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Fig. 1 Topographic map of Guizhou Province
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Tab. 1 Basic information of selected four climate models
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BCC-CSM2-MR hE L, BCC 1.13°x1.13°  0.5°x0.5°
CAMS-CSM1-0 i, CAMS 1.0°x1.0° 0.5°x0.5°
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MIROC6 H 7%, MRI 1.4°x1.4° 0.5°x0.5°
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Fig. 4 Interannual variations in precipitation, water resources amount, and water consumption
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Tab. 2 Model validation and evaluation metrics results

M4 MAPE  RMSE R? MAE MBE

IKEERNRAE 0.123 83 12.143 1 0.990 63 4.2649 —0.195 18
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R HH A2 T CA RN 7K i LI 10, 25
R, BEMAE T (A M TR AR SR B 75 K i 24 52 B

RS FERTA T CRIA M) H, SR B
A T 18 e 7K AR AR XS B /0N , Al B 10 /K BAR



B

ZENTH 45 LT CNN-LSTM [ 5 M 48 7K 98 U 75 /K S0 5 a3 o0 B 19

BT L SR R AE AR DG 8 ST R K R
Al di ki35 . A SSPS8S i HERLIE SR, R T
WA K AR T D SR BB N T 3. 3942 m?, i
MG T 4. 5542 m*, AT RS Tl 7K S i 56 L
T 3 5k SR AR R AR YT OK . TR
T 5CR & T CHIA N ) AR 7K G 398 i i 5 ik Ok T
SSP245 (IR HE L IE 5t . TCIRJEAE SSP245 ik j& SSP585
T 5T 75 K A2 A R T 4, 3 PT RE
COM JEFFEE T m T B ZE HUR AR M1 5, B K
FI TR RS T KRNI T, Tk s 4521
FEBTE P A8 A T 7K IR A IR W N, 1 78 535 &
AR HERICRE 56T W K B AR .
3.4 e

TE = HERCTE 5 SSPS8S T, S 41 (AR M)
K U K i 3 (F41E 28, 6%+11. 2%) , H:
SR i =l = SIS N ) & o) g P s
TEAR F10N R 3 i fe K GIL I35 4042 m?) 1 53
7 DA 3 AL AL R (89. 7% ) HIl 55 A5 M i Be /1N (8. 6
fem?) o MER K GEIR Y 32 BN A VR, 7K A AR 4k
EH W T KBTI AT P . A B T e S 2L
R KB e A 728 Al A4 A K B 185 M DA R i 3 7K
FAR L X SR R L WS 7K BT E A
Tho & CHIARM ) KGR 528 Ak Y 25 SR ) 5K
BE R o3 A1 0 AN B A G, 33X b AN 4 4 1 52 3
& A5 ORISR A5 22 R 3R A S [R5

TEXRS BN A AT CH IR ) 75 7K B 1R B i
SR BT TG RIS TR K B AFAE 3% 25 57
XA A T4 L K &5 0 1 Z2 R DL ROR K B
P55 SR AN [ RO R B o e 7K it 28 b 52 2 (] S
TP, Aol 32 5 X Gl S 55 ) W Re A2 T 5k
MG S (4. 5544 m?) o 7 = HEJU 5 SSP585
T, R AR A TR X A Ml VEE B K A
R . B KR AN AT e ARl HE R R K
K Ry T 22 WK 23 48 T b A2 It 5 M R K B9 Rb 45 7K
S, DT B R R T K B . K R Y 2
ZR AR SR B A DK Tk
& A K A AE A T S ARl K B IR A
PR LR BORIE RS o TR BR A RN 43 BT ik 2 PR X

Tl E AR B K RAE R LA EEN RS
B

ABIFFE 08 L K AR ek 2k K B+ PR AR AN
B3 R R K S - 2 B - B SRR AR, I A
BT B e X kK R T R . XA
AT LLR B S i R TR BE 2 2] 5 v (A eyclegan ) i 4T
s 25 18 TE AR T 5 2 o AR SR AR AR X HE ) 3 g
HETE Sk i SR AL A KA, AR TS

