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2070—2099 4= H [ 7K E B VR B E 25 0 o F B ME I (19712000 4F) W] BEAE 1K —1.7%~2.0% Fl 39%~6%; Van
Vliet 2513 & 3 CMIP5( Coupled Model Intercomparison Project Phase 5) i) Z i~ GCMs ( Global Circulation
Models) 3K 5l 3 A~ 2 ER /K SCHRRIAG BT 2 BRK BE W TR BT 25, AN Ak 2 BRK BE 7% T BH 16 260 e S 1R
BT, ETbIX A p AR EDRE | rh A bR R £ R M X

H i & F AR AR XT 7K B2 U5 AIZK HE BRI AT 5% R 22 LA Fh RORUBE S oh %o 2 14150, BT RHICAR IR MR
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AT SR VE R o S SR T I A v 25OR) N L 28 0Lk I B, BB B0 D) 75 2240 i S AR AR R AT /K
HLTEE 7, DA RO SR Ak L Bl A8 A X6 7K 0 5 RN BRI 22 4 RV S
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IF, ERKHIT 1980 4EJF TAELL, 1986 EREIR%E 5|
L KU 12 m, TE 3 K BE 69.50 m, IEHFER 25
1256 5 m’; KL 2 %e 3 Bk R HEHLA, S 3{\4
A 3x1 600 kW, ZAEF- 4 K HLE 1500 J7 kW-he, z
B IK LG T K SCHE IR, 7K HL 3 Ji# R K K SC S|P, &
T 1986 4F, T MK AU 608 km?e &1 1 V| ———— .
BRI LA TEOK £ KO0 B G s H00E 1134%%;?E 1300
(A B 1 PRI LK R K SO

JAE R KR SOl i A B, (HRTIYI (2010 4F Fig. 1 The river system and spatial distribution of hydrological
ZHD) FEERE W, BRI I AT . G stations upstream of Guanxi Hydropower Station

e S () R, MBI T 2 ., WA R B T R KK S 2011—2020 4E 1932 A e B BRI L EIRAH
GG, (AHET 2 N8 8, W EAS G R IE T B B KR DL X 2 S5 1 1961 —
2020 AEMREAK AR 28R LSS & S5 R 508 -

SIS U E B A AR (CMIP6) B A T 112 Bk i0s, AR, A 19 Nk
A B A 3 W (36 1), R b B R X7 PR, AR SR SR X 19 AR <
B SIS IR X AR SR RS, AU e o B o, SR ol B A b 3 Ak Y
B RURE ST 55, B BE R 1961—2100 45, 23 [A] 73 HE% R 0.25°; FERF 5T X NAELHE 2 AN A0, SAn]
R AT 2 o ANFHEEN 56T AR AR A 25 57, ThAFHEU 5t SSP2-4.5 BE% A /4 %
JEARR LT R, AN T RE KA R HERR =1, B, A58 R SSP2-4.5 HERUIE 5t T B &= .
SRR RUBE S SePPAl AR S AR Ak 3 S X K SO 4N & L T RE 52

F1 EHAREKAW 19 LIRS EERLER
Tab. 1 Overview of 19 global climate models employed in the research
5 SRR [EER 22 ) HIAR o< b 1 B AR 5 a2 SRR HE 22 AR < T RS
1 ACCESS-CM2 PRI 192x144 11 IITM-ESM R Wi 180x120
2 ACCESS-ESM1-5 TRKFIT 192x144 12 INM-CM4-8 AL 180x120
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5 AR EES 2 I B Hio 2 I AR 2 hiaea SRR EER Z2 A 50« ) WA B

