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Identification of drivers for water yield in the upstream of Shiyang River based on InVEST
model. ZHAO Ya-ru', ZHOU Jun-ju'**, LEI Li*, XIANG Juan', HUANG Mei-hua', FENG
Wei', ZHU Guo-feng'”>, WEI Wei' , WANG Jing-ai®* (' College of Geography and Environmen-
tal Science, Northwest Normal University, Lanzhou 730070, China; >Management Bureau of
Shiyang River Basin, Gansu Provincial Water Resources Bureau, Wuwet 733000, Gansu, China;
*Faculty of Geographical Science , Beijing Normal University , Beijing 100875, China; *Gansu En-
gineering Research Center of Land Utilization and Comprehension Consolidation , Lanzhou 730070,
China ; ° Cold and Arid Regions Environmental and Engineering Research Institute, Chinese Acade-

my of Sciences, Lanzhou 730000, China).

Abstract; Shiyang River basin, located in the inland of northwest China, is an ecologically frag-
ile area with water shortage and prominent environmental problems. Understanding the upstream
water production process of Shiyang River can provide scientific reference for regional sustainable
development. Based on InVEST model, we evaluated annual water yield in the upstream of Shi-
yang River in the past 30 years with soil, meteorological and land use data in 1986, 2000, 2010
and 2015 as inputs and applied scenario simulation method to explore its response to climate and
land use changes. The results showed that areas with high water yield in the upstream of Shiyang
River were concentrated in the west and southwest regions. Among the eight major river systems,
Xiying River had the largest water yield depth (220.97 mm) and the highest water yield capacity
(46.05%) . The unutilized land had the highest water production capacity (55.49%) , followed
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by grassland (34.52%), cultivated land (33.27%), and woodland (31.59%). From 1986 to

2015, water yield in the upstream of Shiyang River showed a change pattern of increase first,

then decrease, and then slow increase. The changes of the eight major river systems were signifi-

cantly different. Climate change, especially precipitation change, is the main factor affecting the

changes of water yield. Land use change affected actual evaporation by changing underlying sur-

face condition, with consequence on water yield.

Key words: water yield; InVEST model; climate change; land use change; the upstream of

Shiyang River.
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Fig.2 Potential evapotranspiration of Wushaoling Meteorological Station before (a) and after correction (b)
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Fig.3 The parameters of spatial distribution in InVEST water yield model-Taking 2015 as an example
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Table 2 Biophysical parameters of land use types in In-
VEST water yield model

1% % Ke Root_depth ~ LULC_veg
(mm)
st A (FFA) 1 7000 1
Bk 0.8 5100 1
TEAR M 0.9 5000 1
iy LT 0.85 2600 1
LTS ) 0.65 2600 1
(iR Esil 0.65 2600 1
K3 bOES 1 1 0
KPS 1 1 0
W BA MRS 0.5 1 0
T 1 1 0
HEST A Hb B 0.3 1 0
T Rt 0.2 1 0
T RS 0.2 1 0
A b i 0.2 1 0
K RE 0.2 1 0
b 0.2 1 0
HE 1 3000 0
ot 0.2 1 0
B 1 X 2 0.65 2100 1
Fr e 0.65 2100 1
T S 0.65 2100 1

Ke J 5 — T Ho 1T,/ 5 B P T L 2 B 2 B ; Root_depth Je= 1 Hi A1
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R B AE 1, AR 0,
Ay, TR EE 1 30 B K B RN A 28 0 R X 42
Tt B A S A DR S AR
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Fig.4 Difference between natural runoff and total water
yield
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R 3 AT LUK B, A 2 i e K s AR R A LA
T RRERE . (1) A 200 B2 7= K G R 146.59
mm - a”', FAFEREFEK RN 33.67% , 3 B K E R
16.32x10° m*®, (2)1986—2015 4F 47 -] b= K
TREE 7 7K 7 7K R 500 5 B4 38 I P N e
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TRBEZS (8] 70 S48 R AR A AN R, 38 AR S 7R S — 2 A A
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VYR PURIHR , 2 4134 7 K B BE7E 150 ~ 200 mm,
XTG4 Jry 5 DA YR /K e FIAE R 73 A A% SR
FETE A4 G R  HMEF RoK it m M B ZE RO = IK
(R DI, L7 K R B (U AR P 45,2017 ) o I []
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2B H VT E I i K (220.97 mm) , HR 4351
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B, HAARKITRREEIE N, 38 17 29.53 mm, 1M HA
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Table 3 Temporal variation of water yield in the upstream
of Shiyang River