4 ZEig

a) A BT 5T HE T 2004—2023 4R 4 T gt My 1
CNN-LSTM Fitiisi 2y 3 4ok Y1l G5 55 gk, 455 U 7 13
DT 55 v e B0 €, T 285 2R 5 S B B = JE W)
A RBLLBGR AT SEME IZRR RR R R AN
7] 368 T Fsf ) B 00 1) DG AR R AIE 5 A8 A LA, B0
T AR

b) 7K SCR F CNN-LSTM # , JEF CMIP6 fit) &
B X5 BN A & T CEIA ) A 7K B8 5 R AR 7K
AT T 08T, 25, & T AR K B R it
AT K o B R I, B AR SSP585 1 5t T iy 2%
AR Bt 2 5 T SSP245 18 5t , i AR Ah i 2 L ] i
RIS 72 A X 7K B iR 1)

SO, SR, B T KRR 2 R] 43 A AN 4 DA K R K
SEAE Y 25 S, 4TI I K BT IR N R K AT
PeFto

JRAE RS TR TN A e /K G IR R BN L AR A
(1] 3 A AN 4 R K S5 R B AN 1, 25 T CRA N
AT SR ISR X6 P i i A A DK 0 R ) P R 2 R
BN P A SR A B, M KR B K
RO, T T K R ORI P4 RN R
KT, PSS BT P4l . CMIP6 04l S i 57 £ 1t
TR E AR, A7 BT EE A b U R R K TR Y

.

Sk

(1] (8K . FRARAK A4 B HE 200 T P2 & R Y B 52
LT, 4h7KHEK , 2022,58(8) : 212-213.
FU Y B. A Brief Discussion on the Importance of Scientific Water

Resource Management in Promoting Sustainable Economic



20

N RERIT.

2026 4F-

(2]

[5]

Development [ J]. Water & Wastewater Engineering, 2022, 58(8):
212-213. (in Chinese)

LI J L, TIAN P, SHI X, et al. Research progress on water
resource management[ ] |. Journal of Zhejiang University (Science
Edition), 2019, 46: 248-260.

CIAMPITTIELLO M, MARCHETTO A, BOGGERO A. Water
Resources Management under Climate Change: A Review [J].
Sustainability, 2024, 16:35-39.

KALFAS D, KALOGIANNIDIS S, PAPAEVANGELOU O, et al.
Assessing the Connection between Land Use Planning, Water
Resources, and Global Climate Change[J]. Water, 2024, 16(2) :
333-343.

IPCC A AR URPPAG IS 2 — TARA IS ZATIN]. EARM,
2021-08-10(1).

IPCC Sixth Assessment Report Working Group I Report Released
[N]. China Meteorological News, 2021-08-10 (1). (in Chinese )
JeWeE , WHa TS . B I SRR B IEURI P A 2 AR R AR N 3R Bl
BH, 2024 355-362.

LONG X T, CAO Y Q. Spatiotemporal Evolution Characteristics
and Driving Factors of Water Resources Utilization in the Yellow
River Basin, 2024 (12th) China Water Ecology Conference
Proceedings, 2024: 355-362. (in Chinese)

Bl , b R, TR DS, A5 BT Y5 X A g SR S R R
Pe X S AR AR W L [T ], K AL IR S R R B (3 s0),
2024, 22 (5): 845-855.

YU C, JINJ L, WANG G Q, et al. Evolution of Hydrological
Elements in Typical Basins of the Yellow River Source Region
and Their Response to Climate Change [J]. South—to—North
Water Transfers and Water Science & Technology (Chinese and
English) , 2024, 22(5): 845-855. (in Chinese)
FER, B, 8 R, 5. AR R R YL TR R
SB[ ]. NRBEIT, 2024,46(9) : 60-66.

WANG G Q, YU C, JINJL, et al. Impacts of Climate Change
on the Western Route of the South—to—North Water Diversion
Project and Recommendations [J]. Yellow River, 2024, 46(9):
60-66. (in Chinese)

RN AR, BRI TS . URAE AL SN A m A SR S
TR T I 25 o S S Bt (7], N IR BRI, 2024,45(10)
65-75.

LI X N, HE L H, XUE L Q. Spatiotemporal Differentiation and
Prediction of Extreme Climate Events and Vegetation Coverage in
Guizhou Province under Climate Change[]]. Pearl River, 2024,
45(10): 65-75. (in Chinese)

[10] 325% 8K, Z2MIE 45 . H T CMIP6 UM 1% 35 A AE VLI

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Jalg LAY S K SO UL B T+ L A ] g b A 4 (0] R
PRIL,2025,46(11):65-74.