3 BCC-CSM2-MR i 320%160 13 MIROC-ES2L EEN 128%64
4 CMCC-CM2-SR5 HERH 288x192 14 MIROC6 HA 256x128
5 CNRM-CM6-1 W 256x128 15 MPI-ESM1-2-HR feetes) 384x192
6 CNRM-ESM2-1 W 256x128 16 MPI-ESM1-2-LR 7 5] 192x96
7 FGOALS-f3-L s 288x180 17 MRI-ESM2-0 HA 320%160
8 FGOALS-g3 i 180x80 18 NESM3 hE 192x96
9 GFDL-CM4 eS| 288x180 19 NorESM2-LM E197 144x96
10 GFDL-ESM4 XHE 288x180
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T K S 32 SR AR ELEERZ A, K HL 3l 1) B NN SR KOS A O, T HL S 7K eI | FRL Sl e L
ZEa K PR SRR VIR R, P, A5 AR AT 7K R Sl 18 B i) NN B2 R AR R A e 3, T LA 20 % H
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(1) R EIZE K Bk E 3R KK SCaidas il Bl 2011—2020 4R 52K SCR 4 %0k, % E RCCC-WBM
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(2) I B ¥ K R i 2 S 4 1 2 (1961—2020 4F ) S R AR A (2031—2090 4F ) A 15 5 ekt
UK 5l RCCC-WBM 5 7, #i4blad 2 e Ao A PEAR it A s 1 FH & Fi s A R RIS RL ) A P 2, AE4DLAN [ i) 3
14 R HL
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PRI . EXE BRI, BT R DX RO R, SRR DS, TR 25 SR 5 R 25 o s A
RILLA R B, AN b AR A A, D AR R AR A] R e 1 R B

BB SK iy A% H SR FROK . 28R BE YR, A 4 DRSS R ERE, i R A5 T
R BRE. R HIEE KA R ZE RITINEE, Ll Nash-Sutcliffe 0% R AR X225 4 B bR e %, K H]
Rosenbrock J7 &1 TS B AL

IR 7K 7 & B 5 % HiL 5 | I s RK e & LK Sk B AR G223 KR I P A R T 45 28], 71Nk FL sl
FIZKEE EZS /0N, VR T RE 159, PRI, IBOERE /I e HE 3 e 5 K AR, RIS, /K2R & 5 | A2 45 T
FL, 3l 1 e e it R 75 MRS K B P A TR 4% I B K R 3 K, AR K R A it A8 3] H Ik A7, i ik
I 5 K R IR A TUEKAL, bR K A 25 R0 & HK Sk AR 4 1 3R AN, = KOreH, HiHP: N,
t B2 05 KORZRE T RS, B 7.0~8.5; Ore MR H R HIKR) FUE /AR (E, = NAL E R
At B ) TR I B A R H
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T EE K, DL E R 2 N BRHE EGTRE, AT 1961—2020 4 I 48 S R N A K T AR E A T
19 PR TE SSP2-4.5 4 5t F PR EE A S IR AR K ZERE, A it ok 5 2031—2100 410 28 1k
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Fig. 2 Evolution of temperature and precipitation in the basin upstream of Guanxi Hydropower Station (2031-2090)

1961—2020 4F- B & 7K HL 3 A 3038 S0 IR RN R 7K 26 A 1) 2R 4353104 0.016 3 °C/a Fll 3.457 mm/a, 35 2 31
2 TR 7E SSP2-4.5 HEU 5t T, 2030—2090 4B & /K Lk DA b AR R R 7K 1 S B el 2 o
HaH, LMEMR R 5358 0.017 9 °C/a F1 1.086 mm/a, AH LI &, RS IRAYLAER IR & T 05 BB, 5
AR R LA 1 Tim 28/ INT 1 s B

L 2 AT LA AR AERT ] 1981—2020 4F, ARSIRFHIRA T 1~5 °C, FHEHEEW] i ; A RFEKE
A T+30% Z 1], 2031—2090 4F A A G- F-BIRE K i U s . Geitas R0, MR EMER, K
SR 20312060 4F- B R K HL3 A FSs S IR MR ACK 20 A8 4k 2.1 °C[1.0 °C, 3.5 °C] T 2.03%[ —28.4%,
44.4%]; AR 2061—2090 AFS IR ARFEACHKE L EAER 73 5112846 2.69 “C[1.23 °C, 4.55 C] 1 3.85%[~29.5%,
42.6%).

[T, A AT DA 3R, A ) S O A R SR AR 7K B T A A — 2 I 25 57, ORI T 45 2 22 S5 mT ik
3°C DAL, BRI Tl 45 S K25 20T 100%, AN P2 AR AR AL T AN ] Z2 400 F) ] R
22 SETZUIAERRRMN

FIFH B K HL 3k 1 U0 R 7KK SCol A AR T BERHRIK Sk DB sl i < BEBRR i RCCC-WBM #E%, Hy
T KK S SEMAR T T RET 512 2011—2020 45, S PRIERBAUEALL 5 R AT Sk, DL 2011—2016 45 3%
W, DL 2017—2020 4F B ER o R /KK St S SR A H i s AR LA 3.

