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1.1 EriEE

A BE UE T BRI S T R AR A X L AT TR 2R 6 BrBL(CMIP6) 11 13 A Ak e bi=l (%
1)1961—2100 4EREKFAIRE H & . 25 BRI BR B0 B B RG22 K, BT XA [ 3 984
(AR SRR AT N B AR 25 1T IEAN B, A5 3R 22558/ INI 0. 25° x 0. 2540 H B . Sk siT v
JI RSB OLIN A A 4y 56T 2 400 A3 [ Mb TR S5 6 il W 9 e 22 B P 3 30 VA (A v 1 TP ] 0. 25°

0. 25943 B3R [ |5 7K IS R g 12021 .
1986—2010 4F-E e 1 H LI I f2t P 510 U8 T BT i 3ok SCRERE, T3 2R v A AR 25 e R A A 28

TRF o
1 134 CMIP6 GCMs IR EREE
Table 1 Gemeral information of 13 CMIP6 GCMs

P (NN B IIPER (L x B
1 ACCESS-CM2 Commonwealth Scientific and Industrial Research Organization, Bureau of Meteorology 1.2°x1.8°
> ACCESS-ESM-1-5 Australian Research Council of Excellent for Climate System Science ( Australia) 1.2° x1.8°
3 BCC-CSM2-MR Beijing Climate Center, China Meteorological Administration ( China) 1.1°x1.1°
4 CanESM5 Canadian Centre for Climate Modelling and Analysis ( Canada) 2.8°%x2.8°
5 CNRM-CM6-1 Centre National de Recherches Météorologiques-Centre Européen de Recherche et de 1.4° x1.4°
6 CNRM-ESM2-1 Formation Avancée en Calcul Scientifique ( France) 1.4° x1.4°
7 HadGEM3-GC31-LL  Met Office Hadley Centre ( United Kingdom) 1.3°x1.9°
INM-CM4- 1.5°x2.0°
8 NM-C 8 Institute for Numerical Mathematics ( Russia) 57 x2.0
9 INM-CM5-0 1.5°x1.5°
10 IPSL-CM6A-LR Institut Pierre Simon Laplace ( France) 1.3°x2.5°

Atmosphere and Ocean Research Institute ( The University of Tokyo) , National Institute
11 MIROC6 for Environmental Studies, Japan Agency for Marine- Earth Science and Technology, 1.4°x1.4°
and R-CCS (Japan)

12 MPI-ESM1-2-HR Max Planck Institute for Meteorology ( Germany) 0.9°x0.9°
13 MRI-ESM2-0 Meteorological Research Institute ( Japan) 1.1°x1.1°
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1.3.2 RABAETAL RRBATE

IR US4 Y Bl R R ok UM AR B 5 T 48 T BiLAG 19 % J7 ¥ 22—, HBV ( Hydrologiska Byrans
Vattenbalansavdelning ) 7K SCERU 4] B Mt [F K SCR R R R, BT SEUD | i AR ZORARA AR SR
Wit SO B T 2 WAR, e ERAS 12 0 A, P HBV-D AR KRB K SCBERlir &,
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AR | BEAKHE - B o i A 3 U AR AL 5t (SSP1-2. 6, SSP2-4.5 SSP5-8.5) Tilii |
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SLR R AR IR (IRHERD) o B R R ERAR R h AR (R ARHER) | NI R TR AR 0 R A (R HERD
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PP ERCAF ( XoF bz A AH R B[R] RUBE Y H i FDC AR T s W — kb B, o T T 7% 18 1986—2010 &AM
BEZSIE SRR R K R R 455 S A 3 A S B A R AE S R AR Ak, FRAS A A g s ) RUBE (%) ORI 42 5 e 371 1 o
PEEOS REAE G 1 B AR IS B 2 AR R, ARG X Z T i — b 2

