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Abstract: Three-River Headwaters region is a critical water conservation area in China and an ecological barrier of
Southeast Asia, which has an important ecological strategic position. It is important to reveal the spatial distribution,
changing trends and influencing factors of water conservation capacity to promote ecological protection. It is also meaningful
in improving the regional water supply capacity and maintaining the stability of the ecosystem. Based on the InVEST model ,
this paper estimated the spatial and temporal changes of water conservation capacity and analyzed the influencing factors.
The results indicated that the grassland ecosystem accounted for most of the water conservation, with an average annual
amount of water conservation of 12.00 billion m®. From 1990 to 2020, the water conservation in Three-River Headwaters
region was significantly rising with an increasing rate of 0.18 billion m’/a (P<0.05). The average amount of water
conservation was 16.38 billion m>. From 1990 to 2005, the increasing rate of water conservation was higher than that from
2005 to 2020. The spatial distribution of the water conservation capacity was high in the southeast and low in the northwest.
The significant growth area was 220700 km®, accounting for 60.79% of the total area of the region. Before the

implementation of ecological project (1990—2005), climate changes such as increased precipitation, increased actual
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evapotranspiration and decreased actual evapotranspiration ratio were the main factors driving the increase in water
conservation capacity. After the implementation of ecological project (2005—2020), land use/cover changes such as

increased forest and grassland areas were the main factors driving the increase in water conservation capacity.

Key Words: Three-River Headwaters region; water conservation capacity; InVEST model; climate change; land use/

cover change
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Fig.1 Location of Three-River Headwaters region and distribution of water systems in the basin
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Potential evapotranspiration
i:Si
N o )2 B 9 R PR A 24 BE O (Chtp :// www. rede.
IR en) s 36T -1 MU AT X =TT A 25 3 6 P00 B I km
ana use/ cover q ra —a
Gy EI8) X RN 2 R
BT e R AR HhHE 2 (5] B0 48 = 7 & (http://www. gscloud. en ) 3 | 10
Digital Elevation Model Slope T ELi 15 7 Hes "
ERARY SR Ty SRR SR T
Boundaries of Three-River Headwaters region and [ 55 ok o R4 5080 Hh 0> (http : // data. tpde.ac..cn)
its sub-basins
(IR M LT ) HJ 3 E ( Harmonized World Soil Database-HWSD
Soil properties ( depth of soil, soil texture, organic matter  version 1.2) ; ) H 3 J5 31534 4 0] 1) FH /K 0 4 48 4 1 km
content, etc.) F15 sk 229
Fw (KRR MR R SO AT T AR PO A R AR ALY S % 1k
m

Others ( maximum root depth, K, and vel)

{5032 Fl InVEST BB T} (36 2)

1.3 W5k
1.3.1 FEkiE

InVEST BB /KB TR -0 A9l 307 ko5 B B L iRk 55 SE PRz il R i 2 2508 U
IR 7K RO R IS SRy K Z A HRTE IR

AET,.
Y, =[1-—"
P%

R4

)

http ; //www.ecologica.cn

(D



23 1] JAEE  %.1990—2020 4= = VL IF/K 7 G 123 284k Ko R & 9847

AET, 1l +o, R,

= 2
P, l+o R, + L )
o R%j

AWC,
w, =7 P, (3)
AWC,_ =min(MaxsoilDepth, RootDepth) xPWAC (4)

PWAC = 54.409-0.132sand-0.003 (sand) >=0.055silt—0.006 (silt) >~0.738clay+0.007 (clay)’~

2.6880M+0.501(OM)> (5)
&=Kf% (6)

X, ¥, FR j 28+ MRS BT & 197K, mmy AET 87K j 25+ M ZSRIMIAR 000 « (4 SE PR 28 HUL it
mm; P, FoRMHEELIC « (ARSI &, mm; R, WIBTEZEHUR SFK &I HUE ; o, RIE TR TIRE LR
EWHEESEL; AWC, R YA B A 5 K&, mm ; MaxsoilDepth 4 55 K 58 E ; RootDepth A A 2R TR
PWAC, NAEB AT FIHIK . sand Ay T 3ERPR S % ;silt h HIEHPRS R, % ; clay b HHERR & B %;0M N
AV S R, %, Z B Zhang 3450, Zhang RECEF R X FEAKRFAE A5 50, PR =05 550 Beg 3R
DX SRR o34 KK SCHLBE, A5 ARG 1—30, ET, R80T x BIWETEZR UK B, mm, K, FR8 AR
MY ZE R AR B
1.3.2 KRS

THEAR RN =K B LR T, S5 5 F 5T X b H8 250 2 90 i 28 B50R 3800 A 2 7K R TR0 A% RUBE (19 7K T
WHFRE, HRITENT .