HE] 3 7] L, RCCC-WBM AR i 7K 7K S0 55 400r e g
AR LA B BBEALLOR , SE A% 5 AL A2 3 = 300 |
SR A R, I H Nash-Sutcliffe 203 REERE i 200

A IE A 2 4 1 70%, [R] s AR X R 25 AN, A =
T+3% Z 0], ARG OKSCIE BRI ), K SO

W& BE IR 3] L GoKA, BLAUURS B 3R BIL 75 7K 24, i SoIl 2013 2015 2017 2019 2021
AL 22 A0 B MR H BT U A T o
SRR, BT L T 7K B 3 72 T 9 el e B3 /KK SCEE 2011—2020 4RSI S0 il f

WA By YED o2 . £ Fig.3 The observations and simulations of monthly flow
. ARBK LI, L3S 5 (1961 ZOiO iﬁ) L patterns at Nanshui Hydrometric Station (2011-2020)
GBI R SR (20312100 4F ) 19 AT ARAE A [
FUBE AU 7 BERHBR B 32 1Y RCCC-WBM KR, AL S MASRA R Be oA i (LI 4) .
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Fig. 4 The evolution process of changes in inflow runoff from 1961 to 2020 and from 2031 to 2090 under the SSP2-4.5 scenario at
Guanxi Hydropower Station compared to the baseline period

AP 4 7T 0L: (1) 1961—2020 47 B R 7K Hi 3l A 428 i £ o 1R 552 0L 0 oy P o e 34, 2 M0 o) 2Ry
3.24 mm/a, Hir, 20 42 70 400 2010 4F 2 J5 B Bt 10 4F, A PEAR I B AR I 32, 20 22 80 4R (X AN
21 AT 10 4 AER IR ARG . (2) A R 52 F UG I AR A AR I i A A 25 5,
IR R Z A T+40%, #4519 MEIE A A, 2030—2090 4 ER K L A FEAR T R ks, H
LR ME ] R 0.082%/a. Sit4h L, 5 RUMEW] (1981—2020 4F) A Fb, AR IT ] 2031—2060 4 F1 4
R ) 2061—2090 4F B B /K HL sl A A2 Ik 1 43 ) 3 0 3.55%(—34.14%, 39.84%) Fl 5.66%[~32.27%,
41.96%].
23 SETAIIKAOLBEHFN

B R K LS R K P R AN, VAT B8 159, BRI 8E /N K R il 8 7K P 4 i L 2 S A R AR G2 A T, AR
T ASLALL I D1y 2 A e A PR Ui et FK R A RFIE S41, 11 1961—2020 4FFIR K 2031—2090 4F B IR 7K L ki 1Y
RH . 1961—2020 4ETHAE R E IR K B A2 1553 77 kW h, BER T HLE5E 1T DR SRR & LR
LA (1 553 J7 kW-h), HrIA N, X B2 20t 70 4R AR B AR 2238 il . VAR &, 3L
PN PR B K S8R, T DA AP B K H Sl 1 A FL A

5 45t TR K L3 20312090 4F % HL T 120 0
BRI E AR AL (DR | == T

TG 25 RAFAEAR R 22 57, A ST Ah ook &
Al e 22, A7 SETUE Aok & FL i T BRI, Aok R HL
HREMEI AR Z 0T [-30%, 50%]; (2) 245
KAEA PR OL T, BE K HL & L SR 2 38
R, HLR M Rl 0.083 8%/a, Fiit4h L2,

20

SRR/ %
(=]

s
Gt a1 R4/ %

L
S

TE SSP2-4.5 HERIE 5K, 2031—2060 4F- B & /K H 3 %0030 2040 2050 2060 2070 2080 2090 2100
v A L SV S 238 0 5.879%[—29.3%, 50.1%], g
2061—2090 AF X1 8.039%[—27.3%, 52.4%], Fl's  SSP2-4.5 fif 5t T FH IR /K HL 3 20312090 4F % HL L B2

FEUE (1981—2020) 1254k,

Fig. 5 The change in power generation at Guanxi Hydropower

24 T g

é}*/_:dﬁ/}ﬁﬂijﬁj(iﬁﬁ A lXiEj?JJ(ﬁ/ﬁf': AT Station from 2031 to 2090 under the SSP2-4.5 scenario
— E R B S AR SCHE ST R, R ok 2031 — compared to the baseline period (1981-2020)

