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Figure 1 Six rivers into the Russian Arctic Seas and their basins
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Table 1 Basic characteristics of the six main rivers in the Russian Arctic area""
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Table 2 Seasonal and annual average runoff trends of the six main rivers in the Russian Arctic area and coefficients of variation
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Figure 2 Trend of annual average runoff of the six main rivers in the Russian Arctic area
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Table 3 Annual distribution of runoff of the six main rivers in the
Russian Arctic area and coefficients of variation during 1930-1959,
1960-1989, and 1990-2018
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Figure 4 Variation of seasonal runoff proportio
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n of the six main rivers in the Russian Arctic area

VU ERFN R i 3 R R K B 5 — b X A
R FRER] e ST ZE AR I e B b s AR
S b DX 1% R K 3G, 8 ) AR i i 2
R0 o oy —J7 T, Rl S5 AR A AT DK AR VR 1 A
BRI IN0 [F] ], (A5 2 AR b, 2R
SO, R b M DAY LR B B TR 3 SR s,
G RALES N, SEURR R, T E IR
1o, 2 RN, B AR D . Rawlins %4“F] Zhang

b



A RS PR AR X R AR U A e S A 353

2020 2

LU F GCMs M VIC RT3 L B 32 SRR 4 7 o
SRR X 78 Kt 4 R I L TR R 2
PRI IE S 5 20 B b XA 8y S )RR 7R Th YT,
T T v (A R - Rl AT SR R AR A 2 b A L 2%
AT A A R

FRZEAR L 1 [ A2 [ K Rngs LRl fksg i , i F
SR TE R TR R RGN, SR ST I AR ZE AR TR
e I = 5 G 1/ R 1 = R e
AT e B AR T I o Oy 3 R T
i SIS X RK R K A ok L
HEIE T — 840t TR L Al R i AR ks, (15
(R ST B/ = e = n R DI 1) S0 N N T
43 ANFEEEIRE RN

— ML, KB K A S L K A AR Bl
SN AR AL EE R, KIEEK—J7 1
AR K R T N AR i i 2, o — T TS i /K T
A EOR LB . A HESR R, 19412014 4F
(), 7K B it T B AR A W PR A b DX 3T 3 ) S AR
et Bt 550012 m?, H: 76% T /K FERI I &5
K, 24% 1 T 28 BRI W, 1960—1975 4F 1 [a] 45 2k
(7K B 22, 33X 5 KR TR S 34 1 e g S0 6 Y
IR 7K A 25 AR Tl i A 7K SC S, R e 1
FH R B (B R R 2 i 55 0 ke TRE ™, B %
BGETT TS AR TR AU b X B AE 24 267 12
m’ (4 7K3E S 7K AR 2R T 28 R AR LK s
WA ZE R AR 7 SR R TN 16%~75%, [H75 K
ARRS AR R AN K,

25 LA oK R RO U PR A A b XY A
PIf it s A R, — T T KR TR s
B K AR TE AR LA A R R . 1941—
2014 4F11 74 47 8], 7K 2 S 5 S5O S W oA A i X
TV B AR 5 24 7.43 k® , 1117 12 4B DX 3] 30 S 24 44
T ALK PR K B 24 2922 k', [RIIHG, T oK R
WIS I AR AR T 2R B AN B AR T 19 0.25%
AR SR E A, 5 — 7, KR TR E
ST 3 5 ) 0 B ) R PR A B o K K AR
SAF A LA W K SCS R A= 284k BT e
— B )5 231 MR 2 R e AR R E o Ak, 7K
TR TR 1 9T R b 2 428 194 52 i 1 VT 3% i o2
o ARERK 2 B IR TR AR PR X A58 B 14D 53 T A X

R 2% A58 3 B4 U A PV Tl ) R 2 0 )N , 42
TR BB W S 2 F AR SAE T IRPIRES  JU R
TR A2 7 32 2K A T AR A R A 55 . dnic B4t
Vi SE S TR (R I ATIR R e pE B 37 12 AN N L)
PR B, 73 AT e T 1 BT o S AR T AR ST
T ERRA BEARA, HAERE WA i X P
ACEB LW AR 2 R 55 Fn - BAIE, 7K 2%t
PET LT K SCIRI = AR M

