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Abstract

The future changes in water resources due to climate change will have a significant impact on the eco-
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nomic development of Hubei Province. Utilizing measured runoff data and surface water resource data,
the past water resource situation in Hubei Province was analyzed. Based on CMIP6 multi-model ensem-
ble data, the BP artificial neural network and runoff coefficient method were used to estimate the inflow
of Danjiangkou Reservoir, the fourteen water resource zones in Hubei Province, and the total water re-
sources in the province. The results show that from 2023 to 2100, the annual inflow of the Danjiangkou
Reservoir exhibits an increasing trend. From 2023 to 2100, the water resources of Hubei Province show
an increasing trend, with an increasing trend observed in each water resource zone. Due to the esti-
mated uncertainty, the assessment of changes in Hubei Province’s water resources also carries signifi-
cant uncertainty.
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Figure 1. Meteorological stations in Hubei Province and the upper reaches of the Han River

B L S RUT B RS
2.2. WHBKIR

A CFHH CMIPE Erdfa g 2 MU 5 (SSP2-4.5 1 SSP5-8.5) T 13 AN 4R Mg b A HEAT S At (2 1)
(https://wcrp-cmip.github.io/CMIP6_CVs/docs/CMIP6_source_id.html), it B R & vk 750 AL & DU i
3843 2 9 0.25° 1 HRUEE RS 2503 , 1285040 4 1) I 18] RUE iy 1901~2100 4 o A% S HL 2023~2040 4, 2041~2060
FEAT 2081~2100 E =AM, LB 21 LI, A A SR AR A I FE IR, IR 1995~2014 AEAE Jy kit
W1, F T LB A v R AN PR A A A 2 R

Table 1. Description of the 13 GCMs used in the paper
F* 1. XA BALERSEE#R

TR S KPP x LE)
ACCESS-CM2 IR 1.25° x 1.875°
ACCESS-ESM1-5 TRIFE, 1.25° x 1.875°
BCC-CSM2-MR th 1.125° x 1.125°
CanESM5 JIIE PN 2.8125° x 2.8125°
CNRM-CM6-1 £ HE 1.875° x 1.875°
CNRM-ESM2-1 FENES| 1.875° x 1.875°
HadGEM3-GC31-LL HL[H 1.25° x 1.875°
INM-CM4-8 % Wi 1.5 x2°
INM-CM5-0 2 15 x2°
IPSL-CMBA-LR tERES] 1.26° x 2.5°
MIROC6 HA 1.4°x 1.4°
MPI-ESM1-2-HR 1 5] 0.9375° x 0.9375°
MRI-ESM2-0 HA 1.125° x 1.125°

S AR AE SR 1 SE 2 DA 1 i 7R, 1B HY 1956~1990 4E TN IT U A 34 MR R S H RIS EE .
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Figure 2. Comparison of monthly inflows of Danjiangkou Reservoir between
1951~1974 and 1975~1990
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3. ARFA&*
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AR AT T B AL K B IR T

TR KE LT 3 M H RIFAKE 4 MERENRMANER, FERARKRZWIEA I PO 2 2= 500 .
Reil == (0 R B0 B O Tanh BR300, M EARERIR R, REUE LEECh 9 2, BZ2 28N TE, #
SIHER 0.4, K RZEN 0.01.

1% 1956 4F 1 H 3 1990 4F 12 H & H HdEAE A SEFEA (1] 3), Hor 1956 45 1 H % 1982 4= 12 A 1E Nl 4k
(3L 317 4Y), 1983 4 1 H % 1990 4 12 HENMIREE L 96 ). Hrh il ZRieahtt 22 2408 0.89, FHX 1R %
MRE = 0.21; RGN RE R NSE = 0.89, MXTiR%E MRE =0.22, MAERERE, NGEMNT R REN
0.99, AHXTiRZ MRE =0.08; MHASEGNA 2% 2% NSE = 1.00, AHXi%Z% MRE = 0.05.
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Figure 3. Comparison of observed and simulated monthly inflow discharge of
Danjiangkou Reservoir
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Figure 4. Runoff coefficient for three-level water resource zones in Hubei
Province
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Figure 5. Actual and predicted surface water resources quantity in Hubei Prov-
ince from 1999 to 2020
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4, SIETH TGP EKFIERG
4.1, FIOKENERERM