GONG X, DAI C L, LI S L, et al. Hydrological Simulation and
Prediction of Typical Tributaries in the Songhua River Basin
Based on CMIP6 Climate Scenarios—A Case Study of the Mayi
River Basin [J]. Pearl River, 2025, 46 (11) : 65-74. (in
Chinese)
PANDA K C, SINGH R M, THAKURAL L N, et al
Representative grid location—multivariate adaptive regression
spline (RGL-MARS) algorithm for down scaling dry and wet
season rainfall [J]. Journal of hydrology, 2022, 605. DOI: 10.
1016/j. jhydrol. 2021. 127381.

ALMAZROUI M, SAEED F, SAEED S, et al. Projected change
in temperature and precipitation over Africafrom CMIP6 []].
Earth Systems and Environment,2020,4:455-475.
SOBIE S R, ZWIERS F W, CURRY C L. Climate model
projections for Canada: a comparison of CMIP5 and CMIP6[]].
Atmosphere—Ocean,2021,59(4/5) :269-284.
LECUN Y, BOTTOU L, BENGIO Y, et al. Gradient-based
learning applied to document recognition[J]. Proceedings of the
IEEE, 2002, 86(11): 2278-2324.

HE K M, ZHANG X Y, REN S Q. et al. Identity mappings in
deep residual networks [ C]//Computer Vision—ECCV 2016: 14th
European Conference, Amsterdam, The Netherlands. Springer
International Publishing, 2016: 630-645.

SHI X J, CHEN Z R, WANG H, et al. Convolutional LSTM
A machine learning approach for

network : precipitation

nowcasting [J]. Advances in neural information processing
systems, 2015, 28(5):112-132.

PUZ H, YAN J R, CHEN L, et al. A hybrid Wavelet-CNN-
LSTM deep learning model for short—term urban water demand
forecasting [J].  Frontiers of Environmental Science &
Engineering, 2023, 17(2): 22-49.

ZEHF, Sk, B, 45 . BT SVM-SARIMA-LSTM A1 % {1y
ST K B LR WO ()], K R BE PR FE A, 2025, 43 (3) -
36-39.

LI X, WU Y Q, WANG J W, et al. Real-time urban water
consumption prediction based on SVM-SARIMA-LSTM model
[J]. Water Resources and Power, 2025, 43 (3) : 36-39. (in
Chinese)

WRAL, TL5E 8 1F4K, 55 . S5 T CNN-LSTM-Attention 19 H /i
F R BIMATFE[J]. =224l (FIARHERR) , 2024, 46 (5) -
1-6.