TR PEA ST 12 b DX () AR AR Ik F s i AN K, (HHG
P BRI AE AR 7] 3L A 7K SCHRRAE , 17 22 K AIIRR
S AR I 4 38 2 2 1 AREAE A2 BSR FU s, 285k
KINB IR, KR TR E R B AR T
TRV AE N A3 AR R AR, 2 B K P2 1 )8 & VR e
Wi, 75 25 R0 2T K s D, A 2ot K 1K B
WL 5 F RGN, e SE i BRE D
T HEE BRI R FRE T 27%~51%, & A4k
IR K T 28%~60%""*", McClelland 252"/}
B A B, KR TR A B I JE ZEmT A2 i 2 T PR R B
M 5 R, XoF 0 S Y] A 8 V) A 9 2 1 1 5 i) G
W, KR AR TS AR XT8N o

B N S35 Bl B IR B K LR, AN ZRIOK
S 1A HE % DX YR AL 8 A% T e MK SCRRAE P A
ANRVRRBE s ma >, N DV AR, R A
A AR I DX () 7K GEVR T & I R R B A1, 2255 0% vt
IKGEVE A S MR AR T /0N, %o T R 43 L 1K BUK
NI B A b S S SR g IOK i AR
B W PR Hh X R IR B 1 70% , FHLUR = I JE ZE T
(15%) BH > B AR SRR A (8% ) Lk
TEAE AT (3% ) AR FHHLR (2% ) FED £ (1% )9,
7 19 20 70 448 A A1 80 4FA 16 FH K B i i 38, L
KA 22 1 58 e Tl R S S Y 3 ) BROK AN 7
LA AR T Y 3.9% F110.8%" 11 Jb Fi 24k 4y ] |
(EEETATING 1/ RTINS 3=l b /R ! & N B2
AESEIAR TR Y 1.5% 225 FH/K R 2 1 2R
PRI AR LSS I A5 /N SR — L4 IX, 4
B2 B AR A G A 4 4l 3T 3m] 11 Norilsk T
b DX T FE R ER EE ) b S L S h R MK A2
7KL S 8 T ) WA R STV ] 37 LA B 4 5 3 ek 1) SR
WD KB IR R AR R, R A b X 80%~
95% MUK A [ HEZRAR TR, oAk A LR S oK)=,

http://www.resci.cn



354

42 2

UK EZHF Tk A T A I EHK . T
M K S AR TR AR A gl SREET) e FE T
Tidm ., FESREET | e SET AIRLER Th Al de , ok Sy
KoL) ACRARE R ACAELEN T ek )
IKBEIR BB ST A ST B KM, MR
PRI L R DG R ZK 5 BOK 1Y B i 2 206 /2 m'/a,
it F] 2025—2030 4F 7] GEIE N5 372 42 m/a", R
X —BUK A AR 2 W PR A X 22 4 - 2442
Tt 0.01% 22 47, {H3E i1 ) BUK B $hbs 2 (i 45358 40
KR B e bt DX R Y ) AR 0 e A W A AR b

FE—i7 — I P SR 0 e B A 1 5 R s
TR, IR AR R0 M X IR 7K A5 9 UR A A A
TEL A, X OE k(2 i i 45 [ S i 4 e A
B ARG B A T, A AL
AT A L e R X A AR A R N T By A M R, S
AKGEURTT e A A AT RS2 & e 1) B LR 4, AR
2 Fi T T R 2 XA
5 Fig

R PR A b X b e 428 gt 2 L KRR K
AR B Ay o AR, 31X — Hb DX VAT G AT
IR AE T RENZL, I 2 AR ARk
o AR SO BUR D WA IR b X S KT x4
WA /R T 1930 45 LUK il 8 A2 i AR b ML, 925
B AT T A AR AL R N T Bl X M 3R AR U
M, EEGSUE .