TE TSRS A BE 75 28 i 24 i NG sl 0 A6 I 11 AR 2542 J00 9 B T SR M g, SR RS 1 (50 1L 4288 R 0 —
RAb PR . AR, THUGE BORERAE . B, Ea k3 =0 BRI 91T R B ) RBE Y
BAEESHRFRAESE A, HESBRSEBSRFZEZFRGEEESEN, HGAESER S AR
FI AR R EERREE . N T B A R AR E M, RS S IS I 5k, Sl o
13 AT A AE SR, SR A A4 E G AR SR AR Ak,

2 ZERAT

2.1 SEEKXITERRITE
2.1.1 &%

2 FIH T AU AR R 5 AT TE K XIS DA B R RO B REPEAG 45 2R . Rl LU
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, BEECRR A PO R R 22T 1,28, ITIEARRA/NT 0,13, BB ESE T 05 I S5EAR 1Y
HHRRBCN0.95 ~0.98, HITIERAFCREE R 1; BURMAHEXREZE R 0.84 ~1.23, ITIERR
T 1 BRIRA RIS 0.93 ~0.97, ITIESIR N 0.97 ~1.00; BITIESIRAYX 3 868 E %
U1, RENTIESIRM 2 B0 AR A5 N7 AR H H230T, BE 0 b P B ] e S A 3 <L
2.1.2 Bk

322 G T AR R S AT IR B R X B Y AR R K B AR BE PP AL S5 SR . IR ITLLE
W, K A O R IR IR 2240 0. 47, ITIEROKA/NT 0. 17, BRI T 05 WL 545
ABHURFK A RN 0.56 ~0.87, SiTIER/KIAHE REFET 1; BEXBFEK X FRIEZE R 1.59 ~3.03,
ITIEFEK 8 0.99 ~1.09; R FEKZEEFI5EE 0 0.22 ~0. 68, TTIEMEKEI KT 0.97; BEIITIEREK X
3AMERMER T 1, RIITIEREK A2 R A A5 UL S 58 S e0r, A B Al P B B A R K

F2 EXEEHUMTEMENSE. FRKSMNENENLEER

Table 2 Performance of mean annual temperature and precipitation by climate models and bias correction

AR AEREK
Ezﬁ R, o, E s S R, o, E s S

X e X ITiE &R E #Et aTiE #Et iTiE #ERX iTiE X e R TE

1 0.97 1.00 0.91 1.00 1.28 0.02 0.96 1.00 0.74 1.00 2.15 1.03 0.82 0.04 0.44 1.00
2 0.96 1.00 0.84 1.00 1.47 0.02 0.93 1.00 0.75 1.00 1.75 1.02 0.85 0.03 0.57 1.00
3 0.97 1.00 0.93 1.00 1.80 0.01 0.96 0.97 0.77 1.00 1.64 1.09 0.74 0.17 0.62 0.97
4 0.95 1.00 0.89 1.00 3.48 0.13 0.94 1.00 0.76 1.00 2.47 0.99 1.16 0.04 0.37 1.00
5 0.97 1.00 1.22 1.00 3.19 0.05 0.94 1.00 0.76 1.00 1.84 1.00 0.54 0.08 0.55 1.00
6 0.98 1.00 1.23 1.00 2.51 0.08 0.94 1.00 0.77 1.00 1.78 1.00 0.51 0.08 0.57 1.00
7 0.96 1.00 1.02 1.00 1.48 0.03 0.96 1.00 0.85 1.00 1.63 1.01 0.64 0.04 0.68 1.00
8 0.96 1.00 1.01 1.00 1.60 0.03 0.96 1.00 0.64 1.00 2.94 0.99 1.93 0.03 0.25 1.00
9 0.95 1.00 1.02 1.00 1.49 0.02 0.95 1.00 0.56 1.00 3.03 1.00 1.90 0.03 0.22 1.00
10 0.97 1.00 1.19 1.00 4.17 0.09 0.94 1.00 0.87 1.00 1.67 0.99 0.47 0.04 0.68 1.00
11 0.96 1.00 0.93 1.00 2.95 0.04 0.95 1.00 0.86 1.00 2.03 1.04 1.14 0.05 0.55 1.00
12 0.97 1.00 1.03 1.00 1.59 0.07 0.97 1.00 0.83 1.00 1.78 1.05 0.59 0.03 0.61 1.00
13 0.97 1.00 1.10 1.00 1.29 0.02 0.96 1.00 0.67 1.00 1.59 1.06 0.50 0.05 0.57 1.00

