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Fig. 1 Land use type distribution map of the ""Sanjiangyuan" area of Hainan Island
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Tab. 1 Data source for this study
B PR 45 VEIfip QI 23 )4 e
Data Abbr. Data source Spatial resolution
F%7K 1 Precipitation Pre EZEH M EFEREEPE .0 (https://data.tpde.ac.cn/home ) 1 km
fﬁiaﬁff i;?itsgtial Pet 5 0 R E R 0 (https:/data. tpdce.ac.cn/home ) 1 km
15 Temperature Tem EZKEH B FER2EHEE .0 (https://data.tpde.ac.cn/home ) 1 km
+HEVRSE Soil depth SDD iiﬁiﬁi ijﬁjﬁfﬁ - 90 m
j;fgf”ﬁﬁ%ﬂ Land use and land LULC HiERPEREHE = 5 (www.gis5g.com) 30 m
Uﬁ*ﬂﬂ‘ﬁ}ﬂi?‘é £ Nor@alized NDVI FEE %ﬂﬁ,ﬁf AR R b IR EHE R 4 | km
difference vegetation index (https://doi.org/10.5067/MODIS/MOD13A3.006)
B =2 Digital elevation model  DEM  HBEEZE AR = (http:/www.gscloud.cn) 30 m
=2 EYMERHY
Tab.2 Biophysical coefficient
Yt T A ZEHAREL FERIAR R IR SEPRZE R AE PIiRE
Lucode LULC desc Kc Root_depth LULC veg Vel
11 7K Paddy 0.75 200 1 900
12 5L Dryland 0.5 300 1 800
21 A HHL Woodland 1 3000 1 200
22 HEAAK Shrubland 1 2000 1 250
23 ik Spare woodland 0.85 1500 1 300
24 oAb Other woodland 0.85 1000 1 400
31 1578 T B High coverage grassland 0.65 1750 1 500
32 F7E 35 5 5 Medium coverage grassland 0.5 1300 1 550
33 P78 75 B B b Low coverage grassland 0.3 1000 1 600
41 W River 1 1 0 2012
43 JKJEEY I Reservoir and pond 1 1 0 2012
52 KA B 55 Rural residential areas 0.5 1 0 2012
53 Hep#d % FH# Other construction land 0.3 1 0 2012
PAWC =54.509 - 0.132sand — 0.003(sand)2— FHCEETR
0.055 silt — 0.006(silt)* = 0.738clay +0.007(clay)*— . _ 249 . Ko
2.6880M +0.501(0M)2. Retentionj = m"’(l ' Ve xj) xmin(1, 5ot )
e . : 0.9T1,
K, sand R T IERVRLE 5 (%); sile oy 3R KL & ml”(l’ —) Yijs
15 (%); clay i HIEFRL & 5 (%); OM Ry H3EA L drainagearea
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Tab.3 Types of two-factor interaction

FIHE Criterion A HAEM Interaction

q(X1NX2) < Min (q(X1), AR 55

q(X2)) Nonlinear weakening

Min(q(X1), q(X2)) < PR AR L RIS

q(X1NX2) < Max(q(X1), Univariate nonlinear

q(X2)) weakening

q(X1NX2) > Max(q(X1), W i

q(X2)) Bivariate enhancement

q(X1NX2) = q(X1) + q(X2) 237 Independent
At

q(X1NX2)>q(X1) + 4(X2) Nonlinear Enhancement

TE: Min(q(X1), (X2)) %m fEq(X 1) q(X2) keI
Max(q(X1), q(X2))FR/RTFEq(X1)\ q(X2)HE KA q(X1) +
q(X2)FRq(X1). q(X2)MF K H; q(XINX2)FRRPIH 2L
H,

Note: Min(q(X1), q(X2)) denotes the minimum of q(X1)
and q(X2); Max(q(X1), q(X2)) denotes the maximum of
q(X1) and q(X2); q(X1) + q(X2) denotes the sum of q(X1)
and q(X2); q(X1NX2) denotes the interaction between X1 and
X2.
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Fig.3 Spatiotemporal distribution characteristics of precipitation, potential evapotranspiration and water retention of
the "Sanjiangyuan" of Hainan Island
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Tab.4 Water conservation for each part of the "Sanjiangyuan" of Hainan Island
AN RUKIR IR SR e
G i lﬁ\ﬂ 0
Ay [X 5k KRR SR /(108 m®) (10° m*km?) K ”’?‘@%‘“ B %
. . . Proportion of total
Year Region Total water conservation Water conservation .
. water conservation
per unit area
2013 #&~[XI3 Entire region 19.40 10.90
F A8 1L Mt. Wuzhi (WZS) 6.18 11.51 31.86
BB Mt. Limu (LMS) 5.95 11.00 30.67
WOEFIK Mt. Yingge (YGL) 7.27 10.37 37.47
2018 E&~[XIE Entire region 8.97 5.03
F 481 Mt. Wuzhi (WZS) 2.73 5.08 30.43
BRI Mt. Limu (LMS) 3.04 5.62 33.89
AR Mt. Yingge (YGL) 3.20 456 35.68
2023 E&~[XIE Entire region 10.66 5.99
FL A8 Mt. Wuzhi (WZS) 3.36 6.26 31.52
BRI Mt. Limu (LMS) 3.40 6.28 31.89
PFFIA Mt. Yingge (YGL) 3.90 5.56 36.59