(DAEN BRSO U b X 22—
i e —A- 20 B ERAU R M X S SR A T T
REEERT-HEM 2~3 5, M 55 k4 T
b 1 DX T A S S AR AL o AR I PR bR b X b 2R
KR KR, KGR FE PR R 0 db vk e % 29
2922042 m’ IR IK , T AL UK EE I Mo R A2 00 i i b
UKPEIR K g A B 1Y 55.6% LA [, Hrp At f8E 4k 94
T AR SREETR] 2 ZE T B E R R
AT 6 25 AT ) AR It i 240 5 AR P ST R A LR T AR
WY 63.2%,

(2)FE BRI 50T, A 1930 478, P T
IO I AR e B A T Horp 5
Beyn] v JE ZEIAT ) E SRR N 6 SR AU TR AT AR
Vi T, U R A IR R ALY
5 E R R AR AR R R g, 1

hitp://www.resci.net

TEE ZE 6 25 I R IA BT A] . VAR N 43 e |
B AR EMAERT G AR, B ZER AR T
e S TN Ll e A = N LT ) [ B s PR 5 T
AU AR b DX b R 428 I 143X — A8 AL A A1 5 ok — b DX
HIHR MK B ABFUINE R . KA
PP e E R AR, AR T S e 2R R R
+ B SRR A

BIBRRE LRI, K TREE LT H
IKEE NG SR R A A s, R
SR H T A PR ) 3T K Sk e ik | RS ) K T T AR
HETIHT O B 78 B4 O A AR K R 0 R AR AR P B R
U b DX AR T ) o BAS =, KR TR %)
X —Hb XA AR AR P B AN K H A2 3 K B
EAERM 2, 1 22 KB RN ACAR AT 0 9 3 1 2 1
FRAE A W S AR Ak, BV 2 R I 2 19 3 e O i
X, & FRumEn. mF A HSEAL, 25 K
SR W ER AU T3 ) A% T AR R M A /)N SR g
J& FE AT FN SR ER ] i 485 R 5 Norilsk Tk X 52 7K
Sl VY A T ARSI T 9 D R A A SR X
SEH DX, K BRI R AR . AT AR 3t A G
R KRR B S B oA SR JLAE AT RERF S fn
FEI A BOK f B 23 (A5 7K 5% U5 S i b, DX g Tl )1 |
kAR AR

YE RS A W UK X, 2 BRA A A AL T 5t
T IR W R AU b IX A8 AR Ak B Hx S A AR
R YNSRI L I S0 I W 7Rk S - A [N
2% FIAE WA 5% A K XoF Az b XA Sk 7K 5% 5 A T R
SLFHEA EESEME,

Bt s ¥ R R R EHAR L X F (Lo-
monosov Moscow State University ) [ 37K S & Dmi-
try V. Magritsky & 242 /£ & L5 VF 5 15 s 1L A2 P B
R EFEFLL ABL

£ %2 X Hk(References):

[1] ZEAR2 JUHAR T AR T DA S A B T T H L ok e vk A2 AL
B AIAFFEID]. thZR: o 56 K2, 2009. [Li P X. Dominant
Climate Factors Influencing the Arctic Runoff and Association be-
tween the Runoff and Arctic Sea Ice[D]. Shandong: Ocean Univer-

sity of China, 2009.]



2020 2

[2]

[3]

(4]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

A RS PR AR X R AR U A e S A

355

Walsh J E. The role of sea ice in climatic variability: Theories and
evidence[J]. Atmosphere—Ocean, 1983, 21(3): 229-242.

Barry R G, Serreze M C, Maslanik J A, et al. The Arctic Sea Ice—
climate system: Observations and modeling[]J]. Reviews of Geo-
physics, 1993, 31(4): 397-422.

Aagaard K, Carmack E C. The role of sea ice and other fresh water
in the Arctic circulation[]J]. Journal of Geophysical Research:
Oceans, 1989, 94(C10): 14485-14498.

BB AU K AL A B SARBIE YD), 77 e v [ i
K2, 2008. [Wei L X. Study on the Variation of Arctic Sea Ice
and Its Effect on Global Climate[D]. Qingdao: Ocean University of
China, 2008.]

Screen J A. Climate science: Far—flung effects of Arctic warming
[J]. Nature Geoscience, 2017, 10(4): 253-254.

Parkinson C L, Cavalieri D J, Gloersen P, et al. Arctic sea ice ex-
tents, areas, and trends, 1978-1996[]]. Journal of Geophysical Re-
search, 1999, 104(C9): 20837-20856.

Morison J, Aagaard K, Steele M. Recent environmental changes in
the Arctic: A review[J]. Arctic, 2000, 53(4): 359-371.

Lewis E L, Jones E P, Lemke P, et al. The Freshwater Budget of
the Arctic Ocean[C]. Dordrecht: Springer, 2000.

