KRKEBEA(PEX) 85645 2025 F5 7 H

T, BN, Kb, 55 ARSRASMNE 5T BT SO s K SCHRRFE [T ], K FDK AR (Fh3E30) , 2025, 56(7): 109-
123. DOI; 10. 13928/j. cnki. wrahe. 2025. 07. 008

WANG Biao, XIA Chunlong, SONG Zheng, et al. Characteristics of extreme hydrological evolution in Nenjiang River Basin under future
climate change scenarios [ J] . Water Resources and Hydropower Engineering, 2025, 56 (7). 109- 123. DOI. 10.13928/j. cnki. wra-
he. 2025. 07. 008

AESIERZ T = TEULA SR iR 7K S0E R

R, AAR, R %, RS, T, #KF
(1. BRIL K KAl® ¥k, BEIIT %/RIE 150080; 2. ¥ TAHILIAA R, LT I 113005;
3. MO R AREAFI AR ARFTHENG, BRI FFA/HR 161005; 4. FEA K%
AAHELS RV ESHR, T4 K& 130102)

B OE. [B9) MoABRATSESERRE, SERAMGERBAKE, B, F#—FHRTAE
AAETAL T BUTABM B KL TR, ARBEFREFERER S L E [ FF] RBBUTIARK
FEHIR L 3h—K K L 3E, vA 1963—2018 4 /i £ iF 87, vA CMIP6 R ] SSP 3% F ( SSP126,
SSP370 A= SSP585) A % B EA HIEH IR, KA R T ABIL/E 4 HYDROTEL A I K R AE T T
2025—2100 SF H Z2AF, FREBEEAZHR(RRXBAET, RRXSAdAEZFRFRRU) PEKAE
AR ARRHAELETIRK), > ARABETHTRITABMERIIETHIE, [ER]) 2R %
. (1) RKRABETAT, HOTABRKRE SSP R FHM KRG EAREZFHE, ZAFR T
AT R EFRETAAY, ESSP12.6 R THRKRAZHFEZEE LAY, ™A SSP3-7.0
BETHAKASTHMESEITHLY, ESSP58 5 R TESTFTRAKEZERTHRASE, ()R
BB, BERTHA R KA TR TE BRI SR I L7, =R T AL (2025—
2050 4) . ¥ #H(2051—2070 4 ) F=i2 #1(2071—2090 4 ) R B 347 AR T & WA 2 — & £ 5%,
FHHESSPS8SHRTEZHMRAKBAEZT, RRXSIdAZTHMABAR T LIS 319 H 44.3%,
38.2%, [4#) ARMA4ITROMEI, R ARFOREFMRERNIH EALY RAEFIH
BRE AR E— R T AR MR R ANE TACH F T BUT R B8 K R A AR, 7T A BT R

MR TRt B RBRKEARENR KRR RESERERET —RHAE,
KW BUTARM; B RRABETA MK LIEAR; TGRS, R A Mk, B
US T
DOI: 10. 13928/j. cnki. wrahe. 2025. 07. 008 FFR R ( FIRARS% ) #5545 (OSID) : g;;g
FESES. TVI21 XHRFRERD . A MEMHS: 1000-0860(2025)07-0109- 15 : ﬁ
W

Characteristics of extreme hydrological evolution in Nenjiang River Basin under future climate change scenarios
WANG Biao', XIA Chunlong®, SONG Zheng’, WU Yanfeng*, ZHANG Guangxin®, DAI Changlei'
(1. Heilongjiang University, School of Hydraulic and Electric Power, Harbin 150080, Heilongjiang, China; 2. Fushun Hydrology

Bureau, Liaoning Province, Fushun 113005, Liaoning, China; 3. Nenjiang Nierji Water Conservancy and Hydropower

YRS EHEE: 2024-10-11; fEEEHA. 2024-10-27; RABH: 2024-10-29; MLHRBEHI: 2025-01-13

E&UWH.: EEELVIIRIDIH (2021YFC3200302) ; [E 5 H AR ERES T H (U2243230, 421010514, 42207088)

EEENT: £ %(199—), B, @i-Laisd, FENFRCEKFEEITEYIR ., E-mail: 488675247@ qq. com

BEEE. RKF(1978—), B, #dZ, WL, FEMNFFEXH T KR EPRRAFT A EEERBHF, E-mail: daichanglei@ 126. com

©kKditorial Department of Water Resources and Hydropower Engineering. This is an open access article under the CC BY-NC-ND license.

Water Resources and Hydropower Engineering Vol.56 No.7 109



e

)If{é!