CHEN X, SHEN Z H, XU Q, et al. Research on Monthly



551 ZET A LT CNN-LSTM A9 5% M 48 7K 938 TR K Tl 5 #3434 21

Domestic Water Demand Prediction Based on CNN-LSTM- [24] SU F, ZHANG L, OU T, et al. Hydrological response to future
Attention [J]. Journal of China Three Gorges University (Natural climate changes for the major upstream river basins in the Tibetan
Science Edition), 2024, 46 (5): 1-6. (in Chinese) Plateau[J ]. Global and Planetary Change, 2016, 136: 82-95.
[20] WEN H, MA H C, DU Y, et al. Prediction of irrigation water [25] Jizm A, ASEE, B b, % . 36T CMIP6 1Y vh i i TH 7 S0 %ot o [
requirement based on parallel CNN-LSTM model and Mann- AR AR T A (1. b ERR 2 R B2, 2023, 53(3)
Kendall test [C]//2024 TEEE 7th International Conference on 505-524.
Industrial Cyber—Physical Systems (ICPS). IEEE, 2024: 1-6. ZHOUJ Y, LU H, YANG K, et al. Projection of future runoff in
[21] BRALL RS0, ST URE S 2 M2 N 24 S R AL I AR China under medium—to—high warming scenarios based on CMIP6
P IT RIS DL B BRI K R L) ], ey [J]. Science China Earth Sciences, 2023, 53(3) : 505-524. (in
AR CHARIERLD) , 2023,45(4) :25-32. Chinese)
CHEN J H, CUI D W. Research on Inflow Runoff Prediction [26] BlAEMR BT, XN, 45 . CMIP6 Z AR 57 8 ey S5 A3 1o
Method Based on Deep Learning Neural Network Hyperparameter PEAS SRR SRR TN [T]. AERTIRTE R 2230 ([ 2R RL 2
Optimization—A Case Study of Mudi River Reservoir in Yunnan Wi),2022,58(1):77-89.
Province [J]. Journal of China Three Gorges University (Natural ZHANG J Y, LUN Y R, LIU L, et al. CMIP6 Multi-Model
Science Edition) , 2023, 45(4): 25-32. (in Chinese ) Evaluation and Future Climate Change Projections over the
[22] HOCHREITER S, SCHMIDHUBER J. Long short—term memory Tibetan Plateau [J]. Journal of Beijing Normal University
[J]. Neural Computation,1997,9(8):1773-1780. (Natural Science Edition), 2022, 58(1): 77-89. (in Chinese)
[23] LI H B, SHEFFIELD J, WOOD E F. Bias correction of monthly [27] O'NEILL B C, TEBALDI C, VAN VUUREN D P, et al. The
precipitation and temperature fields from Intergovernmental Panel scenario model intercomparison project (ScenarioMIP) for CMIP6
on Climate Change AR4 models using equidistant quantile [J]. Geoscientific Model Development, 2016, 9 (9) : 3461-
matching [J]. Journal of Geophysical Research: Atmospheres, 3482.

2010, 15(10):23-32.

Forecast and Trend Analysis of Water Demand in Guizhou Province Based on CNN-LSTM
LI Xi'nan', ZHU Feiyan™
(1. Guizhou Water & Power Survey—Design Institute Co., Ltd., Guiyang 550002, China; 2. College of Hydrology and Water Resources,
Hohai University, Nanjing 210098, China)

Abstract: Water resources are a key factor affecting economic development, ecological protection, and social stability. Climate change
has exacerbated its uncertainty, especially in areas with water shortages or uneven distribution. As a typical mountainous province,
Guizhou Province has complex terrain and a changeable climate, and water resources management is facing challenges. This article
analyzed the data of Guizhou Water Resources Bulletin from 2004 to 2023 (precipitation, water resources amount, and water
consumption) and future climate data of the four global climate models of CMIP6 (BCC-CSM2-MR, CAMS-CSM1-0, CMCC-CM2-SR5,
and MIROC 6), constructed the CNN-LSTM model to predict the supply and demand of water resources, and analyzed the changing
trends of water resources under different scenarios. The results show that the CNN-LSTM model has high prediction accuracy. The
average absolute percentage error (MAPE) of the test set is 0. 123 83 (water resources) and 0. 182 05 (water consumption), and the
decision coefficient (R’) is 0. 990 63 and 0. 990 67 respectively, indicating that the model can effectively capture the trend of complex
space-time changes of data. Future forecasts show that the amount of water resources in Guizhou Province is increasing under both
SSP245 (medium emissions) and SSP585 (high emissions) scenarios, and the change under the SSP585 scenario is significantly greater
than that of the SSP245 scenario; the change in the far future (2080 — 2099) is much greater than that in the near future (2030 - 2049),
highlighting the cumulative effect of long-term climate change. The spatial difference in the amount of water resources is significant.

Qiannan Prefecture (due to the topographic elevation effect) has the largest increase (long-term SSP585 reaches 4 billion m*), and



22 N ERERIT 2026 4F

Guiyang City (weak penetration due to the high urbanization rate) has the smallest increase (860 million m*). Water demand is also on
the rise, and the change in Zunyi City is the most obvious (long-term SSP585 has increased by 455 million m*). The impact of climate
change on water resources is spatially heterogeneous. The uneven distribution of water resources and the diversity of water structures
are the main reasons. The model predicts that although the total amount of water resources will increase in the future, the challenges
posed by uneven spatial distribution and differences in water structure are still serious. In the future, water resources management
should pay attention to the impact of climate change, promote water conservation technologies, improve water efficiency, establish
predictive models, and formulate strategies for different regional characteristics (such as flood control in southern Guizhou and water
demand management in Zunyi) to ensure the sustainable use of water resources.

Keywords: water resources management; climate change; CNN-LSTM model; CMIP6; water demand forecast; Guizhou Province
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