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Abstract: As the most important ecosystem service function of the Three-River Source region, water conservation is the
strategic support for promoting the ecological environment protection and high-quality development of this area. Based on the

water production module in the InVEST model, combined with the shadow engineering method, we analyzed the temporal
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and spatial changes of the water conservation value of the Three-River Source region. We also used the coupling degree
model to explore the coupling relationship between the regional conservation value and its influencing factors. The results
showed that; (1) The water conservation value of the Three River region showed an overall upward trend from 1981 to
2020, with an average value of 156.207 billion yuan. The spatial distribution characteristics were more in the southeast and
less in the northwest. The unit water conservation value of each region was as follows: source of Lancang River>source of
Yellow River>source of Yangtze River. (2) There was a positive correlation between precipitation and water conservation
value in each period. Before 2010, the correlation between precipitation and water conservation value was significant. After
2010, the correlation was not significant. The response of water conservation value to precipitation decreased. (3) The unit
water conservation value of forest land and grassland was higher than the regional average, and the unit water conservation
value of cultivated land, construction land and unused land was lower. The increase in the area of forest and grassland and
the decrease in the area of unused land were important factors for the increase in the water conservation value of the Three-
River Source region. (4) The per capita water conservation value of the Three-River Source region fluctuated, with an
average value of 250200 yuan per person for this period; the regional economy of the Three-River Source region was
developing rapidly, and the GDP growth rate was significantly higher than the growth rate of the water source conservation
value. The ratio of the water source conservation value to GDP dropped from 15.48 to 2.89, the value multiplier of water
conservation decreased significantly, and the scarcity of water conservation increased. (5) The coupling degree between the
value of water conservation and various elements changed from being on the verge of imbalance to the primary coupling
state, and the interaction gradually became stronger. As the uncertainty of future climate change increase, especially the
rising temperature, it would become the main factor limiting the water conservation value of this region; promoting the
transformation of unused land into ecological land would promote the steady improvement of the regional ecological
environment quality. In addition, the Three-River Source region should focus on protecting natural resources and the
ecological environment, changing the past production mode dominated by animal husbandry, and expanding the common

development of multiple industries.

Key Words: the Three-River Source region; water conservation value; InVEST model; driving factors; coupling degree
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Fig.3 Spatial distribution of water conservation value in different periods
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Fig.4 Interannual variation and correlation between water conservation value and precipitation from 1981 to 2020
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Table 3 Land use type and water conservation value in each year or generation

Ja SEfy Hih b1 FHl K AR ESUNEED
Attribute Year Cultivated Forest Grassland Water Construction Unused
[HEA 1980 4F 1163 16294 229584 7638 79 59344
Area/km? 1990 4¢ 1264 16320 229459 7684 78 59394
2000 4 1354 16301 229300 7577 91 59575
2010 4 1853 19900 239815 8242 135 44254
2020 4 1827 19813 239861 8265 196 44182
KIS A 1981—1985 4 2.44 139.69 1285.67 0.17 0.24 171.86
Water conservation value/ 1986—1995 4 2.31 133.02 1083.28 0.73 0.19 135.36
(x10%70) 1996—2005 4 243 134.39 1125.86 0.23 0.20 144.17
2006—2015 4 3.80 192.33 1298.60 0.31 0.42 70.45
2016—2020 4F 6.31 278.43 1841.41 2.64 0.58 111.29
B K IR TR A1 1981—1985 4F- 20.94 85.73 56.00 0.22 29.88 28.96
Unit water conservation value/ 1986—1995 4F 18.25 81.51 47.21 0.95 23.95 22.79
(x10*JC/km?) 1996—2005 4F- 17.98 82.44 49.10 0.30 21.64 24.20
2006—2015 4F 20.50 96.65 54.15 0.38 30.81 15.92
2016—2020 4= 34.52 140.53 76.77 3.20 29.76 25.19

3.4 JKIERRSEMEXT A TS GDP fyma
341 AR A S
2000—2020 4F, =VLIR K A D& BEf 1.63 A/km* B K & 2.44 A/km®, A FRLVEEF 52.68 J7 A4
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2 78.9 JT N AEYIHEHE 1.94% , Horpr VTR BN AR v LR 9 N 018 82 4l il 0.45 A/km? (2,57 A/km?
1 2.42 A/km* K% 0.74 \/km?® 3.5 A/km*F14.25 A/km®> A\ H 51 6.29 77 A 32.74 T3 A FI 13.65
JT ANHEHNZ 10.34 J1 N (44.58 T3 N1 23.98 T3 N, FEIBG UG R 2.4% (1.48% 1 2.72% , 2012 428 = VLR
X R 13858 B FE T 15, 2000—2012 4F, BX 3 A F1 36 A5 B | AR 35734858 K 2.96% , 2012—2020 45, X 3\ 11 4
BURSE , A IGHAUR 0.21% (B 5) . IWZS B4 A0 K VTR XU AR ) A, JE8 N D 2, N RS
BRI (>5 A/km? ) AR FPZEZR B M X — /NS 43, VLR XN 2 R X = A v oA B Y] 5 R 78 VL
PR BIE N O SR 2P0/ 0 3 Ak JRy , N VSR B AR 0 DX 03 A 76 2R B AR G R s i 43 D3 T VR VLR X
AR /D R R DB B A B A A 51 (B 6)