Peterson B J, Holmes R M, Mcclelland J W, et al. Increasing river
discharge to the arctic ocean[J]. Science, 2002, 298(5601): 2171~
2173.

Magritsky D V, Frolova N L, Evstigneev V M, et al. Long—term
changes of river water inflow into the seas of the Russian Arctic
sector[J]. Polarforschung, 2018, 87(2): 177-194.

White D, Hinzman L, Alessa L, et al. The arctic freshwater system:
Changes and impacts[J]. Journal of Geophysical Research: Biogeo-
sciences, 2007, DOI: 10.1029/2006JG000353.

Carmack E C, Yamamoto—Kawai M, Haine T W N, et al. Freshwa-
ter and its role in the Arctic Marine System: Sources, disposition,
storage, export, and physical and biogeochemical consequences in
the Arctic and global oceans|J]. Journal of Geophysical Research:
Biogeosciences, 2016, 121(3): 675-717.

Mcphee M G, Stanton T P, Morison J H, et al. Freshening of the up-
per ocean in the Arctic: Is perennial sea ice disappearing?[J]. Geo-
physical Research Letters, 1998, 25(10): 1729-1732.

Steele M, Boyd T. Retreat of the cold halocline layer in the Arctic
Ocean[J]. Journal of Geophysical Research: Oceans, 1998, 103
(C5): 10419-10435.

Stokstad E. River flow could derail crucial ocean current[J]. Sci-
ence, 2002, DOI: 10. 1126/science. 298. 5601. 2110a.

Vellinga M, Wood R A. Global climatic impacts of a collapse of
the atlantic thermohaline circulation[J]. Climatic Change, 2002, 54
(3): 251-267.

T, TR, T3, . VAR K SRR SR S SR A v

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

JIHTID). BEVERE2E, 2018, 40(11): 2186-2194. [Wang P, Wang
T Y, Wang G, et al. Spatial distribution and potential exploration
of water resources in Siberia[J]. Resources Science, 2018, 40(11):
2186-2194.]

Bring A, Fedorova I, Dibike Y, et al. Arctic terrestrial hydrology:
A synthesis of processes, regional effects, and research challenges
[J]. Journal of Geophysical Research: Biogeosciences, 2016, 121
(3): 621-649.

Bring A, Shiklomanov A, Lammers R B. Pan— Arctic river dis-
charge: Prioritizing monitoring of future climate change hot spots
[J]. Earth”s Future, 2017, 5(1): 72-92.

Mecclelland J W, Holmes R M, Peterson B J, et al. Increasing river
discharge in the Eurasian Arctic: Consideration of dams, perma-
frost thaw, and fires as potential agents of change[J]. Journal of
Geophysical Research: Atmospheres, 2004, DOI: 10. 1029/2004;
d004583.

Shiklomanov I A, Babkin V I, Balonishnikov Z A. Water resourc-
es, their use, and water availability in Russia: Current estimates
and forecasts|]]. Water Resources, 2011, 38(2): 139-148.

Gelfan A, Gustafsson D, Motovilov Y, et al. Climate change impact
on the water regime of two great Arctic rivers: Modeling and uncer-
tainty issues[J]. Climatic Change, 2017, 141(3): 499-515.
Overeem I, Syvitski J P M. Shifting discharge peaks in Arctic riv-
ers, 1977-2007[]]. Geografiska Annaler: Series A, Physical Geog-
raphy, 2010, 92(2): 285-296.

Johnston S E, Shorina N, Bulygina E, et al. Flux and seasonality of
dissolved organic matter from the Northern Dvina (Severnaya Dvi-
na) River, Russia[J]. Journal of Geophysical Research: Biogeosci-
ences, 2018, 123(3): 1041-1056.

Bobrovitskaya N N, Kokorev A V, Lemeshko N A. Regional pat-
terns in recent trends in sediment yields of Eurasian and Siberian
rivers[J]. Global and Planetary Change, 2003, 39(1-2): 127-146.
Richter-Menge J, Druckenmiller M L, Jeffries M, et al. Arctic Re-
port Card 2019[EB/OL]. (2019~ 12-10) [2020- 02~ 05]. https:/
www.arctic.noaa.gov/Report—Card.

