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Water resources of the Russian Federation
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Average annual water resources of the Russian Federation
during 1936-2014 period reach 4350 km3/year

4140 km3/year formed within the country
210 km3/year coming from the neighboring states



Water resources of the largest Russian rivers in
km?/year and their contribution in % to the total
water recourses
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The long-term dynamics of renewable water
resources of the Russian Federation

Total water resources, km3/year
5000 -

Total water resources, km3/year R
= 1936-1980 (norm)
e 1981-2012

——Linear trend

BRO0) st b

3600 - . ‘ 1 . i
1930 1940 1950 1960 1970 1980 1990 2000 2010

The total increase in the Russian water resources for 1981-2012 period
amounted to the average of 211 km?®/year, which is 5,0% higher than it was
during 1930-1980. The water resources increase is representative for all
federal districts of Russia.
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Changes in river runoff resources by Federal Districts
during 1981-2012 period in comparison with 1930-1980

period
Average annual water A nomaly
Federal District th‘:‘fz% | resources, km’/year | (1981:2012 - 1930:1980)
1930-1980 | 1981-2012 | km’/year %
North-West 1687 607 654 47,5 7,8
Central 650 126 137 105 C 83 O
Volga 1037 271 308 370 (C 136
South 421 289
North Caucasus 170 27,5 2 201
Ural 1818 597 605 7,3 1,2
Siberian 5145 1321 1368 47,1 3,6
Far East 6169 1848 1902 54,2 2,9
Russian Federation 17098 4259 4463 204 4,8
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[lpounsoLleLlee Ha TeppUtTopun
Poccumn notenneHune —
CBEPLUMBLLUNNCA PAKT !



Regional changes in air temperature, °C/10 year (200)
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== - regionally averaged air temperature by hydroclimatic regions;
- air temperature of some selected meteorological stations of hydroclimatic regions;
Vertical lines indicate the beginning of modern climatic period;
Numbers are regionally averaged trends of mean annual air temperature (degree centigrade per 10 year) calculated over

> the modern climatic period
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Deviation from the average value over 1961-1990 period

mm/month

Anomalies of precipitation (mm/month) during 1936-2012 period
in comparison with 1961-1990 period averaged over main regions of Russia
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aHoManuu Temnepartypbl
npusemHoro sosayxa (°C)
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Poccuinckon ®eagepauun 3a
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11-neTHeMYy CKOJb3sLLeMy OCPeAHEHMIO.
JInHenHble TpeHabl Noka3aHbl 3a 1976-2010
.

(Adoknag 06 ocobeHHOCTAX KnnMaTa Ha
Tepputopumn Poccuinckon depepaumm, Mockea,
Pocrngpowmert 2011)
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KakoBa peakunga cCToka pek Ha
npounsowliegliee norenneHume?



Changes in seasonal runoff

The results of a comprehensive statistical analysis of seasonal
and monthly runoff of rivers with natural water regime led to
conclusion that the ongoing climate changes had strongly

impact on the regime of winter and summer-autumn river flows.



MeToaonorus oueHKn CoBpeMeHHbIX
KNUMaToobycrnoBrneHHbIX U3MEeHeHU BOOHOro pexuma
pek

OcHoBOWM [AuarHo3a COBPEMEHHbIX W3MEHEHUA PEeYHOro CToKa
ABNAETCA KOMMMEKCHbIN CTaTUCTUYECKUIA aHann3 MHOFOMNETHUX PAOOB
rofoBOro, BECEHHero, NeTHe-0CEHHEro 1 3AMMHEro CToka CpeAHUX pek.

Bbibop cTBOpPOB AN aHann3a Npou3BogUTCS C Y4ETOM CredyoLLInX
YCITOBUM:

e Hanuyue JaHHbIX HabnoaeHun NPoAOIKUTENBHOCTBIO HE MeHee
50-60 neT;

e OTCYTCTBUE UMK MUHUManbHOE KOMIMYECTBO MNPOMYCKOB B
HabnOEHUSAX;

* MUHUMAarbHOE BIUSHNE XO3ANCTBEHHOW OEATENIbHOCTU Ha rogoBOU
N CE30HHbIN CTOK.