2.2 RFREMBETTHE
2.2.1 HFHEBEL

SSP1-2.6., SSP2-4.5, SSP5-8.5 1§ 5t T £ xU4E & F- 1 B4R Y SR TE 2026—2100 4F AR 4351 L4 0. 1 C/
10a, 0.3°C/10a, 0.6 C/10 a W BETE, ME 1) SHAGTI . tpil | il 3 i~ 20 E A
BIESIBAEERIPT LG, CHERCS STHERS , AR SR S T = 1.5 ¢, B 21 e kIinTt
B2.1°C; AR SRR M 1.6 CHNE] 21 HARA 3.1 °C; SHEc SRS, THE IR
AR 2.0 CHEOmME) 21 kK19 5.1 C, DMHUEGTHRE 6 C, R SR ALK 3 FiiE 5 (RCP2.6,
RCP4.5, RCP8.5) Nt Fhas . FLi B e i s TR HE RS S e i — 30
2.2.2 FMBAKRETEK

SSP1-2.6, SSP2-4.5 SSP5-8.5 15 N 2 #1447 B B 4F B K & 78 2026—2100 45 1 i) 43 51 LA
0.7 mm/10 a, 1.8 mm/10 a, 4.0 mm/10 a PYEREEHGHN, MIE 1(b) 45 i), mhil) w3 Mg st~ £
B P AEREK AL 0T LUE th, ARHERCN S8 s e, B BT 3 I R K BE S 43258 DA 199 9
11. 7% ZHHE M) 21 KM 15. 4% 5 TPAFHERCRE SO ZE T B3 10. 9% , %) 21 22K 19. 6% ; =
HERCRE S i, 3 ASBFBO I 13.2% | 22.7% | 32.7% , R FEKEIEINE 40% , Bk
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F 5T AW 2 RCPs( Representative Concentration Pathways ) {5 T 1 it 5k [ 7K AR AL A 435 1 — 3k 13234

6 1 (a) 4ERARL < 407 (b) SRR AR
o’ é] £ 30 D
3 = @0} =
? | % _F - 5 ik 27 =
BT | ofg & = |
P1 P2 P3 Pl P2 P3
I B IR B
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Fig.1 Changes in annual mean temperature and annual precipitation of the multi- models relative to baseline for 2026—2050,

2051—2075, and 2076—2100 under scenarios of SSP1-2.6, SSP2-4.5, and SSP5-8.5

2.3 BEHERESER

WG 1.3, 4 I, AKWES TR IUEER 4 DFTETHERE N0, ABRFHIRHA 0.295
0.150, 0.222, 0.375, 0.030, FWIAKIESEREM 1 AER OASER, i, BEESRRZEiR™
H, HIRERZ, £F220E/,
2.4 REEFFERBUE
2.4.1 FASBATUE

L35 T 3 FE S R (SSP1-2.6, SSP2-4.5, SSP5-8.5)2026—2100 4EAE4 I AE A2 RO AR 28
AR R ML M, NSRRI LA H, SSP1-2.6, SSP5-8.5 15t F 2R E A P E AR S B
2026—2100 4[] 735114 0.003/10 a, 0.014/10 a BHEE R ES N, Hrp, SSP5-8.5 M RH @Rk, ML
W1 0. 106 A1 ] 21 4K 0. 172 SSP2-4. 5 15 F R I S5 b m B Betk A2 (2 (a) ), 3
WL R ARSI A 0. 110, 0. 115, 0.109, K 2(a)i#b— R, RAIEIEARPRAE L RIBY BEVE
A, 3 FE ST 2026 4 E 21 MAREASE R NIEME, RTREMED 0 BB AR, 3 MEFTE 2026—
2050 AFHFARZEASS, fH 21 LRI SSP5-8. 5 1% 57 B R T Hiflh 2 M5