Ay PR IR SRS =3 TR FR B
(mm) (x10% m?) (%)
1986 144.53 16.97 34.39
2000 162.17 18.31 36.28
2010 136.14 14.53 32.19
2015 143.51 15.45 33.83
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Fig.5 Spatial and temporal distribution of water-producing depth in the upstream of Shiyang River
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Fig.6 Variation of water yield coefficient in the upstream
of Shiyang River
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SR AH (184.62 mm) | FHE (158.39 mm ) FlI#FHL
(130.69 mm), MAEfL 3 -0 LIAE 1, 1986—
2015 4FA7 1] F 4% A A 2 Y B 7= K TR 1
KA BhAR Ak, e R RTbR 2 S S P %
T RRE A ) P K R BE ARSI R A
FHHAERFEL D
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M 17

AN A b FH AR AR SR 7= K AR A ) 2
[H 2 (Lang et al.,2017), InVEST 5 %1 7= K 4 B J2
A 7K YA i 3L T AP o] A ABE AR A K RN S PR ZE
-0EE8- A LN 1] & i R e S8 )
2, PR ZE R D) [a] B 57 3 3 4 Hi 78 ol 2 TR0 A
AR, EERIR SRR KK AN
ZEIEBE S 72 A 5, T P2 K AR AR A e A 5 |+
b R FH 72 A U388 3 - b 2 e 21 TR 8 AR A K A
S (AR SE,2013) o PRG35 S 40l R 448
TP ST g 7 K X A A A i R 7 AR Ak
A

% % 7E 1986—2000 . 2000—2010 , 2010—2015
AR SR A AN R AR AR TS SR AL
2000.2010 2015 4F A7 30 _FEr=/KIRE (W), #
4 v W B IE B R SE R K R BE R I s s 2, W A
W, B 1 B0 3 7R A A A b ) FE AR A A Al 7= 2K
s

4 IR, 1986—2000 4FE LR f 5L R 77 K
JEREK T722.94 mm , H A A5 A8 A AR ol 7= K IR B2 34

x4 AFALESES TR BEA=KRENRMm
Table 4 Impacts of climate and land use changes on water
yield depth in the upstream of Shiyang River

LR Wo W Wy Wy, W, W/
(om)  (mm)  (am)  (mm)  (om) Wy

1986—2000 167.47 164.08 22.94 3.39 19.55 5.77
2000—2010 141.34 145.06 -26.13 -3.72 -22.42 6.03
2010—2015 149.75 160.06 8.41 -10.31 18.72 -1.82
W < SCbR R KT s W 2 B KL s W, R AR s W - 2
TRAS LRSI Wy SRRk 1 RSt BV - M P AR (i
TR AL 197K A (L d
JNT 19.55 mm, GTHERR A 85.22% ; 1 + Mo F FH AR 1k
PRAE P KR EE RSN T 3.39 mm, ST G 14.78%,
W] 1986—2000 AF A5 | 4= Hb A FHAS AR X 7 K R i
R 10 X5 ELA T 1) A2 AR T T <0408 722 Ak 5 T 6 2
A AR A S Wi Y 5.77 %, W 1986—2000
AR AR X P K R s S S SR

2000—2010 4F5EFRy= /KR EERD T 26.13 mm,
BLALEE R s SR B0 K IR WD T 22.41
mm , DT FEN 85.76% ; i + A FH A8 b 5 850™ 7K IR
W T 3,72 mm, BTEAER N 14.24% . P8 2000—
2010 4FA A5 | A AR PR X 7= 7K TR BE Bk 20 AR e
S IE [ R VR A A A8 Ak 52 M 2 - R AR
& 1Y 6.03 f5, F¢ 1] 2000—2010 4 A7 30 |
Ui 7K AR Ak 3 A2 AR AR A RS 1T - R/
B AR R /N

2010—2015 4E5EPR = K BEBEHE N T 8.41 mm,
BEAUZE R, A 1l A1) A2 A3 7 K IR BE s T
10.31 mm,ﬁﬁ?ﬁf(%j’f]—12259%;%1’%’;’1&1&1%?3
KRN T 18.72 mm, H TR HR K 222.59% , %
U B A AR AT 72 7K B A 18 ke 1 ) 2 B VR
T H ) FH A8 A X6 77 7K R A 184 in ke 2 1) 0 i A
FH G TE ] fi 2E 4 P2 S ) #0 VR Y 1.82 1%, 3%
B 2010—2015 4747 2F 70 L3 = /K As 1k 52 A e A
EqIUR- AU oy w0 | L A<D R