C ydyetom aT1ux ycnoeunm B [TW wncnonb3yetcsd NOCTOAHHO
NOMNOSIHAEMbIM apXMUB [AaHHbIX MO MeCAYHOMY CTOKY CpedHUX pek
Poccun, KOTOpbIM CNYXXUT OCHOBOW ANA OLEHKM TMAPONornvyeckmx
nocrneacTBMM NoTeENSIEHUS NocrnegHnx aecatunetum XX — Havdana XXl
BEKOB. B HacTosLee BpeMsi apxnB HacuMTbIBaeT 6oree 400 NOCTOB
Ha pekax Poccuuy, B T.4. 79 noctoB B baccenHe Bonrn.,



B pe3yJibrate CTaTUCTU4eCKOro aHasin3a MHOrONETHEN ANHAMUKU
BOOAHOCTU 3TUX PEK YCTAHOBJIEHO:

* YTO C KOHUa 1970-x — Ha4ana 1980-x rr. Ha pekax P® npounsownm
3HaynTenbHblE U3MEHEHUA BO BHYTPUrogoOBOM pacnpenerieHum
CTOKa, XapakTepusyluwimecd, npexae BCero, CyLWeCTBEHHbLIM
yBENNYEHNEM MEXEHHOIO CTOKA, 0COOEHHO 3UMHETO, MPaKTUYECKN
Ha BCEW TEPPUTOPUM CTPaHHbI.

* 3T N3MEHEHNS yXXe OKa3blBalOT CYLLECTBEHHOE BIUSHWE Ha pan
oTpacnenm 3KOHOMWKWN CTPaHbl (3HepreTuka, BOAHbLIA TPaHCMOPT,
NPOMbILLITEHHO-KOMMYHasbHOE n CENnbCKOXO3ANCTBEHHOE
BoOonoTpebneHune).



ans KOJNTIMYECTBEHHbIX OLIeHOK npounsoLueaLmnx
KNMMaToOOOYCNOBNEHHbIX WU3MEHEeHUA BOOHOMO pexuma Obinu
BblaeneHbl [ABa nepuoga — 0as3oBbin (1946-1977 IT.), B TeyeHue
KOTOPOro He oTMeyvyarnocb HarnpaBneHHbIX U3MEHEHUA BOAHOCTU, U
COBpPEMEHHbIN nepuoa ¢ 1978 r., B Te4eHWe KOTOPOro MnpoM3OLLIO
CYLLIECTBEHHOE YBEeNMYeHne CToKa MeXEHHbIX MECSLIEB.

[1aHHble pacyeToB MO3BOMUIIM  PaAMOHMPOBATb TEPPUTOPUID MO
XapaKkTepy COBPEMEHHbIX N3MEHEHUN CE30HHOIo N ro4oBOro CToKa, a
TaKXXe ero BHyTPUrogoBoro pacnpenerneHms.

B pesynsrate 6binM  BbIABNEHbI PernoHbl C¢  Haubonee
3HAYUTENIbHLIMU WU3MEHEHMAMU CTOKa, rOe MHOroSfIETHME paabl
OTOENbHbIX  TMAOPOSIOTMYECKUX  XapaKTEPUCTUK  yXKe  Hemnb3s
paccMmaTtpuBaTb C NO3ULIKIA cTaumoHapHocTn (baccenH Bonrn, doHa,
[Henpa, pekn 3anagHon yactm ETP).



AHOManum anMHero ctoka (%) Ha pekax Poccuun

\
¢ i ’;

S 2

». W\;“‘ >
Pl s
a,%\;;‘ﬁ%

A "ib' e \‘* /
oy
.“ e A‘ -t
| \‘ ; #A
‘ N
\ 0 e
"‘ 7

Sy
D ‘g‘*“\m :
} ‘gk\\’

’\a

>

N3meHeHune
CTOKa, % |

3uma
| @ -90--40f
| e -0
| ® o0-4
| @ 40-80

. 80-120
‘ 120 - 160|

‘160-200




MHoroneTHAs AMHaMUKa 3MMHero cToka pek 3anaga ETP (m3/c)
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MHoroneTHass AMHaAMUKa 3MMHero CcToka PeK Jy1eCOCTENHOMU 30HbI

ETP (m3/c)
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Anomalies of spring runoff




WHY?