Al I
40 F o HIE
35+ = S{LPEFEHE

3.0 |
25 F
20 MMJW“

05 L W N D% /(N /km?)

f \ \ \ \ o1 [ J]2—3 [ 45
2000 2005 2010 2015 2020 | 1— []3—4 M >5

44y Year

UNEE:S; S
Population density/( \/km?)

B 6 2000—2020 & =TiFXig A O = B9
Fig.6 Spatial distribution of population in the Three-River
Source Region from 2000 to 2020

E5 2000—2020 £ TEEXBAOEEER
Fig.5 The change of population density in the Three-River

Source Region from 2000 to 2020
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FR i I St 7 B4R 28 5 = VTR X335 N Y 26 > B AT GDP 4T 1T 24FI0 8, i FIu
H 6 X R/ 3R ARy B AT BT GDP Bt , AR SCAGE 4Ry sl GDP (51738 GDP A% -2 Lo £51) 3fe %54 dke
DA TS GDP 47T BB GDP SRAEM BN, 26 M BYUTBUR N AR FBE A H B HEE
AGE 2 H I B S st AR MR SRR RS AR R BRER FREE R iRk
FE EMT 2 BANE L2 B 17 B PATECRA, T
BEEA I T 5L Tk EL R 5 BRI 5 R U
S A B AT G, D112 BT B 20 B A R e yf q
H3 A BT AL, LR H A R E i B T Nyl
=YLIR GDP Hi 2000 4F 52.49 {ZJ0HE K & 2020 4F
748.45 147G, 380 14.26 A%, ARG K 33.14 {270, 4R
KON 13.49%, MHLA T RERT AL, 2011 450 = JLIE X
1, GDP 1 3 1955 97 44, 2000—2011 4F |, X35 GDP 4E#)
B 19.25%, GDP =¥ H 2 Fr 2 K A3y
2011—2020 4F, [X 4, GDP 44138338 4 5.6% , GDP 33 9 3000 2005 2010 2015 2020
R W T 7). ST , B T K T 38 e
B A% R AT GDP B &, 2000 4F GDP 2h 16.74 2 E7 2000—2020 £ =THERKE GDP L
55,2020 4E GDP g 305.93 12,75, (i T 8 T Y 1X 8 1 7 Fig.7 The change of GDP in the Three-River Source Region
LB GDP HfF. 2000 4F GDP 2 0.23 175,200 4y o 200 02020
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3.82 447G, £ 2000 4E 1 2020 4 GDP i X35 43 531 J2: e fR X 3k 1Y) 72.78 511 80.09 £, XI5 GDP &% F K,
2000 4, GDP & Fb 5 e i B dak = AR e YR IXAR SR AY AT IR X R, 2020 4 PR IX R R4S B3k GDP i He BT
2 IRV X R T T v VT X IS B R e, 1Ay X A B i B KA (TR 8)

O =ILIR X3l 5t
20004 4 X 35 GDP/{Z 75 202044 X 1GDP/{Z 6
1<05 /= 1.0—1.5 mm20—-25 <5 m 10—15 m=m 20—25
C105—10 M 1.5—20 wm>25 0 5—10 B 15—20 = >25

8 =IIBEX&E(KX.1)GDP
Fig.8 GDP of counties in the Three-River Source Region

3.4.3 KIEHFFMEXT A5 GDP A fk i Ji

IS EAE N RS R GRS ME B A5, 5 AR UM G . IE A AESRSERS
B4 2.84 Jiot/ N 2000—2020 4F , = VLIRS K IE SR E R 25.02 J7 70/ A ALK ISR M (6 1 300
R E A A S RGNS 8.81 £, —VLIRZ4E NS /KU T (AR {EL R 2015 4F 7.48 10T/ N,
e {2 2009 4 31.78 170/ N i 21 AR AR KIRR SR B 2h 284k, KRB0 4 BB . 2000—2006 4]
ABIK IR AR, BR 2005 4ESN SR T 245 F- 118 ;2007—2011 4[], BR 2010 45 A B 7K IR0 T2 0 (6 R
24.43 Tt/ N AR T 24P IE S0, AR 8 T 245731 ;2012—2016 4 A X 7K I8 5= 1 (A B8 F
AR, o AR PSRN (A AR B, HerP 2013 4EH1 2015 4F S A B9 AN 4E A5y ;2017—2020 4F, AH
IR UG IR S 2 0, B8 T 27.42 1ot/ N (E19) . —ILIRZAF KRR TR M (AR B 3918 5.79, & =
{4 2000 4F /K J5 IR FRAN (B X GDP (19 15.48 4%, S AIRE R 2015 4F K IR SR AN (B X GDP 119 0.91 £%,
2020 424 2.89 £, 2000—2020 4F = JLIEK IR AT (A ET LLEFAE 8.32% AR 103 T B, K IR TR T AN (B Y 14
KR KT GDP AR R K IR I3 U (B A s Bt T (&1 9)