TEFEBUR (Pet) | T (Tem) . 0 — b AH Bl 38 %
(NDVI), & F2(DEM) ., 3 (Slope) . 4 i FH2k&
A (LULC)iX 7 4~ ¥, 40 53T 5 2013, 2018 Fl
2023 433 6 PR X6 K U5 A 55 1 4 )43 S B R e
{8 g, MM 75 AR [RIAF 53 45 R 1 5 ) ik 3 25 5
S PR IG 25 R B, A K sh -1 P AE Y
IXF 0.05, # LT i PR 50, 2 BH Ik IO 3R 3l A
TFXFAIFFE X K U5 75 2 19 4% [0 43 S LA — 2 1 i
B 1. (B2, 18 2013 4F, NDVI, 3% B A1+ U F] ]
FERIY PAEFIRT 0.05, Al i B AR, 1
AR 5 . MO R AR B A R 2 A K
TR 75228 6] 43 S PR M o S S 35

2 P FAE AR RV AFA9) X 7K 5 % o 25 1R 435 )
fife e AN, AR, R B/ INHEIT R B K >
e > >V AR 28 U > M A IR AISND VI B
FE(R S, 4) . KR B ff B T dacii, X6 7K U T8
TR ZE [H) 5y R ERVER, ¢ (Ho8 0.525 ~ 0.654;
HR K EFE, g 164 0.498 ~ 0.621; 5 FVETEZEHL
KA T q (53514 0.440 ~ 0.593 F1 0.416 ~
0.541, oA H 257 . NDVI A3 B A fi B
55, g 53 5~ 0.088 ~ 0.107, 0.030 ~ 0.076 Fll
0.030 ~ 0.035(#£ 5).
322 ATHEASICLBIERNBHEFIETR

x5 BEZITR KEEFELEFRUER

Tab. 5 Single factor detection of water conservation of the
“Sanjiangyuan” of Hainan Island

o BE H— . +4
gy kit O g T gy IR
Year Pre ARt Tem HABREL DEM Slope HIA
Pet NDVI P¢ LuLc
2013 0.654 0541 0593 0.030 0.621 0.035 0.096
2018 0.538 0.416 0440 0.045 0.498 0.030 0.088
2023 0525 0526 0538 0076 0.558 0.033 0.107
07! == 2013
2018
0.6 B 2023
1 el Bn
o 04
03
02
0.1 I D
O | | [ | | |

) X A\ <
E TS
YRBh AT
Driving factors
B4 B SIIE KREFRERLERFRUER
Fig. 4 Single factor detection of water conservation of the
"Sanjiangyuan" area of Hainan Island
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Tab. 6 Land use type transfer matrix from 2013 to 2018 of the "Sanjiangyuan" area of Hainan Island
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B A Construction land 0 0.01 0 0 0.46 0.47
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Tab. 7 Land use type transfer matrix from 2018 to 2023 of the "Sanjiangyuan" area of Hainan Island
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Spatio-temporal dynamics and driving factors of water

conservation in the “Sanjiangyuan” area of Hainan Island

He Qiangian'*, Ren Mingxun'*

Abstract: The “ Sanjiangyuan” area (Sources of three major rivers) of Hainan Island constitutes the shared source area and
primary catchment of the three major rivers—the Nandu, Changhua, and Wanquan rivers. As the central core of the National Park
of Hainan Tropical Rainforest, this area plays a vital role in maintaining ecological security, sustaining ecosystem services, and
supporting socio-economic development across Hainan Island. The “Sanjiangyuan” area of Hainan Island was delineated through
an integrated framework that incorporates hydrological processes, topographic and geomorphological characteristics, natural
environmental conditions, ecosystem service functions, and national park management boundaries. The data of three periods in
2013, 2018, and 2023 were selected for analysis of their water conservation and its temporal evolution and spatial distribution
pattern conservation by using the InNVEST model, and the Optimal Parameters-based Geographical Detector was used to explore
the main driving factors of temporal and spatial changes of water conservation. The results showed that water conservation from
2013 to 2023 was 19.4x10% 8.97x10°%, 10.66x10°m’, respectively, and exhibited a non-linear temporal trajectory, characterized by
a pronounced decline followed by a modest recovery. In terms of spatial scale, high-value areas were predominantly concentrated
in the middle-to high-elevation mountainous headwaters of the three major river systems, reflecting the combined effects of higher
elevations, favorable precipitation regimes, and relatively low evapotranspiration demand. Precipitation emerged as the primary
determinant of spatial variation in water conservation (¢ = 0.525-0.654), followed by elevation, while potential evapotranspiration
and temperature also exerted substantial explanatory influence. Interactions among driving factors consistently enhanced their
explanatory power, with the precipitation—elevation interaction exerting the strongest effect (¢ = 0.779-0.804). These findings
clarify the spatiotemporal dynamics and driving forces of water conservation in a critical tropical headwater region and provide
robust scientific evidence to improve water resource management and ecosystem-based strategies for enhancing water security on
Hainan Island.
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