&/ ARRAFEENER THO TR AR A CURBAFE

Co., Ltd., Qigihar 161005, Heilongjiang, China; 4. Northeast Institute of Geography and Agroecology,

Chinese Academy of Sciences, Changchun 130102, Jilin, China)

Abstract: [ Objective ] Global climate change causes frequent occurrence of extreme hydrology, threatening regional water
security and ecological security. The Nenjiang River Basin is located in the middle and high latitudes and is highly sensitive to
[ Methods ]

Selecting the Dalain Hydrological Station, a control hydrological station in the Nenjiang River Basin, changes in hydrological

global changes. However, how hydrological extremes will evolve under future climate change remains unclear.

extremes were investigated under future climate change. The meteorological data under different SSP scenarios ( SSP126,
SSP245, and SSP585) of CMIP6 were used as driving climatic factors. The calibrated and validated HYDROTEL model was
employed to simulate the daily runoff volume from 2025 to 2100 under future climate change. Peak flow indicators ( maximum
daily flow, maximum 5-day flow, and flood days) and low-flow indicators (low-flow days and consecutive dry days) were
extracted to analyze the extreme hydrological evolution characteristics of the Nenjiang River Basin under future climate change.
[ Results ] The result showed as follows: (1) Under future climate change, the variation trend of extreme hydrological risk in
Nenjiang River Basin under different SSP scenarios will be divergent. There is no significant change trend in the peak discharge
index under the three scenarios. In the SSP1-2. 6 scenario, the low water flow index will witness a significant upward trend, while
in the SSP3-7. 0 scenario, the low water flow index will experience a significant downward trend. Under the SSP5-8. 5 scenario,
the number of consecutive drought days will witness a significant decreasing trend. (2) The change trend and fluctuation
characteristics of peak flood discharge index and low water discharge index are different in different periods. In the three
scenarios, the mean values of different indicators in the near term (2025—2050) , the medium term (2051—2070) and the long
term (2071—2090) show certain differences compared with the historical period. Particular in the scenario of SSP5-8.5, the
mean values of the long-term maximum daily flow and the maximum 5 d flow will be 44.3% and 38. 2% higher than during
historical period respectively. [ Conclusion | Under the future climate change, the intensity and frequency of floods will show a
significant upward trend, while the intensity and frequency of droughts will show a certain downward trend in the Nenjiang River
Basin. It can provide important references for the mitigation of agricultural drought and flood risks, water security guarantee, and
comprehensive water resources management in the Nenjiang River Basin.

Keywords: Nenjiang River Basin; historical period; future climate; extreme hydrological index; trend; spatiotemporal changes;

extreme precipitation; flood

0 51 §

Bt A BRI AR AR AR IR LA B DX 3k A 283 31
SRR R, K SCER AR I T k| R
IR i, 2020 45, KITRBE A A R K
TN LR 2 TE AT 700 41205 2021 457 H, W
BRI W BB TR 1200 1278, 2022
AR, RITHGE 8 1961 4F DIk i ™ H 4 T 57,
ATV 48 Ir il 37 (0 B4 R R 23K 58. 22 4200, it
BT R R ARSI | AR L At 4
PR B R T ERARARD F, AT
WSt /K SCHEAE , X AE IR A 4 | Bk A
PHREAAEEMILE X,

ARk, [ AN G M it 7K ST AR REAE
FIRT KRB, KB K S AR 5 S AR 1k
WYIMIE ) o, S 5 AR A s A Bk R A
DI R K SCHRFR B, xRk . 78 % . B, +
B A L B, B RS R AR A S

110

UK, R RN RFSE I ) 55 & AR Ot R ROk R
AT, AKIGERRE e — 2 ks, B4 AR K AT
PR 23 % R CMIP6 1) 22 A4
SRR R B, KRR A AL T, 2061—2090
AEFE B VIO THE 2 °C, WK PEER I, okt
WA B S AR IR K 5 d R 50a — 1B Y B G 4
M 10~20a, HEEHIEEY XA KRR TG AL T
AT PSR S B HEAT T AT, A AR SR R
IKERA A B T ke g, IF H ARttt A
BEMREES, WU SR RS RCP4. 5 1 5
AHEG, 7E RCP8. 5 1% 5t T WLt ks 28 1y 58 22 1 4 g
Rk, b SOE A K XU . SUN 4512 L
7 S R A S A A A A 1 £ B AR 9 2 A Xy T Bk
B AT AR DA S AE 22 KARBE ] DAd e i K SCAY IR
B, BE. FEARRARIGEST, RR4AFERAEBKHER
Wt 48% , i T Ui Y 22. 2% 7E SSP370
TR, W E T R0 R 139. 20% ., BT

