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Abstract: Surface water resources in the Lake Dongting Basin play a vital role in sustaining ecosystems, protecting biodiversity,
and regulating climate, yet they remain highly vulnerable to climate change and human activities. Although numerous studies
have examined surface water area dynamics in the basin, most lack long-term, basin-wide analyses, rely largely on qualitative
descriptions of driving mechanisms, and confine spatial assessments to the main lake area. To address these gaps, this study
systematically investigates the spatiotemporal evolution of surface water area across the entire Lake Dongting Basin and its
sub-basins, quantifies the contributions of climatic factors and human activities to surface water dynamics, and analyzes migration
patterns of the surface water distribution centroid in sub-basins. Using multi-source remote sensing data and the JRC Global
Surface Water Dataset, and applying the Mann—Kendall test, Pettitt test, Pearson correlation analysis, and centroid analysis models,
this study delineates the spatiotemporal variation patterns and primary drivers of surface water area in the Lake Dongting Basin
from 1990 to 2021. The results indicate that: (D over the past 30 years, the surface water area of the basin has exhibited an
overall increasing trend, most notably in the Yuanjiang River system, where it expanded by 420.07%, with marked spatial
heterogeneity and a three-stage temporal pattern characterized by “rapid expansion—fluctuating reduction—recovery growth”; @
the centroid of surface water distribution across the basin has shifted southwestward, with the predominant fluctuation occurring
along the east—west direction, amounting to a displacement of 19.56 km; centroid migration in sub-basins closely correlates with
the spatial distribution of water conservancy projects and ecological restoration measures, reflecting the reshaping influence of
human activities on surface water spatial patterns; (3 precipitation is the principal climatic factor driving the increase in surface
water area, while human engineering interventions and ecological restoration measures—such as water conservancy construction
and “returning farmland to lakes” —have substantially altered the spatial distribution pattern of surface water in the basin; @
climate change accounts for approximately 40%-55% of the variation in surface water area, whereas human engineering
regulation and ecological restoration measures contribute 45%-60%, representing the dominant driver and significantly
modifying the spatial configuration of surface water. This study enhances the understanding of long-term surface water resource
variations in the Lake Dongting Basin and provides a scientific basis for formulating effective ecosystem protection and
restoration strategies.
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Fig.1 Overview of the Lake Dongting Basin

(2) GLDAS /KICHEREHE . L EATEHIRD (NASA) KAiiff] GLDAS_NOAH025 M 2.0 #574!
(1948-2015 4F), IEFIET A BCA 1990-1999 4F, LA GLDAS_NOAH025_M2.1 ##44(2000-2021 4F), &K
[H B9 2000-2021 4, [ HEEK 0.25° x0.25° , B35 1 AN H (hitps:/disc.gsfe.nasa.gov/)s 45
FNAFIREL T HFFLIX 32 3L 384 N A MRFEK . AR R ZEKRELRE, HhRRKEFEN 5SS
AR,

(3) HehHB e . w70 0 e A BB AR 12 ORI AT L T EE ARG L
W W mERE A, Kb, WU 12 RRES A A RETRERRRERE M
Chttps://www.usgs.gov/), Fo B Hli B EEE KR IE T B 5K 3 a5 2 25k 0 (https://data.tpde.ac.cn/).
1.3 RFAE

AWFFFIH GEE. ArcGIS %-F & F1 LA REUHT 78 X MR K 70 A SR E R B, @l Eo s
B M-K AR Pettitt JE48 s A0 LK Pearson AHICHESMHT45 710, BRI T3 30 AE I A Uit kit
FAKTHAR A 22 A K IR E R T

(1) Mann-Kendall # #4536 . Mann-Kendall (fAiFR“M-K>) #3677 75:270E —FAES B 56 0732, Mg
(H.B.Mann)f1 8 /R (M.G Kendall)$& 1, iZ 7V E N — FEAES G TR I8 /7 iR 2 B TE A RURUZ 48
BB, AR TEN 1990-2021 I FEMITIH S %7K KR KR E A .

