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A humid climate offsets the negative influences of vegetation restoration on the
water resources in the karst catchments of Southwest China which are covered by

ecological restoration projects
ZHANG Peiling, ZENG Sibo, JIANG Yongjun®, Wu Ze, LIU Fang, CHENG Yurui, Li Jiabin

Chongqing Key Laboratory of Karst Environment , School of Geographical Sciences, Southwest University, Chongqing 400715 China

Abstract; The implementing of large-scale ecological restoration projects ( ERPs) has made Southwest China Karst a
hotspot of global greening. However, there is still a lack of systematic studies to reveal the impacts of vegetation restoration
on different hydrological processes in this area. Therefore, we obtained meteorological and hydrological parameters, remote
sensing vegetation index, and GRACE ( Gravity Recovery and Climate Experiment) data from eight typical karst catchments

covered by ecological restoration projects in Southwest China Karst from 2002 to 2021, and analyzed the long-term trends of

EEWA: 7§ K2 1H 000 3 (SWUXDZD22003 ) 5 [ % H 48 B 2% (42307070 ) 5 & K T A 28 B 2% (este2021yszx-jeyjX0005, 2022yszx-
jex0008csth )

Y75 B #8:2024-07-08; ) £& Hi AR B #A :2025-00-00

# W IHAE#H Corresponding author. E-mail ; jiangjyj@ swu.edu.cn

http ://www.ecologica.cn



2 xR 45 %

hydrological processes and water resource. Meanwhile, the impacts of climate change and vegetation greening on
hydrological processes and water resources in these catchments were evaluated using the water balance equation, partial
correlation, and the generalized linear mixed effect model ( GLMM ). The results showed that; (1) the Normalized
Difference Vegetation Index ( NDVI), forest area, precipitation, runoff, evapotranspiration, soil moisture, runoff
coefficient, and terrestrial water storage in the catchments covered by ERPs in Southwest China Karst showed increasing
trends from 2002 to 2021, indicating that the ERPs implementation over the past 20 years have increased the NDVI and
available water resources. However, the solar radiation showed a decreasing trend during the same period. (2) The results
of the GLMM showed that the contributions of NDVI to runoff, evapotranspiration, and soil moisture variations in the
catchments covered by ERPs were 2%, 23%, and 11%, respectively. The contributions of precipitation to runoff,
evapotranspiration, and soil moisture changes were 43% , 2%, and 23% , respectively. The contributions of air temperature
to runoff, evapotranspiration, and soil moisture changes were 3%, 13%, and 3%, respectively. The contributions of solar
radiation to runoff, evapotranspiration, and soil moisture were 16% , 34% , and 29% , respectively. These results indicate
that the major hydrological processes in Southwest China Karst are mainly controlled by climatic factors rather than the
vegetation greening induced by ERPs; (3) among different karst landscapes, the hydrological responses of karst peak forest
plains and karst peaked depressions to vegetation restoration were more remarkable than karst trough valleys. Hence, ERPs
should consider the diverse hydrological responses of different karst landscapes to vegetation restoration in the future. In
summary, our findings indicate that the vegetation greening induced by ERPs in Southwest China Karst during 2002—2021
has enhanced evapotranspiration, yet the increase in precipitation due to a humid climate in the same period offsets such
water loss. Therefore, the available water resource in Southwest China Karst has not decreased during the past 20 years.

These findings will help to evaluate the eco-hydrological effects of future ecological restoration projects in karst regions.

Key Words: climate change; ecological restoration projects; vegetation restoration ; hydrological processes; water resource ;
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Fig.1 Distribution of karst catchments,and topography in the implementation areas of ecological restoration projects in Southwest China.
The study areas include five tributaries of Yangtze River ( Wu River, Yuan River, Xiang River, Feng River, and Zi River) and three

tributaries of Pearl River ( Hong River, Liu River, and Yu River)
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R®1 AHAEBRESIREERE 2002—2021 FSEEHSH R ithiR B 55T
Table 1 Statistics of meteorological parameters, vegetation index and geomorphic types in the karst catchments which are covered by ecological

restoration projects in Southwest China
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Fig.2 Variations of meteorological parameters, vegetation index and hydrological variables in the karst catchments which are covered by
ecological restoration projects ( whole region and 8 karst sub-catchments) in Southwest China from 2002 to 2021, including radiation, air

temperature, NDVI, forest fraction, precipitation, runoff, evapotranspiration, and soil moisture