4 KERFNESBARAEZERNHSERBAMAES R

2000—2020 4F , ZEEHRA VRN PR f(x, ) RS ETFEH, Hi 2000 4F 0.49 T3 2020 4F 0.64 , fl &2
Y Wi S IR S IR G, R W] = TLIRK PR R TR S R K | bR A5 9 SRR A B KRR S0 A
IKIETR T E B A SR M EAE RN AR, ARG BTN bR g (x,) B35 BT, H 2000 4F 0.16
T 2020 4 0.91, G 2EHY iy 7 R IR AR A DL TR, U ST AR R R RN b i ) 55 7K A R A0 (8 A AH B
VEFAR R, ASREEZR B R BR 1 XK R TR0 A EZR K LSS RN sR 8L h(w,) WK, H
2000 4F: 0.8 F#AIRZE 2020 4F 0.36, 5 JE 80 il R 4FHR5 728 S 8 B2 R 18, 2000—2020 4F IXER 28 35 AN H 35 K85
P At 2 5 K 5K IR R SR B A AR TS0, U HOR 2 BF R R S THAE T —E Re IR 5 R, =
FOK VSRS B R ek T, P, KRR SR E S 4 S R R R A B a3 (& 10)

5 e
ASCHFH InVEST #EEI25 A T TREETHE T 1981—2020 4F = VLIR /K IR SR E , BFoT 45 SR 2] =
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TLVR B /K TR SR S/ B THRA %, IF S A Z VAL 2 R RRAE | %85 SR 5 R BT & e 45 2t
AR—, FEKSGKIERIEN AR B PG 4R g 32 4 A DR 3, 7 F A R Ak A TR v VTR, A7 IR 7K R
575.48mm , 43 B E PR A TLIR M 1.26 F5F0 1.55 F574 BLoh Wi LR 1) + b2 DL SEZR AR AN
B 431 R AEE K AR BE AR, DR, TR 9 YT UR A BTG K R SR ¢ e e ) X, AR B PR 2ok
A ,2001 4ELUE , ZITIRK IR IR (540 2 ZE R M A SR B2 Rt G S VR 55 S W1 R A RS 2R WK TR iR 9%
W B 525 ZR WA EAE A ETE . BT = VLIRE ST 0 BT, KA SRS B4 BRI, B K i 7R
R BB T X s K R B A T R RN R T AR K A B RE T, X AT RESE 2016 AFE LS = ITIR
KRR TR A (L 1 1 2B S PR, (A5 R R b R P A A 1 SR 3R 5 K R 5 400 (L 9 A 1 AR 58k
R R K YR R SR A (L %) SR 0K ) g s Rl B N B GDP 3R AR 5% 4k S kR Z | T —
BT, X 9 5 R R AR P TS R 08 0% , TR AR, Ak SR 5 /KRR % 0 R 5 B2 1 Bt Al A Tl 22 ,
TERRBE TR BUIRBHE Rk sh

2 o NKBAFME o KU TR - f(x) —e—glx) —a— h(x)
R 35¢ 116 - 1.0
= 2
X 14 ®
5 301 g 0.8 -
w2 12 . 2
&S ® 5 0
g 25 10 ¥ 5 E]
k8 m 3 2 06f
1= A‘% = § =]
= o20f 18 2 =g
28 s g
25 16 E 5 By 041
22151 g )
L 14 -z,\v = O
: g S o2l
s 10 | 12 Q :
s 10 S
5 5 ' ' ' ' ' 0k
a 2000 2005 2010 2015 2020
AFfir Year 2000 2005 2010 2015 2020
. s - A4y Year
B9 2000—2020 & = ;TR A 7K iR il F= M B 5 7k iR 5 0 E 5k
BT E10 = THEKERERNESAERAZEZMHSEZRZRGE
Fig.9 The change of per capita water conservation value and Fig.10 Coupling degree of water conservation value and natural
value multiplier of water conservation in the Three-River Source elements and social elements in the Three-River Source Region

Region from 2000 to 2020
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VRAFRE LT BB R — 7 T, A b 0 5 38 06t A 25 B85 (10 R A2 3 DR P, A A0S 528 1) 5 e T
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IRIRGRAT, 77 e 20 ELZR S DX e b TR R, N 38 A o, U 3 A A 7, Tk i 2 S B A F1
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