KFIZKEBEA(FEL) $565 2025 FE£7H



TR R HK s AT AR R AR B MR AR A i s kK
A SR T 5Tk, SR TIICIE S8 AR BRAR A K
A5 H AR AU . AR R T W A2 it A A
GEEZ I BN 4 BR AR Ab A Ay SRR A v v
LHEEHLIC, AHOCHYBETE AN LA D

BT e e R L) R o R M R A A5 T g
DX, KOG T DR B 22 R A A2 4x .
Tt b A R, %A BRI SR MR R
HAE 50 a RAEHRIEIES N 0.36 C/10 a, PR
TR EPERROR R R SRR R, LR
ST SEAE R B A i K SCEAE AR K, JUHJR A 20 a LA
KK SCT TR 1O S R A B R sk 2 R M
AT T RORISEN . SR, ASRAURAELT, Bk
VLR S K SCRA R TR O S, 9 e i —
IR, ATERE, WL, AWFSE e Ui A F
FEIX, SR HIH7 S S A AR LR S S Ui S e s
X ( Phase Six of the Coupled Model Intercomparison Pro-
ject, CMIP6) Fl HYDROTEL #5555 UK sl 45 48] Y = Ff oK
K SSP (SSP1-2.6, SSP3-7.0 il SSP5-8.5) /i & ~ H
TR, AEPRIBONIT B AR i K SCHE A (I I 2 A
MK i) O BERS B, XF Fe o B 1 o s AR R ST R
SRt At AR K TR AR bR, RSSO R AR AL
IR A S K SRR AR, WFFES R Al D R
Sl g AR R XUBG X | K 22 4 R B LA B K B R
SaERERM—ENSE,

1 B XSS B R IR

1.1 BRI

BT TR TE . ARG BRI 3 A
AZFAL b B AR R R 119° 12" E— 127° 54" E,
44°02'N—51°42' N, Jss =6l m Ak 29.7 7 km?,
BT R U5 T e VTR KOG S IR L, 2K
1370 km, JEAMAETT A A ST, WO 3 4k K
ERETORA KT EEZE, W IREHE
AR ER R A e, AKREFE, REE
B WA KK RN 937. 4 mm, H/MEBKE
Jo152.5 mm, B KB A 5 E B OKE K
82% 7 | WL IR B RIERAE 2 C $l 4 C 2
], B AR IR N - 39.5 C, mEmiREN
40. 1 C™ ) BOTHTLA oA BWREE, INEAIR, Rk
WA, MR, B L, Wi 25 k]
TRERIR R A TR GE M R T i B, R L RS R Y
Y . B IR FUIR R R B VA T b 28 = 200
PR BT R B, AT A T BT Nl X, 23R

KFIZKEBEA(FEL) $565 2025 FL7H

T B, &/RREFEENERE TR TR EARRICURRAHE

R 7 X L R A S R TIRE X T
AR KRR ZE U X, O U R s iR 2
KFFIEV TR . BT A SO, JE R ITAR
SR A ity KR SR (R R 3R g S R i T
AN P 7 NE o 7 o 1 S E g o

122°E 124°E 126°E 128°E 130°E

52°N

50°N

48°N

Z
2
% ' s f
Mmoo < L
High : 1735 ~——a
- ® K4
§ Low:1 7 LT 0 50 100
S PN — -
O K3k e w—— km

B 1 ST, ARk &K FEKLLE S H
Fig. 1 Sketch map of topography, river network and Dalai

hydrological stations in the Nenjiang River Basin
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Fig.2 Changes in peak flow indexes including annual maximum daily flow, maximum 5-day flow and duration of wet season at the

Dalai Station for the historical period and future climate change conditions
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Table 4 The coefficient of variation of the maximum daily flow,
maximum 5-day flow, duration of wet season, dry water days
and consecutive dry days at the Dalai Station for the historical

period and future climate change conditions

=B izt J7 S st 3 SSP1-2.6 SSP3-7.0 | SSP5-8.5
K H i 0.58 0.49 0.51 0.79
oK 5d ik 0.58 0.49 0.50 0.73
FARREL 1.12 0.99 0.91 0.96
Hi K REL 0.70 0.55 0.61 0.51
LT R REL 0.95 0.71 0. 65 0.62