M 8 AT LIE Y, A 3 L 1986—2015 AN
[F) = oo I 2R A T AR | LU A AR B 8 25 5 . kRN
I FH b TR S B ST S ) A AR AR Ak AR | B
bR SR ) 22 S 8 1S A IR G T A AR B S Rk
WM AR AL a3, 7E 1986—2000 4F, #kHb A& F F
b DA K g B FH Ml ) TR o5 B A I N T 1. 10% |
0.03%%11 0.23% ., XA ST Ml Fry PRk 184 o =22 D)
Tl R SR AR, R b A D B A
BTG AR T 1.09%, 7F 2000—2010 4E Fl
2010—20154F 33 PG~ Bt B, ARy | 50l 17K 35 T AR
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by A FH Bl TEFR AR R 1) 06 2R B TE AR OG5 M |
b AR AR AR YOG AR 52 A7 AH DG, e WA (] s 00 AS ]+
Hi R AR A 7= oK S s AN IS A/ R i 9
Ui P oK s AR AL 5 S AR b 52 e e 45— 3K, i DA S
AR AT 2 B K AR £ S R T
SRR ST, FRATTR 32 300G 1 YA A
AR IR BE PR R

4 1 it

4.1 KR MRS R

A SCNZA RUBE X A 0] b3 7 7K B Y I 28 %
JRHERT T BT , 6 B K A T B T A
P WF 98 R A AR AL 5 e =K AR b i 3 5
2, R KO R ) A Ry 3 O S BRI A GG
Z, X 55 Z W5 (Jiang et al.,2016; Lang et al.,
2017;Yang et al.,2019) 2518 —3L, Yang % (2019)
TR 43 A, 45 InVEST 77 7K K 50 5 [k 2
Bl U ERUB R S A T, B K AR s
FHorE KR B & 254k, Lang %5 (2017) i@ i3 74k +
b A A7 AR X 7K 7 B B R M TA Ry e 7K B Xof
FEAK A AL B DT ER R R, 97.44% 1 X WE 4
(2015) XUZE2x55 (2009 ) 3 5l % 5t HEFE A1 58 I
Hu DX = K B EA TR S, S5 SR B | S PR e AR
TK LR S X K AR

FEK S XK A I o AR 25 A 2 R (R
K TS (SEBRZEER ) - B 45 3R, PRI 7 7K B
FEIKBE IR /INIE 52 3% X s [ K | 52 PR 28 A DA I
T Z A DG FR A RE I T A K R SE PR AR UK, R
TR SEPRZEBORBR T 32 AR R R (R G A X
A H BRI AR ) S A, I8 BLRESZ T T B
b/ B AR, R B o S PR ZE
RV ) 2 B g A R DR B, AT R e K
H(Lang et al.,2017) . kAR 25 (2018 ) X BE 0] i
IR K R TS R B Bl K AR AL,
BB | HER DR SR S AR AR & A AR
3 3 O b KRS 8 | bt 17 - S PR Ok S ) X 3
SEBRARE R A K AR, W REAE (2013) X =
TR IX A 25 R G55 7= /K = I 5T, A £ A
FHAR AL 25 T 350 3R s AR Jmy /K VAU B0 B b 3R A%
TR A TS e DX A, AT S A K

AT K RBORF R KA. D), A5 R R,
A ST YA I FH 1 0 7 K B8 T B, FLUR hy
FR M, AR = K BE 7 B 55, 220 i - R /7
YA IR b e . MRS IR AR R 7T LU S50
AR IR B SR K2R AR, SObRh = 7K
B AR R b A A R MR b 23 2 7K R, B
RARE, AL 3059, AN W i A KR 25 T e
—E 7K 53 TTAMRHBAR 2R BE IR, T AR 4 7K A Lk
BR Wb — e FE I R K (R
BRFHS A Z T AR L H Rt g /N 43K
R KK T H238 A Hb 1 808 A2 i (Lang et al.,
2017) . kY ™= 7K 2 BOH X AR ZE K (H /N T 5
Hby AR IR K 33X — % R BUMRH 7R 5% S B
HbJS 7 K SR, A AR 5 S B b S K
TR LRI FE R i A s 4 7 2K BE T K
TEIRAEES RE ST, R T K T A KU , TP b R
KBS IR A e T sk, PRI, o T S0 ik
SEA R SR RGMRE, NG KA+
PR UR , IR e A S RS

AR SCHEANSE FLA5 Y 1986—2015 4F A7 3] |3
FEAKTREE =K 7= K 2R 500 2 B S 1 s e
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