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Abstract

Object: Water storage projects are critical infrastructure for sustaining oasis agriculture and urban water
supply. Research on the evolution of water storage project patterns enables better understanding of available
water resources and their variation trends, providing scientific basis for formulating rational water allocation
schemes. This approach simultaneously addresses the limitations of traditional reservoir studies in long-term
dynamic monitoring and multi-dimensional driving force coupling analysis, while validating the application
effectiveness of Google Earth Engine (GEE) cloud platform in large-scale intelligent monitoring of water
storage infrastructure.

Methods: Focused on the northern slope of the Tianshan Mountains in Xinjiang as the study area, this research
developed an automated extraction model for water storage projects by employing NDWI, MNDWI, and
MBWTI index methods combined with the Otsu algorithm and multi-factor elimination of non-water-storage
features, based on Landsat imagery from the GEE platform. Accuracy validation was conducted for the model.
The temporal evolution characteristics (1990—2020) of water storage projects were analyzed through change
dynamics metrics quantifying quantity, storage capacity, and areal dimensions. Spatial evolution patterns
were investigated using grid-based analysis and kernel density estimation. Furthermore, the geodetector
method with optimized parameters was applied to reveal the influence mechanisms of topographic conditions,
climatic factors, and socio-economic development on the spatiotemporal evolution of water storage project
patterns in the region.

Results: (1) Through qualitative and quantitative evaluations of water body integrity and extraction accuracy
using three index methods, it was found that the MNDWI index method demonstrated superior performance,
achieving an overall extraction accuracy exceeding 90% and a Kappa coefficient greater than 0.82. This
approach outperformed other water index models in comprehensive performance. The integration of a multi-
factor methodology to eliminate non-target features further enhanced the accuracy of target extraction.

(2) From 1990 to 2020, the number of water storage projects on the northern slope of the Tianshan
Mountains increased by 88.31%, driving an 85% growth in total storage capacity, while their total surface
area expanded from 259.32 km? to 370.23 km?, representing a 42.77% increase. Spatial-temporal analysis
revealed phased expansion patterns: growth areas were predominantly concentrated in the central section
from 1990 to 2000, subsequently extending to the western section and the western part of the eastern section
during 2000-2010, before transitioning to diminished growth zones and increasingly dispersed spatial
distribution across all sections from 2010 to 2020. Furthermore, distinct intra-annual area variations were
identified in representative reservoirs: the Wuyi Reservoir in the western section exhibited an "N-shaped"

fluctuation from March to November, contrasting with the "V-shaped" seasonal pattern of the Dahaizi



Reservoir in the central section and the "inverted V-shaped" trajectory observed at the Erqu Reservoir in the
eastern section.

(3) The topographic factor was the primary driver influencing the distribution pattern of water storage
projects on the northern slope of the Tianshan Mountains, with the mean aspect exhibiting the highest
explanatory power, as indicated by g-values ranging from 0.659 to 0.842. The mean slope ranks second in
explanatory power, with g-values ranging from 0.482 to 0.624, while the mean elevation shows the third
highest explanatory power, with g-values ranging from 0.128 to 0.146. During the middle and late stages of
the study, the explanatory power of topographic factors gradually declined, while that of socioeconomic
factors increased. Furthermore, the distribution pattern of water storage projects involves a complex process
of factor interaction, primarily characterized by nonlinear enhancement between two factors, with a minority
showing simple bivariate enhancement. Among the interactive factors, GDP consistently serves as one of the
dominant variables, underscoring its critical role in shaping the distribution pattern of water storage projects
on the northern slope of the Tianshan Mountains.

Conclusion: The automated extraction model for water storage projects based on the GEE cloud platform has
enabled the analysis of long-term spatiotemporal evolution patterns and multi-dimensional driving force
coupling of water infrastructure. This validates the efficiency and reliability of cloud-based technologies in
large-scale water resource monitoring. The methodology provides a reference framework for water body
extraction in the northern slope of the Tianshan Mountains and similar regions, while offering theoretical
foundations and decision-making support for hydraulic engineering planning and water resource
management strategies in the study area.