. . 249 . K., ) 0.9 x TI,
Rentention; = min| 1,—— | X min| | ,—— | X min| 1, XY, (7)
' Vel,, 7300 3 i
7 = 1g(daﬂageaeaj )
soily,, X slope,

=, Rentention,; hy A M SIS T« AOZK YR A SR I, mm Vel T2 j R MRS T« BT R
B SR S ), K, T x 0050 S K3, mm/d; 1k R G x (0T 9
drainagearea A5 7K X A% i SOildemhl SIS HTT o 1 IR, mm; slope, RS BLIG o BYE  HUIRE
AR 2 b LR 5 AR R GBI XS N OC R, P HEAR BN A S R GBI K IR A IR
1.3.3  Mann-Kendall #&#43H7

Mann-Kendall ( MK) £ 56 & —FPHES B 50718 R4 KSCFSE a2 AR B MATLAB
R2018B X4 5E B % RUEE 7K U5 5% RE 7122 AL Mann-Kendall #3047, A=0a0F .

n-1 n
S = 2 2 sgn(x, — x,) (9)
i=1k=i+l
x, , x NESEREIEE R n 9 EUREGORN TR
1, x, —x, >0
sgn(x, —x,) =40, x, —x, =0 (10)
-1, =x -x <0
S-1
, $>0
Vvar(S)
7 =10, $=0 (11)
S+1
, S<0
Vvar(S)

http ; //www.ecologica.cn



9848 xR 43 4

7 KT 0, 8o 2 B Z /AT 0, 8l p o B Rk, Y | Z] = 1.96 i, R AL R
FM | 7] = 2.58 B, KA B2

F2 InVEST #EZ it F| B/ BREBNENMIESH
Table 2 Biophysical parameters for each land use/cover type in the InVEST model

B RG AR AR IR R TR ZE TR AL TR AL
Name of ecosystem Name of land type Maximum root depth/mm K, Vel
4% 1 Farmland 7K H 2100 0.7 2012
b 2000 0.65 900
FRMK Forest A M 5000 1 200
Ak 3000 0.93 300
oAbt 3000 0.9 400
M\ Shrubland HEAMR 4000 0.95 250
Hi b Grassland [SF-Easi] 2000 0.85 500
rp 7 1700 0.65 400
IR 5 BE 1700 0.65 300
B Wetland IOES 1 1 2012
W 1 1 2012
IKEESTYE 1 1 2012
TRV 1 1 0.5 2012
WD 1 1 2012
THVE 300 1 900
JET Urban WU 10 0.3 2012
PR E R A 500 0.25 2012
HoAh % i 500 0.2 2012
Jici® Desert b 300 0.2 200
ARk 300 0.2 200
SR 300 0.2 900
A b 200 0.2 1200
B BT 200 0.2 1500
HoAt 200 0.2 250
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Fig.2 Distribution of ecosystem types in Three-River Headwaters
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Fig.3 Average amount of water conservation and water conservation capacity of different ecosystem types in Three-River Headwaters

region from 1990 to 2020

2.2 SYLIEKIE R SR 1A BRAR AU RAAE

1990—2020 4F = JTYRIX KK YTIR B I8 R VT IR = T oK R R 2 S Kol 3 (| 4) . =0T
IR ZAEF-BK IR0 SR R 163.84 42 m* s KRR 5% 1 1 35 I, 3%k 1.80 42 m/a(P<0.05) , A\ 1990 41
119.49 42 m*¥EHN % 2020 4E9 169.19 42 m* . = ASF Uy, VT3 Sl R 38 Tof i Sul /K R ok o ik 22 o 2 0 K
P AL 0.86 /2 m*/a( P<0.05) F110.81 12 m*/a( P<0.05) ; I Y VT Bl | R /)N, HoBa 3R i
#,50.13 4L m’/a,