KH CMIP6 HidisErh 2 NHERU 5 (SSP2-4.5 11 SSP5-8.5) T Y 13 N ER SRR (GCM)BEAT S AR Tifli, I
T A RBE D7 R SRAS UL B 1) 73 % 09 0.25° 1) H REE A% s, A8 AT SRR BP N AN P 25 A1 3]
B ARI . 2023~2100 FAE P B AR K, 7E SSP2-4.5 15 5 N AALIF E 7E-9.2% %) 10.3%, {E SSP5-8.5
15 N LR FE 7 —-4.9% %) 15.5% (] 6). ML AL HIRE (G5 2), {F SSP2-4.5 155t T it &40 (L1 E ) —0.63%
()2 0.69% (), 7E SSP5-8.5 15t M EALKIESE )N -0.82% (I HA)F 2.67% (). £ SSP2-4.5 15t T,
I PR R A (AR AT L 93 59 A —24.40%~34.00%  —18.94%~15.44%#1-26.44%~31.62%, 7£ SSP5-8.5 155 I,
T AR AN I AR A T L 9 591 N —19.49%~13.01%% . —20.74%~18.32%H1—25.55%~25.18%.

FRHE 1956~1990 “EFHT /K FENFETRRAET A, B2 RE Cv N 0.35, fESMEAEMEMT, Si A Cv {EY
ARG, AR 7). ERRARB AT, fEirBAFd R, SSP2-4.5 f55 ~ Cv {H.A 44 KT SSP5-8.5
5, fEaEll, SSP2-4.5 155t T Cv fH M AA/NT SSP5-8.5 1 5. Xt SSP5-8.5 155, Cv HAKI N, At55]PEHY
fns X%F SSP2-4.5 1 5t, Cv B{LEHAHE.

4017 407
30 b= 301 a0
- 4 A 4 s A EY . W
M 209 o DY ‘o y \ y M / & 209 /‘/\' \ ) PV \ / A4
R N \ O / \ A A/ A ,,v /\
m 10 VY AN An Rty VY s /K \
I~ \/ . / o
A N A L e e
=201 ¥ V N 201 - - o o
-301 -301
-40 T T T 1 -40 T T T |
2040 2060 2080 2100 2040 2060 2080 2100
(1) SSP2-4.5 (2) SSP5-8.5

Figure 6. Anomalies percentage of inflow discharge from 2023 to 2100 at Danjiangkou Reservoir
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Table 2. Anomalies percentage of inflow discharge in near, mid, and long terms at Danjiangkou Reservoir (%)
2. FHIOKER, H, EHﬁAr/;lLEMEE$§ﬁ$(%)

e 2023-2040 2041-2060 2081-2100
7
o SSP2-4.5 SSP5-8.5 SSP2-4.5 SSP5-8.5 SSP2-4.5 SSP5-8.5
mNE 34.00 13.01 15.44 18.32 31.62 25.18
SEHME 0.63 -0.82 0.21 0.77 0.69 2.67
/M —-24.40 -19.49 -18.94 -20.74 —26.44 —-25.55
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Figure 7. Coefficient of variation Cv of Danjiangkou Reservoir inflow in
different periods
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4.2. #ALEKFRETE

K CMIP6 HdfadErh 2 MHERUE 51 (SSP2-4.5 AT SSP5-8.5) T i 13 MR AEA AL (GCM)BEAT A% Tifdh » 3T
I b REE T ESAS AL 2 ) F e 0.25° 1) HRFEMIMS B a8 1T kAR im RECES BK SR E R 5.
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BN, &AL IR EE 2 58 7.10%. 10.57%#1 19.22% (&1 8). 7EA RN 1, W14k /K3 V&4 B b,
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Figure 8. Estimated water resource trends in Hubei Province from 2023 to 2100
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TEFFIME SR, XTI S K BEIR o3 X 758 1 1) 7K B8 5 A 1 s P S5 B WK, SSP5-8.5 f 5t N I/K %
TR NI BE 5 SSP2-4.5 1 5t R (7 3). XITHA, SSP2-4.5 155t NG INIEEETE 2.79%~5.36%, I 7t rg 25 Hh 384 i FE
/b SSP5-8.5 17 5t N 1A INE £ 7E 6.08%~9.26%, 58 PG Ik LI R AN SE 7R B S5 389 Il i #e 2 . f R , SSP2-4.5
5 NG IR BEAE 6.54~10.77%, WAL LTI IR R 2, SR 7 ra S5 Hh 8 i 225 /b s SSP5-8.5 15t T 3 i
JEAE 8.49%~14.24%, SRVGILARES YLPCFIRAGESRIEE RSP AR AL iR E 8 2 . X, SSP2-4.5 f55tF
HINEFEAE 11.44%~16.72%, 5575 A 50 7R e S M B e B2 e/l A6 48 A6 ST T pig S G iR FE AR 22 5
SSP5-8.5 1% 5 N AN EAE 15.47%~22.81%, 25 J4 T 25 by 184 i e e 20>