NDVI; H—fbAs gl $8 %%

(8 DT X S N34 B R (+3.47Tmm/a) ZERUR (+1.18mm/a) I+ 310 (+4.82% ) Z5 Ak 52 48
R AR RK SCSEA L A A B BER B — B 22 50k (R 2) o WF 9T IX SR MR AR AR 3t e - B R
2002—2011 45 T a3 M AE 2011 42 5 R B LT a3, 28 50E AR (b ok BR AR AR o 0] (m) S e L T34,
BEAN K SCS R AR AAE 8 AT =2 18] B2 45 L3S A B 09 A 3R B0 1 — 8 14 22 S P, G0 43 ) F T 38K 20
AR RV R ZEECE AR R T A AR T R R T N VTR VT PR R RS A R AR R R Ay
TR IR R e De VT B T i 2 B KR +9.33mm/a, BEAN BRI IISAE 2011 4EHT S
AEHAER R T R, HAL R ITE 2002—2011 422 2 ETFEH,2011—2020 4F 2 N RS X 5057 XK
A —F, PTA ISR 2 HUR F 00 B AL A R 2 LI BRI AR U B AR B K
HRR+2. Imm/a, DEVT E TSRS . MV AR ARG K £ HHE R Il danoh B3 MK e T i
55, [N, &S [FIRH (2011 4ER 5 ) AR 28 Bk A+ RS sk i Ag — E 25 5. KR4 3 4 i
5058 DO AR— 3, - HEREE 2002—2011 4ER I FEATE Y, 2011—2020 4 23 ORI +
R EEAE 2011 AFHT S AR RN AR B A R B 2RO BRELKIT B 7E 2011 AR5 43 5 2 R BEFD E T
£V NS e R B S e R SR S U N S S

[ INF , ASBIFFE 45 Sad 2 B BF 55 X RC Fll ATWS 7E 2002—2021 4F a5 a3 (& 3 FIE 4) ,RC %1k
HEINT 1.56% , ATWS &I F N +1.73mm/a, 1 ATWS 7EHFFE RIS [ h Be R B — 5 il 22 S B 2011
T2 RIRIH —E REAGES T 2011 42 )5 5 BT, RC AR fbia3AE ATWS Rl {5 X8k Ak 1) A

http ; //www.ecologica.cn



8 xR 45 %

RIS L /NT ATWS,, BEAR , A ERAIE GLEAM B7 ET 25 50 Bt 5 ] S0 AHIF 06 3 T K 2 F Al 72 1
BPTAFH ATWS 5[RIH] GRACE Fifi MK fiff 1t 52 5 BOs AT T X LG, S5 AN 18T 4 R, B FoKk e P 7 i oa
JIrfRig ATWS 5 [A3 GRACE Fifi b /K it i 52 5 Bodi 2 B [R5 s nka %, i F GRACE %4 £ 7E 2017 4F
S 40l Hh 2 2 5 04088 T AL (GRACE ) KR 22 TR (GRACE-FO) Wil fr A5, D 2017 488 FH4 K] 4
2003—2021 4EAF[H] Bt , W] 2003—2017 4F- T oK P 7 BRSS9 ATWS 5 [ GRACE Fifi b /K i it 5
H AR HE R +5.77Tmm/a F1+6.61mm/a;2018—2021 4E ATWS 5 R3] GRACE [ili /K fiff 12 5 % 16 K R
SN -12.15mm/a Fl-12.58mm/a, X & WL TR IR B2 A0 Al GLEAM 1) 28 1 B8 E 4 S B 1) i b /K A
5 g TR ORI A i kb K A e ELAT R B R R 5 4t SRt 3R B 3 e A 5 DX 3R A KT A IS (R -ZE R A%
TR 7R BT XK B R AR A2 A 8

*2 HEERESIEEEREEHURKISHERERBAENZETLEETLL
Table 2 Comparison of the trends of vegetation and hydrological parameters in different periods in the karst catchments which are covered by