(2) Pettitt A mifide . Pettitt K IIRSRET M-K ke /7 ik 2l b +—Fhok R B, (A Rersiln
)7 51 o AN RN AR i) DR, B ARSI 18] Fp 51 B R AR AR 1IN TR] A, 2 WL HE S HR
R Z — o A FZ T 1 T R K T AR AR A0 B O R A 44 R

(3) XL Pearson MHRMERG IR o P )7 Z5 R R R IMAH I R 202 (Pearson Correlation Coefficient) 1%
HSe k%A, ERRRWANLRE ) Z A LR R PEERIE, AN T ES50REH 0>2. ACHHT
IIMTREIK S AU R 15 R KT AR AR SR A

(4) O M o AR SCMOK F BT FE B TN 1990-2021 4R R 7K TR (1 i 25 A AR AL
IR FH B0 A (AR Y B0 S it P bR 7K o3 A B0 30 SRR A1 . RS FiB EE 1990-2021 4
R 0 8 2 7K % [ 43 A1 B PRI AR U T IR A R 3

(5) WA 2% 5 TR A 5. AU 26 nT I TR 30 A 2800 06 |/ — BohE 884 . WA
TIKCRGRBE R SRS BUYERIEFNEBT RN IR, LARGE A R AR FE IR 43 A3 A A T



2 HT B AR5 NSIE B R K AR AL AL 1 TR o
2 &R 50

2.1 SEREMK R RKE R FELIEE

TR BEE AT R K T AR IR I 38 . 1990 SR A it R /K AN 4648.09 km?, | 2021 4F
T% 7004.67 km? , EIEIE 50.70% (K 1, E2). HE 200, 1990—2021 4E (8], i EE IR R K E
AR s Sk T, A REI K RIEFL 5 AR 65%. PIKKRERRICHREWE K, JtilH
175.41 km® 34K & 912.23 km? , HGlEIX 420.07%, HEHER; MAKKRH 91.83 km® KR 160.76 km*, 3
W& 175.07%; WHVLEH 990.88 km? 3K & 1483.22 km?, 3#E N 49.69%; H/KH 277.52 km? K & 325.09
km?, IEN 17.14%, &K R DGER B 2 o T BRI K S8 A8 2200 B I BEPEARRAE: O 1990—
1996 4E, 4 /KA Ran K, M 4648.09 km? 2 6941.02 km? , fEHIEK 327.56 km?, B
1990 1K 49.33%; @ 1997—2014 4, LML AW NAEK, H 6626.42 km® % 5989.96 km® , 4F
PR/ 35.36 km?, B 1997 FEHZD 9.60%; @ 2015—2021 4E, TAFEREE MK, | 612823 km® &
7004.67 km?, EIHEK 125.21 km?, % 2015 F3E4K 20.43% (K 1),

1 1990-2021 SR EEWIIE L 257K AR K AR M-K Je Pettitt Aias i
Tab.1 M-K and Pettitt test results for surface water area in LAKE DONGTING BASIN and each water system, 1990-2021
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Fig.2 Changes in surface water area of Lake Dongting Basin and its various water systems, 1990-2021
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Fig.3 Spatial shifts in the gravity center of distribution of water surfaces in Lake Dongting Basin, 1990-2020
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Tab.2 Multiple regression models of water area in Lake Dongting Basin

and its river systems with temperature, precipitation and evaporation
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Tab.3 M-K test for various meteorological elements in Lake Dongting Basin, 1990-2021
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Fig.4 Changes in meteorological elements in Lake Dongting Basin, 1990-2021
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Tabl.4 Pearson's correlation test between water body area and various climatic factors for each water system in Lake Dongting Basin
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Tabl.5 Compared to 1990, the changes in surface water area of each water system in the Dongting Lake Basin in 2021 are categorized as

decreased, unchanged, or increased
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Fig.5 Compared with 1990, changes in the spatial distribution of surface water in each water system of Lake Dongting Basin in 2021
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Append. Tab.I Changes in the gravity center of spatial distribution of water bodies in the Lake Dongting Basin and its systems,

1990-2020
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X 45§ Ty ZE9 ZPE(9 ah i
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2005 112.427 29.165 (B[4 5.729
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