F| 21 2ok, XHFRULIK, 7£ SSP2-4.5 1 SSP5-8.5 ', FHI M LA /K Bk & AL 43 5N 4.1% %
24.2%F1 11.4% % 35.4%; FHL LR, Fiit SSP2-4.5 F1 SSP5-8.5 N HI/K % i & A8 b 18 Fl 70 7 N 1.2% %
26.4%#1 10.1%% 40.0%; XfT 47, SSP2-4.5 Il SSP5-8.5 {1484k F Tilit 70 i 3.6% % 27.8%F1 10.2% %
36.6%. X T H B W O, {E SSP2-4.5 Fl SSP5-8.5 1, YL AI/K ¥ Y & A 4b Vi [ i 114 %1 0.3% % 20.8%
F1 4.4% % 29.2% . TR I A ] 11 /2 7 7E SSP2-4.5 F1 SSP5-8.5 ' [ ARk Y [ 43 71 Ay 4.6 4 23.8% 411 7.6 % 43.4%.
UE & QDU 1 5, SSP2-4.5 Al SSP5-8.5 T Tl i 7K B3 i & [ AR AL Y [l 73 7] 9 1.6% % 28.7%41 8.7% % 35.9%.
T I RO A TR S5 R L 3.

Table 3. Range of water resources quantity in different regions under different climate models (%)

3. FRISHERA T &5 XKERENLTUTE (%)

» SSP2-4.5 SSP5-8.5
= 2023~2040 2041~2060 2081~2100 2023~2040 2041~2060 2081~2100
S 5e BT T [-0.1, 11.6] [2.5,16.2] [4.8, 21.6] [0.4, 16.3] [1.4,15.3] [8.0, 32.3]
R A [-0.8, 12] [1.9,18.2] [2.8, 23.0] [-2.2,17.9] [1.6,17.9] [6.4, 28.6]
FHT LA E [-1.9,8.9] [-15, 14.7] [4.1, 24.2] [2.8,17.9] [5.3,17.8] [11.4, 35.4]
FHT AR T [-2.4,11.0] [-1.1, 15.5] [1.2,26.4] [-3.1,21.5] [3.3,19.4] [10.1, 40.0]
T FE I X [-3.2,13.9] [-0.8,22.2] [4.4,30.6] [3.2,21.2] [1.7,22.7] [7.3,36.1]
K [-2.6,10.7] [-0.5,15.2] [1.2,20.9] [0.1,17.7] [4.5,16.4] [4.1,23.8]
BT [-3.4,9.6] [-2.0, 14.6] [0.3, 20.8] [-0.9,17.3] [35,17.3] [4.4,29.2]
BELUTF [-3.6,11.2] [0.1, 13.8] [1.3,22.5] [-1.0,11.2] [3.3,16.1] [3.8,27.0]
J& ] [-2.0,13.2] [-2.1,20.1] [3.6, 27.8] [-0.2,20.7] [4.3,22.0] [10.2, 36.6]
FEFIML L7 [-2.0, 13.9] [-3.5,18.4] [4.6, 24.3] [-0.9, 17.6] [2.5, 22.8] [9.8, 38.3]
R WO [-0.7,10.9] [-1.8,15.6] [4.6, 23.8] [-0.2,17.3] [4.6,18.8] [7.6, 43.4]
HEZHE TR [-2.3,10.5] [-2.1,15.9] [1.3,22.5] [-0.7, 18.7] [4.4,16.5] [7.5,34.0]
ER=ENE NS [-3.8,9.8] [-0.5,17.8] [1.6,28.7] [-4.2, 21.6] [0.9, 20.4] [8.7,35.9]
POLH T [-2.9,10.3] [-1.3,14.9] [1.3,22.2] [-0.1, 16.0] [3.4,17.2] [3.5, 24.5]
Bl [-0.2, 12.4] [0.1, 15.6] [1.4,24.0] [1.4,18.6] [3.2,17.1] [8.9, 34.5]

5. Wi S54iL

VIS TN S SN 75V R A i [ = YR I e PR A W B N e [ = 7 i R C i 7 S (7
BT FHL IR E, CMIP6 45 LW FHT D EAR R B 80, W16 AR R I B i &2 i
e Besh, KL ERRAKBAERIAL S ARk h S EBORILE, ARPTFERY, BB K G AR R RS
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R ESA BTN, HAS KRS P KRN & T 3 KA [12] 5 AR AR AR AL S W04 B A= IS 0
UK EAAEATEN, XA 7K BHUE & 1A PR AR CEBOR AN E

R EZERA:

1) FEAK 80 4E[A], FHT LI/KFEMIENFER R SR SO N Aass, HAE 2 2808, Rk,

2) AL BEK AL RN S, S KBRS X R I I g, L rp S T R K B IR 43 X S e N T
HAth oy X o
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