®3 TEBERT 20262100 FEAFHHE, FHESERENEE
Table 3 Rate of changes in multiple model mean of annual and seasonal ecological flow under
scenarios of SSP1-2.6, SSP2-4.5, and SSP5-8.5 during 2026—2100

R SSP1-2.6 SSP2-4.5 SSP5-8.5 SSP1-2.6 SSP2-4.5 SSP5-8.5 SSP1-2.6 SSP2-4.5 SSP5-8.5

3

i 0.003 ** 9x10-° 0.014* 5x10°* 0.001 ** -0.001 ** 0.002 ** -0.001" 0.015*
HE 0.004 ** -1x107° 0.008 ** -1x107* 0.001 ** 8 x107***  0.004 ** -0.001 0.007 **
H7 0.001 3x1074 0.009 ** -2x107* 0.004 ** 7x1074 0.001 -0.004 ** 0.008 **
& 0.003* 0.002 0.022* -2x107* 7x1074* —9x107***  0.003 0.002 0.023
47 0.003" 0.006"*  0.038 " 8§x107°  -0.0001 -0.001 ** 0.003 ** 0.006 ** 0.039 **

V. FoRiEIE 0.05 BT RKE; ot 0.01 BEMAK T,
SSP5-8.5 155 FAES LR EBHRFLL0.001/10 a B G E T, B4 M 0.034 T &3] 21

AR 0.031; SSP2-4.5 15 FIILL0.001/10 a (AR B8, MIEHIMGT 0. 039 ZF#ima) 21 e Rk n
0.044; SSP1-2.6 ff5t FHEA RGN, (HEFAAEE, 3 ABTBCAFEN 0.032 ~0.036,, 3 MFRE, SSP2-4.5 #
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Fig.2 Multi-models mean of annual and seasonal eco-surplus,

eco-deficit and net eco-flow for three periods under different scenarios
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Projection of climate change impacts on ecological flow in the Yellow River basin*
LIU Lyuliu', WEI Linxiao®, XU Ying', XIN Xiaoge', XIAO Chan'

(1. National Climate Center, China Meteorological Administration, Beijing 100081, China;
2. Chongqing Climate Center, Chongqging 401147, China)

Abstract: Climate change and human activities has severely changed streamflow and eco-flow in the Yellow River
basin. It is of great significance for the long- term management and planning of water resources to analyze whether
future climate change will alleviate the impacts of human activities on the river. Here, daily runoff was simulated
using hydrological model which was driven by the dataset of 13 climate models from Coupled Model Intercomparison
Project Phase 6 ( CMIP6) after correction. Then, both annual and seasonal variation of eco- flow at Huayuankou
station from 2026 to 2100 were estimated based on the method of flow duration curve under scenarios SSP1-2. 6,
SSP2-4.5 and SSP5-8.5. The results suggest that bias was reduced obviously after correction, human activities
severely affected eco- flow at the Huayuankou station during 1986—2010, the increasing trends of annual mean
temperature and annual precipitation will be significant from 2026 to 2100 with the smallest rate under SSP1-2. 6 but
the largest rate under SSP5-8.5, and climate change will alleviate the negative impacts of human activities on eco-
flow in the Yellow River Basin to some extent, with the most under scenario SSP5-8.5, and the most in winter but

the least in summer and autumn.

Key words: eco-flow; climate change; bias correction; eco-surplus; eco-deficit; Yellow River basin
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