Goldman C R, Kumagai M, Robarts R D. Climatic Change and
Global Warming of Inland Waters[C]. Chichester: Robarts Wiley—
Blackwell, 2012.

Lammers R B, Shiklomanov A I, Vérosmarty C J, et al. Assessment
of contemporary Arctic river runoff based on observational dis-
charge records|J]. Journal of Geophysical Research: Atmospheres,
2001, 106(D4): 3321-3334.

Serreze M C, Bromwich D H, Clark M P, et al. Large—scale hydro—
climatology of the terrestrial Arctic drainage system[J]. Journal of
Geophysical Research: Atmospheres, 2003, DOI: 10. 1029/2001jd
000919.

Yang D, Kane D L, Hinzman L D, et al. Siberian Lena River hydro-

hitp://www.resci.cn



356

42 2

(32]

(33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

logic regime and recent change[J]. Journal of Geophysical Re-
search: Atmospheres, 2002, DOI: 10.1029/2002JD002542.

Yang D Q, Ye B S, Kane D L. Streamflow changes over Siberian
Yenisei River Basin[J]. Journal of Hydrology, 2004, 296(1-4): 59—
80.

Karl T R, Arguez A, Huang B, et al. Possible artifacts of data bias-
es in the recent global surface warming hiatus[J]. Science, 2015,
348(6242): 1469-1472.

Wu P, Wood R, Stott P. Human influence on increasing Arctic riv-
er discharges[]J]. Geophysical Research Letters, 2005, DOI: 10.
1029/2004GL021570.

Vihma T, Screen J, Tjernstrém M, et al. The atmospheric role in
the Arctic water cycle: A review on processes, past and future
changes, and their impacts[J]. Journal of Geophysical Research:
Biogeosciences, 2016, 121(3): 586-620.

Gatak D, Deser C, Frei A, et al. Simulated Siberian snow cover re-
sponse to observed Arctic sea ice loss, 1979-2008|[J]. Journal of
Geophysical Research: Atmospheres, 2012, DOI: 10.1029/2012JD
018047.

Silverstein R P, Aryal S K, Durrant J, et al. Climate change and
runoff in south—western Australia[J]. Journal of Hydrology, 2012,
475: 441-455.

Lawrence D M, Slater A G. A projection of severe near—surface
permafrost degradation during the 21st century[J]. Geophysical Re-
search Letters, 2005, DOI: 10.1029/2005g1025080.

SR, BTy R - BT se R, IR, 45 R 1L pe b i 7K
It IR AR I A AR X A AR Ak e Rz )], k)1 R £, 2014, 36(3):
685-690. [Zhou ] W, Abulimiti A, Mao W Y, et al. The responses
of the runoff processes to climate change in the Qingshuihe River
watershed on the southern slope of Tianshan Mountains[J]. Journal
of Glaciology and Geocryology, 2014, 36(3): 685-690.]

Bulygina O N, Razuvaev V N, Korshunova N N. Changes in snow
cover over Northern Eurasia in the last few decades[J]. Environ-
mental Research Letters, 2009, DOI: 10.1088/1748- 9326/4/4/
045026.

WUR, FARGE, K, S, TR AR R T R R TP
FRZE HHOK PGS B SE AT, 2B &S24, 2012, 32(23): 7289-
7301. [Chang J, Wang G X, Gao Y H, et al. Impacts of snow cover
change on soil water—heat processes of swamp and meadow in Per-
magrost Region, Qinghai—Tibetan Plateau[J]. Acta Ecologica Sini-
ca, 2012, 32(23): 7289-7301.]

Tananaev N I, Makarieva O M, Lebedeva L S. Trends in annual

hitp://www.resci.net

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

and extreme flows in the Lena River basin, Northern Eurasia[J].
Geophysical Research Letters, 2016, 43(20): 10764-10772.

Brown R D, Derksen C. Is Eurasian October snow cover extent in-
creasing?[]]. Environmental Research Letters, 2013, DOIL: 10.088/
1748-9326/8/2/024006.

TR, SRR, PRER ARG PR 2B R B 7K SR |, B2
W4, 2015, 60(7): 593-602. [Ding Y J, Zhang S Q. The hydrologi-
cal impact of cryosphere water cycle on global-scale water cycle
[J]. Chinese Science Bulletin, 2015, 60(7): 593-602.]