A E Bk, fE SSP1-2.6 f 5t F . SSP3-
7.0 H S N AR . SSP5-8. 5 1 Rk H
il K S diE ., FEARRBISEART st
(WA 5); 7F SSP3-7.0 1 5 T, SSP5-8.5 & &
TrHARES R R A E, RS dE . FARKRE
PE#ER e T 00 s e, Hodr ) 7E SSP5-8.5 &5t M I
], RRKHRE, &K S5d e, FARREIEE
B K, AT Py s i 53 500 =5 44. 3% . 38.2%
26.2%,

Dishet i, K HGE, RS dE, FKR
B 13.58 (m® - s7')/a, 12.83(m’ - s7')/a,
0.1 d/a BYHEARIGM (VLK 2) . 7E SSP1-2. 6 1 5 T i
KHWw, EARKES UL 0.01 (m® - s7")/a,
0.06 d/a BRI, BT 2 0 B AIK T by o2 i 409
MK S dmENLL1.23(m® - s7")/a BYE R D,

T B, &/RREFEENERE TR TR EARRICURRAHE

FE SSP3-7.0 i & M KR H & . ek 5d i, FK
KESHLL 9. 12(m® « s')/a, 5.70(m’ - s7')/a,
0. 09 d/a Iy a3k R FLI ISR T L . ¢
SSP5-8. 5 St M K H it i, e K 5 d Ji & 40 5l LA
27.03(m’ « 7" )/a, 16.19(m® « s7')/a (IR N H
BN R T = Dy s e, T FE K KRB 0.02 d/a
()R

FEDT S B R =g S N R OR H i K S d
R AR R (R 6) ;s DR
SSP1-2. 6 il SSP3-7. 0 1 5% T F /K K& 2 Mk o =& 1
T, M SSP5-8. 5 1t N FAK R EE AR B
TR

1E 7 S 1963—1983 4F L K 2008—2018 4F- 1
[ K H = 1 UF fiZR7E 0. 05 B &K P R IR
DANZEAT (WL 3), BUERBIZE 0 i L ks, Uiiix
Aof ] B2 B G BH 8 A8 fb M R 32 T AE 1984—2007 4F 12
BORWIR A BT, A 7E 1987—2001 4F & i 2%
PE T RS, 7E SSP1-2. 6 1 55 F 2025—2037 4F |
2061—2068 4L K 2079—2086 4F- 11 8] K H i & JC
WA, TR H AR BN 2RO I B T R
¥, SSP3-7.0 5 F 2039 4 N R AE M, M 2025—
2039 4F B K H Wi 2 AR W T R B,
2040—2090 AEN| 2 9E B 3 Ve E b 7 SSP5-8.5
5T 2025—2030 4E LA K 2072—2081 4E31 18] K H ¥
I AR e g R ] B N R I R Y
P 0 =E 8

TE 1963—1983 4F LA & 2006—2018 4F 3l [] % K
5d s B ILE 4), 7E 1984—2005 4
SR S B WA BT, HdhAE 1986—2001 4F
SEREM LTS, fE SSP1-2. 6 1f 5N KAt
W B b ka % {UAE 2038—2043 4E L K 2072—
2078 AE NSRBI A T R, 7 SSP3-7.0 1E 5

R5 FEMPAMRKSEEZXTAREEABRE, ZKA5JRE. FARY, HAREMEZTERENHE

Table 5 Mean annual maximum daily flow, maximum 5-day flow, duration of wet season, dry water days and consecutive dry days

at the Dalai Station for the historical period and future climate change conditions

S K B idd/m® - s K5 dfift/m’ - s FRRH/d MK KHd EGT R

4537.0 3822.2 18.3 54.8 18. 1

i 4363.1 3738.2 18.1 39.4 15.0
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5diRE. FARY, HARBMEETFERYERITER
Table 6 Trend analysis results of maximum daily flow, maximum

5-day flow, duration of wet season, dry water days and consecutive

dry days at the Dalai Station for the historical period and future

climate change conditions
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Fig. 3  Abrupt analysis of maximum daily flow for the historical period and future climate change conditions
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Fig. 4  Abrupt analysis of maximum 5-day flow for the historical period and future climate change conditions
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Fig.5 Abrupt analysis of duration of wet season for the historical period and future climate change conditions
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Fig. 6 Changes in dry water days and consecutive dry days at the Dalai Station for the historical period

and future climate change conditions
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Fig. 7 Abrupt analysis of dry water days for the historical period and future climate change conditions
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Fig. 8 Abrupt analysis of consecutive dry days for the historical period and future climate change conditions
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