L 2005 4EAZSIEBEAT I R0 A K AT 401 43 R A 25 T RR SHE T ( 1990—2005 4F ) | St J (2005—2020
AE) PN B, VLU AARAE DA B B PN K T 0 o e 2 R K # ) 2005—2020 4R AE {2 (0.16 /2 m*/a)
/NF 1990—2005 AR (3.34 {2 m*/a) , = ATFHUIAR , BTSRRI K R 7R ) R Kk
A TR ST /K PR TR F7 1 A8 A R T AR A TR S 5 B VIt 3 A 28 TR St iy A R o % 4 o 3k
FH 1.82 42 m*/a( P<0.05) ; A= 248 T R S0 f5 /K U5 5 o 52 T Bt 34 (HAR (b AN i 2

http ; //www.ecologica.cn



9850 JAE = 43 4

—e— 1990—20207K 5 i 35 & — ZRMERA(1990—20204F)
—— BMERIA(1990—20054E)  —— LA (2005—20204F)
240 1 140 -
=T KiTH

220

120 -
200  y=3.34x - 6512.05
P<0.05

100 F )= 1.82x - 3560.62
P<0.05

180

160

= 80

= 140

T 60

2 120 ) = 1.80x — 3439.95 !
i 8 P<0.05 y=0.16x - 147.51 [y =0.86x - 1641.24 y=-0.65x + 1406.23

z 100 | P=0.94 40 | P<0.05 P=0.57
%5
E E 1990 1995 2000 2005 2010 2015 2020 1990 1995 2000 2005 2010 2015 2020
% g 100 asr

§ 9 B L TREIT I8

3 0| 40 -

E] | y=0.45x-875.68 y=0.13x - 228.68

g 70 35 ¢ P=0.14 P=067

< 60 y= 1.07x — 2075.75

" P=0.05

30

25 ¢

20

y=0.13x - 234.61
P=0.23

v \j \
y=0.69x - 1325.07
P=042 15

y=10.81x - 1564.10
P<0.05

10 ¢

0
1990 1995 2000 2005 2010 2015 2020 1990 1995 2000 2005 2010 2015 2020
44y Year

B4 ZTEXREFREKERFRENHFERENL

Fig.4 Interannual variation of water conservation in Three-River Headwaters region and its sub-basins
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IK IR IR FE e 1R SR K IR FEHE 710 39.52 mm, KCEBAF X BAE T 40 mm ; 2 0] 7 38K 5L TR 352 BE ) 25
[i) 22 5 4k 2 | R AR X B 43 15 T 100 mm , AEFF DX SR 7R T 20 mm, 347K PRI TR BE T 4 49.15 mm; TV VT I
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Fig.5 Average spatial distribution and significant change of the water conservation capacity in Three-River Headwaters region from 1990
to 2020
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Fig.6 Trends of meteorological elements in Three-River Headwaters region

Pearson A/ AT R B, BE K | SEBRZE LS /K U5 TR 5% B ) A2 76 0 35 IEAH DG OC R |, SEPRZR B Lk 5 /K R A 77 i
NFEAE B F ARG R (R 3) , —VLIRREAK | SEBR 28 55 /K R I8 55 g 7 AH 56 R 504 5110 0.991 (P<0.01) |
0.876( P<0.01) , SEBRZEHL L5 /K I TR BE 7 A9 A AHOC R A -0.953 (P<0.01) , SRIUIAH R FE R 250 T, 52 BR
FETCRAR A, K JR TR 5% BE ST HAIG

®3 ZIIEKERFENESKEZEXXER

Table 3 Correlation between water conservation capacity and meteorological elements in Three-River Headwaters region

(4N TRTEZEHL SPREEHL SLPRAERLL IKUHEFR
[&7K Precipitation 1 0.154 0.921"* -0.953"" 0.991 "
W FEZEHL Potential evapotranspiration 1 0.495"* 0.138 0.039
SLPRZEHL Actual evapotranspiration 1 ~0.764 ** 0.867 **
SEBRZEWLE Actual evapotranspiration ratio 1 ~0.977

JK B F7 Water conservation 1
0 FeRiEIE P=0.01 BE KA

SAEAALE 5T, 2 BB N2 0 | 1990—2005 4F = VLI 7K Y5 08 77 A8 1 88 (R B S 3 i (181 7) o o,
KT FIBAE4734T0 21.08 mm , P4 e 350 18 X 2 4 Sl 3 36 i 34 ( P<0.01) 5 BRI 387 29384 0 32.25 mm, AR 63
Hb X 5L B RN EFE (P <0.05) 5 IV VL 8 S Y4 5 0 17,35 mm, PE LM X 5 B E 0 n#a# (P<0.05) .,
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Fig.7 Scenario Simulation of water conservation capacity changes in Three-River Headwaters region
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