ecological restoration projects in Southwest China

H—1 ARARIAR 5 L [3th] (& ZRAA

I}jzlfhment P?:ffd LR ST R Proportion of ~ Precipitation/ Runoft/ Evaporation/ Sniljin %:i)f/ %
NDVI/ % forest area/% (mm/a) (mm/a) (mm/a)
e 2002—2011 +4.21 +17.23 -23.96 -21.95 +0.89 -4.19
The whole region 2011—2021 +11.85 +19.85 +18.27 +13.33 +2.42 +3.17
2002—2021 +15.89 +38.04 +6.38 +3.47 +1.18 +4.82
217K 2002—2011 +3.36 +37.85 -15.94 -10.27 -1.98 -6.13
2011—2021 +13.70 +36.21 +20.50 +8.92 +3.32 +6.63
2002—2021 +18.08 +79.08 +7.49 +2.15 +1.21 +6.39
TIK 2002—2011 +5.17 +14.10 -30.93 -30.00 +2.64 -3.20
2011—2021 +4.87 +14.76 +13.14 +25.33 +0.76 +2.23
2002—2021 +11.43 +29.67 -1.29 +4.92 +1.19 +0.70
/I 2002—2011 +2.94 +10.69 -28.53 -23.07 +1.42 -4.45
2011—2021 +7.01 +12.62 +20.28 +22.17 +2.65 +1.66
2002—2021 +9.96 +31.22 +5.15 +8.72 +1.44 +5.00
LN 2002—2011 +4.44 +30.90 -15.73 -18.01 +2.12 -5.01
2011—2021 +16.65 +72.75 +27.35 +19.83 +1.34 +5.97
2002—2021 +18.84 +126.43 +11.75 +5.08 +0.94 +3.01
WYL 2002—2011 +2.83 +7.15 -33.25 -33.20 +1.12 -2.21
2011—2021 +11.82 +8.30 +15.12 +6.98 +2.71 -1.09
2002—2021 +15.74 +14.02 +4.10 -1.19 +0.90 +3.53
ABYT. 2002—2011 +4.73 +28.23 -16.40 -15.97 +0.18 -1.87
2011—2021 +13.08 +5.00 -2.53 -7.65 +4.81 +0.91
2002—2021 +17.60 +26.67 +4.72 -1.25 +2.14 +9.17
LIl 2002—2011 +6.23 +9.40 -32.61 -31.33 +3.18 -5.05
2011—2021 +9.12 +10.66 +26.26 +28.29 -0.08 +3.64
2002—2021 +13.56 +20.01 +6.34 +9.33 +0.66 +2.95
K 2002—2011 +4.42 +7.01 -39.46 -35.72 +3.02 -2.57
2011—2021 +9.21 +17.69 +24.19 +27.64 +2.29 +1.69
2002—2021 +15.42 +24.97 +3.91 +4.98 +1.23 +3.78

NDVI H—fbAEBEHE 2L Normalized difference vegetation index

2.3 PUREIR RS TR X K SCE AR N 7 B

B 7R 20 A7 R A T L DX U e R R S OK G RS AR A B G AR ARIESE 1 Se iz I AH 5 23 B 7 ik
X r Y g o T A A AR S 1] A AN [R) K SCES R (AR T 2R RO L R R R ) R0 A8 A A8 2 1 DX 647 1
O3 o AR SCHEHERR JRLEE R FHARSS I NDVI AR 20 K SCS BRI ] 1, IF BAE - A i vy
AT AR SCSE AR A B Z A2 G5 RN 5 fros . S5 25R3 W] R 5 IX AR it i i A8 3 232
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Fig.3 The long-term trend of runoff coefficient in the karst catchments which are covered by ecological restoration projects in Southwest

China from 2002 to 2021
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Fig.5 Partial correlation result of climate, vegetation and hydrological parameters in the catchments which are covered by karst ecological
restoration projects in Southwest China from 2002 to 2021
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Table 3 Contributions of the environmental factors to the variations of NDVI and ATWS in the karst catchments which are covered by

ecological restoration projects in Southwest China from 2002 to 2021

A A L

FANE
(e

[4aER) ZEWR T . K B 5 S5 AR
T . Runoft/ . . Proportion of o
Precipitation/%  Evaporation/ % Soil moisture/ % Radiation/%  Temperature/ %
(mm/a) forest area/%
IH— bR 55 NDVI 3.90% 14.07% 1.33% 10.38% 45.90% 5.92% 18.43%
Fifi K i fE A8 1k ATWS 64.97% 0.92% 24.56% 5.42% 0.42% 3.22% 0.49%

http ; //www.ecologica.cn



124

s A MR AR TR AR 0T P R P DR BRI B T 5

11

R

100

40

TR T o b

The proportion of inluencing factors of runoff/%

20

2. 0.51

065 069 062 054 072
2% % ey 1% % U
0,

0.66 0.52  0.70
1% 2% 3%

17% 16%
27% 29%

80 [ 5%
Cp
60 PN
NDVI

DO e
I
f;ﬁ

0
- R:0.77 064 054 060 056 073 062 0.72
CTREEREERE
g
! 15%
=]
<
=4 80 0,
2 24% 29%
23 24% % [ R
5 .
Ze e 54% p— PNCET Y
= 5 e NDVI
0
£ M%  28% 36% 2% D EE
=] N
;@é 40 23% I i
% 0 12% 12%
S 20% O,
g 21%
=3
o
o
2
£ 0
R: 083 075 073 061 076 081 078 075 086
100*--_-—%—1%——
20% 0 0,
23% 22 son 3% 7 a0,
80 33% 32%
68 7%
e Cp
PNUEE R
NDVI

LS FE R AT o e

The proportion of inluencing factors of soil moisture/%

O e
I =
I v

1%

RI

50%

oK WK ML BT T AT

i3 Catchment

WL Bk

6 2002—2021 FEEERESTIRERESRBARKAISHELNENEFHAESTER
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Fig.7 The conceptual graph of the hydrological and water resources changes in the karst areas of Southwest China under the enhanced

precipitation and vegetation restoration
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