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Grassland cover and ecological service function changes in Shiyang River basin
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Abstract: Grassland ecosystem is susceptible to environmental change, it is of great significance to study the changes of
grassland cover and ecosystem service function. Based on the remote sensing data and InVEST model, we taken the Shiyang
River basin as the research area in this paper, and quantitatively estimated the service functions of grassland cover change,
water yield, soil conservation and carbon sequestration service since 2000, and discussed the effects of grassland cover
change on ecosystem service. The research results showed that the degradation of grassland cover in the Shiyang River basin
was obvious during 2000-2015; the water yield of grassland was decreased first and then increased, and the service of soil
conservation and carbon sequestration were decreased. There was a significant negative correlation between grassland
coverage and water yield in the middle reaches of the river basin, and a negative (P < 0.001) correlation with the downstream
soil retention while there was a significant (P < 0.001) positive correlation between the grassland coverage and other
ecosystem services; the obvious vegetation degradation in the upper reaches of the Shiyang River basin gave rise to the
decline of grassland ecosystem service capacity, so improve the quality of grassland ecosystem in the upper reaches have a

great significance to advance the ecosystem service of the whole watershed.
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1.1 RXER

1 3] B AL B A 101°417-104°16" E.
36°29'-39°27' N, M 4.16 x 10' km®, “F¥iGIk
212000 m, J& T #8Y 0) K R A T 2 A, H
Eoohy FHRAREEERAHE SR EHARE
2T RIBE X, FHREL 0T, HEFY
B K E N 300~600 mm, 4F7% KA 700~1 200 mm,
FE AR KR LSS L, % X E O 3 B o e LR
WG Ll A, R R, KRR KR e R
L2 I S s = e S Sl P i - A <

BWARNIX, FEWEANLE 78T, FFEKE 150~
300 mm, 4EZ& K& 1300~2 000 mm, T8 W
BRT BHEXE, HAREMEZEREKX, ZX
T R BN R, KR RRRE IR E: TF
HEETREX, FEARYFMMEEE, 25
SR 7.6 °C, FEBFEKEAR R 150 mm, FER
i 2000~2 600 mm, XIKFEKADHZELME, BT
O EK X, o AR S PR B ) R R X
W, CRESRE, T UL JE 5 A B
JRHE B

1.2 HIEFRIR

T #% 78 &% & (fractional vegetation cover, FVC) LA
MODIS-NDVI 7 i #1538 1%, 1 — L AE Bl 45
#( (normalized difference vegetation index, NDVI) 7= ff;
27 B A9 250 m, WA > BN 16 d, LUK
{8 & AL 7S 24 Kt o 18 6% Ik 55 BL MODIS-NPP 7=
dn B IRAT, NPP ™ i 25 18] 20 9 209 1000 m, I
(B3 HE%F N 1a. LA MODIS ###145K A https:/modis.
gsfcnasa.gov/e 727K il 55 5 T3 iR %5 % A InVEST
BRI, Pl B Bl s 52 1 A, xF 3R
() 5 s 0 30 AT A B AN T AT BB RS RN S 5
1.3 b EE

AHEFC UL NDVI TR 52 ), 2T InVEST
R K R, R M, BT EYO
GIERTIE, EEW A FWRREAES RS
(7= K MR 5% 438 DR 457 IR 55 1 [ Bk i 55 1 I = A
HHFAE o

ARG S5 S W B A b R A R O 1
WA FRER (K ). EWAEBARL. LIERE
MR AEEEEMERRNTFE2KR S8, U
FHIT A 8 X AR S HmT 15 55 1% . SOk A 3 3
IR, gy A KB SCER3RAS . Zhang REL. 0
K BT R AE R R R R 2 B, S
X Sk bR Al O AH £ o 2 OBEAUL S 23 0 B 9.433. 800
25,

1.3.1  FOHE 5 AR

T W78 o B T NDVI 8 . LAg T — o i A
HERS, AW

FVC =(NDVI~NDVIi) | (NDV e~ NDVIso) (1)

A FVCONMAME i %, NDViggy A1 NDVIey 77

http://cykx.1zu.edu.cn


https://modis.gsfc.nasa.gov/
https://modis.gsfc.nasa.gov/
https://modis.gsfc.nasa.gov/
https://modis.gsfc.nasa.gov/
https://modis.gsfc.nasa.gov/
https://modis.gsfc.nasa.gov/
https://modis.gsfc.nasa.gov/
https://modis.gsfc.nasa.gov/