It was found out that the winter air temperatures rising led to:
 adecrease in soil freezing depth with increase of its draining properties;

* anincrease of number and duration of winter thaws, during which both
snowmelting and meltwater outflow from the snowpack occur;

 ground water recharge and surface runoff formation.
As a result, we see the river runoff during winter period increased and snow

water equivalent before melting period reduced, what created the conditions
for decreasing of spring flood runoff.



Changes in winter air temperature in the Volga river basin during

the 1946-1977 period. .,
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Decrease in soil freezing depth in the Volga river basin during
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Maximum snow water equivalent dynamics (mm) in the Volga river
basin calculated based on satellite data (Global Monthly EASE-Grid
Snow Water Equivalent Climatology)
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MHoroneTHAs AMHaMUKa 3MMHEro cToka pek
recocTenHomn 30HbI (M3/c)
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MHoroneTHAs AUHaAMUKa BOOHbIX pecypcoB baccenHa Bonru
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Summary

e The main feature of the modern water regime changes in the most part of
the country is the significant increase in water content during the
low-flow periods, especially during the winter months in the past 30
years.

¢ There are positive trends of increasing of winter and summer-autumn
low-water runoff for the most rivers considered within the major regions
of Russia.

¢ The observed "synchronization" of the low flow runoff changes
(especially winter runoff) for the large country areas and the scale of
these changes are extraordinary and have no analogues in the XX century.

e The analysis of observational data over the last hundred years allow us
to make the conclusion that such situation happened for the first time
since previously all significant low and high water phases were
determined primarily by the magnitude of spring flood runoff.




Possible future changes

There is no reason to expect any significant changes in the water
resources of the main Russian rivers as a result of climate warming in the
coming decades. Over the most part of the country it will probably be an
insignificant increase in annual runoff within its natural variability (within
5%).

Regarding to the possible future changes in seasonal river runoff it is
expected that the identified tendencies based on the observational data
will remain. There will be an increase in winter runoff which will require
adaptation efforts including revision of water reservoirs management
system.



Possible future changes

However, the most problematic regions from perspective of
water availability are the Don basin in the EPR and the upper
part of the Ob basin in the APR.

There is an opportunity of water resources declining in these

basins as a result of climate change which must be taken into

account in advance while water supply planning.



Anomalies of river runoff over the Russian Federation by 2050
Ensemble of 24 models (CMIP-5)
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Anomalies of river runoff in the Don river basin by 2050
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A3MeHeHuns1 cpeaHEeMHOrofieTHUX 3Ha4YeHUN roaoBbIX CNOEB CTOKa (B MM U % )
cepeauHe (2041-2060 rr.) XXI B. N0 OTHOLWEHUIO K 6a3zoBoMy nepuoay (1981-200

IT.), noJsiydyeHHble no aHcamMoOno U3 24 KNMMaTU4eCKunx Mo.qenev'l NnpoeKTa CMIF
no cliaanuaan RCP.AS 11 RCD_RK

RCP-45 RCP-85
Ne 1/ Pexa 2041-2060 2041-2060
HN3menenue B MM | M3menenue B % | MI3MeHenue B MM MN3menenue B %
1 |p. HeBa 10 + 25% 3 19+ 22 6
2 |p. HoH -8+ 25 -6 -10 +27 -8
3 |p. KyGanb 2+£22 1 -7+21 -4
4 |p. Tepek -1+£22 -1 -5+35 -3
5 p. Cynak -1+11 -1 -8+23 -4
6 |p. Boara 3+21 2 8+ 28 4
7 |p. [leuopa 4+£20 2 8 +28 4
8 |p. Me3enb 26 £ 38 9 36 £41 12
9 |p. CeBepnas JIpunHa 18+31 6 30+ 35 10
10 |p. O6b 9+ 12 5 12+ 14 8
11 |p. Enuceit 18+ 9 9 28 £ 12 13
12 |p. Jlena 23+ 13 12 37+12 18
13 [p. Amyp 23+ 18 14 19+ 15 11

* - MeXmopernbHoe cpeaHekBagpaTUyeckoe OTKITIOHEHME



Thank you
for your attention!

Mikhail Georgievsky, Water resources of the Russian rivers
and their changes, Proc. IAHS, 374, 75-77,
doi:10.5194/piahs-374-75-2016, 2016.



Hydroclimatic regions of Russia
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