Key words: Remote sensing imagery; Water extraction methods; Water storage engineering; Pattern

evolution; Influencing factor
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AR B PG A I, XK AR B 23 (B o0 A A JR sz SR B 3R (AR PR /KAR 30
RN AELMFE R P F R . RFE PR R B U S X I 35 A H R IKARIN 7 43 5
KB SAFAE R E W B e RS, AR R 3 SRR s T,
S ik 5K R YR BRSO R BIRS) F 3R . JE 2 EBTIEF ERAS Fr M B
SEAF P I R XK REAR 5SE K REEF IEMHK. W% 1990—2023 451 iE
R KA T REAT VH B, IR0 i L (A R SR AR, B Ll b 7K AR R AR A 52
FSAER R AR, T IS S SR - K AR R e U B K. 28 BT, KRR
X3 H3 53 At 9 CAE 2 SIS E R, B AR NSRS R R R
YEFINLE] . R 28 2 BRI, IFEZHEREGEE T ALER -, &
Tk PEA 2 FRHER, PR, BT, DU IE R KRR LIRS 77,
KGR AT R S AR S R SR IR S S

2 O [ Y AME S SCHIREI B 132 MER S A5 T A1, GEE =P EMHBEE . FaR
t, TERKESEPA] . KRB (5 BAR I 78 5 T 71 B K, 3R AT N 755K,
T 4T B BN BOK A4 (I T8 AL 4 8 I XS B AR A% A R #R3RAS 1 LR B AR I FR IS 2
H LS K ORBE ¥ ] A AR (0 7K AR B B &5 04 5 B e X SR IO B 7923, DAIA 31|
TFRCR . BARIE WA S & K TR 2 AR 3T 7 KRR, EANCHI AR
KE, MAAELLTAZ: (1D ZHFFR REEAK, EESTRE, FEULRIIX
HWE K TREMRNKHENETE, FERKRME: (2 2R XEFEE RN, 2 5E
WA LR . BIRECR — X, DA RUIE IR R O R A X R D (3) FHLIX
B K TRETE AR A B AN RAH R, DAAE B 90 02 4 T S e R Ll b 3 B /K TRE AR
AR . BRI, AHFE TR R LB — R RBE X M 1990—2020 4 30 4E[H] (1) &
K TR 28 J AR S B e FLOR B FI AT 90, SHZHBIX AR 25 Mot 2 0 5 1 T RRS2E k J
=X EK.
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1.3 ARBREAR

1.3.1 A B¥5

B IR Ll B IR X B 7K R I 22 35 A P AR AR B L 5 i L A BT B £ ) A, AR
W TR R EE, £ GEE =7 & 830 A s b I E K TR /K AR IR B EE 7K
TREIKAR, ARG 1990—2020 4R b X B K TR (B A B 4, #8723 38
WAHRFIE, EBIHE B REER LN NBE RN B K TIEA S W mafE, R
WA LK RIS R SR E, ERr A REME T ko FIK AT R 8% e S 4k
ARSCHE

132 IRAA

(1) 2T GEE =V & KR WAL & /K TR KR B S AL BB 57

5T GEE V& A 1 & Landsat fER45ERE,  FHA Bl 1990—2020 - Landsat 5+
Landsat 7 fl Landsat 8 #(#fi A+, HEIZ EF & g2 O R e /e, HEL 2
s, WA EATIAC ;G822 MOKEIE RO R A RISt R IX, 347
FEIEAE, SuE KRS I AT AT YE SRS IGO0 PSS, 452 M7 2BRIEE K TR
IRAR, SR L AL B /K AR KA B Bh AL B OB AL (1) 57

(2) RildbIE &K TRERS S A A .

BT GEE =V EAFEETR, BERLILEEK TENEE. EEMIRESE,
AT HAE N DL BRI B GIS M EeAR, KA WA SR ey AR % FE Al v
SFEITERZ E K TR R 23 (8] 73 AT B

(3) Rl At &K TRE 2= AR 3R B /1 04

Y . Al e FEZ AT, AT RNSHH RN & TR Wk
W& K TREN AR IK B R 22 40 #r, AR FEAS R BR B PR 6 K% Ll Ak 3 & 7K T 23 8] 4
SRR, FEHE T % DR 58 ELARE PO AR ) 5