Beltaos S, Prowse T. River—ice hydrology in a shrinking cryosphere
[J]. Hydrological Processes, 2009, 23(1): 122-144.

Rawlins M A, Steele M, Holland M M, et al. Analysis of the arctic
system for freshwater cycle intensification: Observations and ex-
pectations[J]. Journal of Climate, 2010, 23(21): 5715-5737.

Zhang K, Kimball J S, Mu Q, et al. Satellite based analysis of
northern ET trends and associated changes in the regional water
balance from 1983 to 2005[J]. Journal of Hydrology, 2009, 379(1-
2): 92-110.

Koronkevich N I, Barabanova E A, Georgiadi A G, et al. Anthropo-
genic impacts on the water resources of the Russian Arctic Basin
Rivers|]]. Geography and Natural Resources, 2019, 40(1): 22-29.
Magritskii D V. Anthropogenic impact on the runoff of Russian riv-
ers emptying into the Arctic Ocean[J]. Water Resources, 2008, 35
(1): 1-14.

Avakyan A B, Sharapov V A. Reservoirs of hydroelectric stations
of the USSR[J]. Hydrotechnical Construction, 1970, 4(4): 375-
380.

RETROR, AL, T, 45 M2 Wi 5 b B M RE IR & 255 &
VE S BT[] BE IR, 2019, 41(9): 1665—1674 [Xiong C R,
Wang L M, Zhang C, et al. Evaluation on energy geo—economics
cooperation relations of Russia with China and Japan|J]. Resourc-
es Science, 2019, 41(9): 1665-1674.]

Wk, TR, AL HERETOE T 5 T PR RE IR & 1R
JEE VBRSSP SO R[], BE IR R, 2018, 40(2): 237-249.
[Yang Y, Dong S C, Li Z H. Progress, driving forces and challeng-
es of Sino—Russian energy cooperation under the China—Mongo-
lia—Russia economic corridor{]J]. Resources Science, 2018, 40(2):
237-249.]

e A O, BRELEE. MR 7EIU L X A R ij sl S5 i 47
[J]. PEAAAERIFSE, 2015, 42(1): 21-22. [Barannikova A O, Cheng
H Z. Russian—Chinese collaboration in the Arctic: Problems and

prospects|J]. Siberian Studies, 2015, 42(1): 21-22.]



TS RPN X AR A A SR A 357
2020 2

Surface runoff changes and their causes in the
Russian pan—Arctic Region
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YU Jingjie"?, LIU Changming’, YANG Linsheng*
(1. Key Laboratory of Water Cycle and Related Land Surface Processes, Institute of Geographic Sciences and Natural Resources
Research, CAS, Beijing 100101, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. College of
Resource Environment and Tourism, Capital Normal University, Beijing 100048, China; 4. Key Laboratory of Land Surface
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Abstract: Using the surface runoff data from the Global Runoff Data Base (GRDB) and the Arctic
Great Rivers Observatory (ArcticGRO), this study analyzed the surface runoff variation
characteristics of the six major river basins in the pan- Arctic region of Russia since 1930, and
summarized the impacts of climate change and human activities on the surface runoff. The results
provide a theoretical basis to further the scientific understanding of the runoff changes in the Arctic
region of Russia under the background of climate change and increasing human activities, and for
the rational development and utilization of water resources in the region. The results show that the
annual runoff of the Severnaja Dvina, Pechora, Ob, Yenisei, Lena, and Kolyma Rivers increased at
a rate of 1.53 m’/s, 7.27 m’/s, 15.37 m’/s, 19.59 m’/s, 38.41 m’/s, and 21.15 m’/s, respectively. The
seasonal distribution characteristics of runoff are characterized by a decrease in flood peak flow
during spring and summer, and an increase in runoff during winter. Seasonal distribution of surface
runoff tended to be more even during the year. The change in annual runoff is mainly affected by
climate change. In contrast, human activities have little effect on annual runoff in most areas. The
two dominant factors, climate change and human activities, jointly drive the change in the annual
distribution of runoff. Annual runoff of these rivers has increased as a result of global warming,
while the annual distribution of runoff tends to be uniform under the combined effects of climate
change and human activities.

Key words: surface runoff; climate change; human activities; pan-Arctic region; Russia
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