthropogenic climate warming in XXI century.

ATy (OC), APy (mm), AHy (mm/%), AHspr
(mm/?%) - deviations of mean annual

f precipitation, river
r and flood (March-May)

Funoff depth over a y
correspondingly

more complicated. According to the scenario based on simulations on the model of aboratory of s of the
Princeton University, the USA, it is expected that practically on the whol territory (excluding the Volga River basin lower the confluence
with the Kama River) annual precipitations with increase both in the first one third o this century, and in its middie. Besides, thir
crase ill b most vident i the midaleofthe cntury. Diferen iuation with the atmosphere precipitation
oo of e b s b e e o e S P NIl It o, s et
on investigation and forccas of el " by the frst model on the average forthe Volga river basin at both
sag . £ we should exp the Don and Drieper rivers basins almost
general but insignificant decrease of the atmosphe on i possible. Forecast scenarios of the Hadley Center are characterized
b diffrent sign and absolte value of e changes o diffrent ¥ basias bt come mataly ol dcrease of preciitation.
Hydrological conditions
Late Atlantic Optimum of Holoc

river runoff(Table 2)

iver runoffin Late o i abtained
by caulaions n MP1 ECHAMS model,which exceeded 10% as compared with (he contemporary period was bserved n the Vol
viver basin, which s als clos 0 esus obtained carler bsed on tradional methods f palcoreconsructons and sastical
i i Ve 1988]. A w0 in the basins of the Dieper
nd Do iversthe grees ot deiaonsof annl v runfl, i rached 27% and 16% corrspondinh, ere e
Calculations of deviations of mean annual iver runofl GFDI o the fact, that
b e Lt Alnte Optiear of Holoene i fhe s f e svers ofRnsunFii vl ies ranoff s bgher o she
presntdey on, lo gy, excluingthe Deper v s and he st prt ofthe Volg iver b where v
make part of the Volga fgn values of annua river
runoff from i day values the s by i
HADFAM2 modl,
Intra-year distribution of iver 1y

1 (Fig. 3)

iods - the Late Atlantic Optimum of Holocene and the

contemporary period -
regime elements. Even in case of sight deviatons of iver runoff (see Table
registered (Fig. 3) . the intra-y i ly manifested at boundaries

._:—q'--—‘—-

lA‘r = % ok

Fig. . Based on ECHAM/OPY3 palcoclimate scenario Tig. 4. Based on ECHAM/OPYS climate scenario, 2050, B2

of hydrological seasons ofa year, especfally winter-spring, and in the regions where contemporary winters are unstable Le.in more
Southern and western regions of Russian Plai Funoffin
Tor ier i af Rasian i are sl out. Basos of e Dnieper and Don rivers, in which much more appreciable differences are
obervd:which embrac ot oty he o phas, bt the whole wnterperiod 1wl belo 0 on of he s Fi. . i cse n
runoff, an nee” of lood season in
winter period accur. In case of the second type (The Volga river and its parts) compact oot o v by way of
Tedistrbution of runoff bewen (o maln anths f oo s abservd; he pes ofthe flood shit (o crle e period and desreases,

“The singled out types of response of he intra of remain with certain variation for
XX century

Mean annual river runoff (Table 3)

According to climati i physical Laboratory of Hy the Princeton University, the USA, in each basin the

most appreciable increase both of off and flod runof can I)kﬂpcnul The most significant increase can occur n the middle of
the century, and especially in the basins of the Don and Cal

Meteorological Insitute, Germany, show that in the basin of the Volga River increase of runoff is also pos
‘compared with the one considered above. In the basin of the Don and Dieper rivers aceording to this scenario, on the contrary, deerease
of river runoff can be expected, which wil be especially significant in the middle of the century.
scenaio of th Hadley Center an st and frccst ofclimac, UK, iy o primarydeccase ofsivr ol he bsins o the
Volga and Don rivers. At runoffin » of can  bitincrease. Distribution of possble
changes of i territory of the Volga riy t0 scenarios
of the Geophysical Laboratory of Hydrodynamics of the Princeton University, the USA and the Max Planck Meteorological Insttute,
Germany, almosteverywhere increase of river runofis expected, whereas basing on the scenarlo of the Hadly Center on investgatio

and forecast of climate, UK, in each part of the runoffcan be expected. of scenario
estimations of iy iges both by ic of the part of the Volga river basin situated lower
the confluence with the Kama River.
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pmondh an accur.Comsidered fatre of cange P year disribution of runafars ypiet both for

Funoff by
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in XXI

are ngled out. But seakis of mirs anaua v a4
Conclusions

Late Atlantic Optimum of Holocene

eteibution can be more sgnl

basing of th largestrvers of Rusian Plain climate conditions of the Late
ean annual air

idered
Attantic Oyllmum of Holocene are reproduced i

emperature and atmosphere precipitation differ between themselves both by the absolte value and sign. The mean annual vahues of
paleoclimate elements obtained on the basis of the model of the Max Planck Institute, Y, (MP1ECH
furned to be cose (o the results of the palcoclimatic econstruction based on he results of the malysis nﬂnml pollen of plants.
‘The most evident decrease of mean annual river runoff in the Lat of from the paleocli
econstruction obtained by clctatons on MP ECHAMS mde), D with y period, was
observed inthe basin of the Volga River, which is als close t the results abtained earlier, which are based on tradi fonal methods of

i i the same t o this scenario in the basins
of the Dnieper and Don rivers § ¥ y g 3 the present-day one by 25% and 16%
correspondingly, was observed.
XXI century
According to seenarios of Laboratory of Hydrody f the Princeton University, the USA, the Max

Planck Meteorological Inst

ute, Germany, and the Hadley Center on investie

he gt ivers of Rusian Plan i XXI very consdrabl, o betwee themsaves and elativeyeven by erritoryincress ofthe

mean and seales of change of phere precipitation of the territory

differ considerably, but at the same time i e changes do not exceed 10-15% of the present-day mean annual sums of
recip

river runoffis possible i ‘olga, Don, and Diep ifthe of th
Geophysical Laboratory of Hydrodynamics of the Princeton University, the USA, i realized. In case of realization of the climati
Scenarios of the Max Planck jical Institute, G d the Hadley Center on investi forecast of climate, UK, less

considerable, both positive and negative changes of runoff can be observed.
Intra-annual distribution changes during warm climatic epochs in past and in future
‘Together with changes of annual runof especially in the first one third, and by the middle of XXI century considerable changes of the
intra-year distribution of river runoff by months can take place in each of the basins under considera 0 types of response of the
intracyear distibution of unoff i I rivr basins of Rusian Phin are singld ou. Basins of the Oniepcr and o sivere v
much more appreciable znanm embracing not only the flood phase, but period, can be expected, them.
oy Vol od wave by
vt oo o b operveds he peak of i will i o arler period and i il decreae.
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