2060 4EF1 2061—2090 A KL MER] 1081—2020 4FBH T+ &, 435380 2.1 1 2.7 °C; KKK B LIE L
FE, SREAE TS, Aok 2 ASBTBE IR K T RERS £ 2.0% Fl 3.9%., Wifhizs 55 BT A Mo ik —3%,
HRAMUIR AR —E 2 5707, 3% 5 R H A 8 S HERUE A R B YA G, S HERUE 52 T A TR e
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JIN: NI PR S AR AR AT 9 B R TR0, Ry — AR AR SRR 53 A i e, B
el FH Z2 A ARG T S ) SRR TRAG 25 51, AN B B A s 03 1029 S 2R s IR 4R G 31
(B 255 FilAk IX (8] 2 IPCC S5 FH AR R AT 45 2 K ORI e i Oy B2, B REE G 45 R,
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PAPL T HEZRM . BT R 5N, M R 23 5m -, S Tk i AR AR AR I i 7T g
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FE—ERREE AR F i ) LR

N E Sl R SR T RN, R AR R A (R R S S, X6/ N ERL i A SR A St A A A s A T Ay
TRAMEAE S AL TSR AW TR ZE SR . RGETT AT K/ N K HL il 14 S A8 Al 52 M PEA, KR B 7K g & Ha 1) ] Rk
FIRRE T, LA R 5 3 Iy P SR s EL A E B S

3 % iE

(1) ZAHL TN, 2030—2090 4T, ‘F R /K HL 3k DA A X ek B 5t 28 B, SOl B /K 2R
PEAR LR 539728 0.017 9 °C/a F1 1.086 mm/a; 5EEEH 1981—2020 AEAH EL, 2031—2060 4-F1 2061—2090 4
S UK TR 2.1 °C[1.0 °C, 3.5 °C] F1 2.69 C[1.23 °C, 4.55 C], MK Al BEIG AN 2.03%[—28.4%, 44.4%] Fi
3.85%[~29.5%, 42.6%].

(2)RCCC-WBM R GEAE 3 4T B ARG 7K K 3L 42 it B2, Nash-Sutcliffe 2058 Z2 504 5 0 AN 56 UF 1
Bt 70%, AHXTIRZE WAL/, 2030—2090 4F, B IR AK L u A FERR I S 1 Ik, A BEAR AR Ak i A A PR A
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BEN R T, W E— R LI A R L, B R HUTERE, S/ VK L B e R T S A

& £ X W
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Effects of climate change on inflow and small hydropower

generation in southern China

WANG Yueyang"*>** ZHANG Jianyun"*>** NING Zhongrui"***, JIA Yufan"***
GUO Xinyi*, ZHANG Rui’, BAO Zhenxin"*?

(1. College of Hydrology and Water Resources, Hohai University, Nanjing 210098, China; 2. Yangtze Institute for Conservation and
Development, Nanjing 210098, China; 3. Cooperative Innovation Center for Water Safety and Hydro Science, Hohai University,
Nanjing 210098, China; 4. The National Key Laboratory of Water Disaster Prevention, Nanjing 210029, China; 5. School of
Geography and Tourism, Chongqing Normal University, Chongqing 401331, China)

Abstract: In the context of global warming, shifts in precipitation, temperature, and potential evaporation exert a
substantial impact on hydrological patterns and hydropower production. China endowed with abundant hydropower
potential, places significant emphasis on hydropower in its energy portfolio. Investigating the effects of climate change
on reservoir inflow and hydropower output is crucial for the sustainable development and utilization of water and
hydropower resources. This study focuses on the Guanxi hydropower station, utilizing projections from 19 General
Circulation Models (GCMs) in the CMIP6. The findings suggest: (1) Under the SSP2-4.5 scenario, temperature,
precipitation, and potential evaporation are projected to increase in the coming decades. (2) Divergent GCMs yield
varying projections; however, the overall trend indicates potential increases in inflow runoff and hydropower generation
based on the mean of 19 GCMs. (3) Relative to the baseline (1981-2020), Guanxia hydropower station's inflow runoff is
anticipated to rise by 3.55%[—34.14%, 39.84%] and 5.66%[—32.27%, 41.96%] in the near (2031-2060) and far (2061-
2090) future periods, respectively. Consequently, hydropower generation is expected to increase by 5.87%[—29.3%,
50.1%] and 8.03%[—27.3%, 52.4%] due to changes in inflow runoff. These projected increments offer scientific support

for the expansion of small hydropower station construction.

Key words: climate change; water resources; RCCC-WBM model; inflow runoff; hydroelectric power generation
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