EIRR e

S5 A EI IR L o S AR S IR S TR A A 29

#F 1 InVEST 2B S HkiR 15 BB
Table 1 InVEST data source

2% Parameter

Sk Source

B /KB (8B i v L 4 M)
Precipitation (Kriging)

W /EZX IR Potential evapotranspiration
#2801 Penman formula

TR Soil depth

DEM/(90 m x 90 m)

IR K R

Soil saturated hydraulic conductivity

4E7K X Watersheds
e EI K Slope length

AT A KR

Plant available water fraction
ZRHL A # Kc Evaporation coefficient

Tl Sub-Watersheds
Zhang %% Zhang constant
Rk 120 73 K F Erosivity (R)

T %78 35 K Vegetation cover factor (C)
KL ARIFE T

Soil and water conservation factor (P)

T3 iR T Erodibility (K)

o [E S 5405 M http://data.cma.cn/China Meteorological Data Sharing Network
P B O http://westde. westgis.ac.cn/Western Data Center HWSD Dataset
PUIE B O http://westde.westgis.ac.cn/Western Data Center HWSD Dataset
P B O http://westde. westgis.ac.cn/Western Data Center HWSD Dataset

P B O http://westde. westgis.ac.cn/Western Data Center HWSD Dataset
PUIT B O http:/westde. westgis.ac.cn/Western Data Center HWSD Dataset

PHEREHE HP 0 http:/westde.westgis.ac.cn/Western Data Center HWSD Dataset
TR K R Rk A 2575 R e 72

Difference between field capacity and permanent wilting coefficient

%% FAO (FI¥EBAIE 2 T )2 Allen™”

Reference FAO irrigation and gardening manuals and Allen

o [ R) 27 B DR YR PR B A e el (4 R /78 4 i 4 )
http://www.resdc.cn/National Land Use/Coverage Dataset of the Chinese Academy of
Sciences Resource and Environmental Science Data Center

SWAT #EMTH5 SWAT model calculation

2 AL U A 9.433 Multiple simulations take optimal value 9.433
25 L HR[14] Reference [14]

22 CHR[15] Reference [15]

22 LHR[16] Reference [16]

EPIC AR5 J5 2% 3Hik[17-18] 42 1E EPIC Formula Calculated After Reference [17-18]

il g Al R R Al A 6E B NDVIAE 456 TN
FEOR H AR B, BUA K N M B NDVE B/ E
0.076 Fl 55t KAK 0.818 X7 NDViyy Ml NDVIe,"

XF 20002015 4F B0 78 55 A 3 AT ), 4
& OA T LT X SE 52, B SRR 4 N
5K Frh, MW SE 2 E<-20% N9 RIE
th, 1E-20%~-5% N RIBI, £-5%~5% A
T, TE 5%~ 15% NEMME, HEEGEELZ
Z2>15% N 0 .
1.3.2 B RGRSS AL

1) =K IR %%

77K B B 5 T Budyko 7K 3R & T i 15 %
(1974 ) FIAE-F ¥ B K 40, DLK &Pt
HrrkE. ARIE:
AET (x)
P(x)

y(x):[l— ]XP()C)o 2)

A AET(x) R o M A% 570 x () 4 S8 P 28 U

P(x) R~ W% BT x AR K &
KB AR, HEARR AR S
B 7K 1 LEAE) SR H Budyko 7K #E & P 7 il A X
AET(x) _ PET(x) PET (x)\“]"
EeaidBie < ul [N e
Refi: PET() Fom e IR . o) F7 B AR UR-
TIEE AR E S H, Ho PET(x) 3 N
PET () = Ko (L)X ETo (%) » )

X ETy(x) R M4 50T x 19 2 B 1E W & 8
K (1) FIMa& B e ) 2 R .
AWC (x)
P(x)
X AWCE) AE TR A S K E (mm), H 1%
A LI BORE R E, Z N EH, KX
5% 7K 3 A Je FAth 7K ST HE BTRFAE o
2) HIELRKF IR 55
3 IR FF MR 55 DL AR D RN L SR AR R B N 4R

w(x)=7Zx +1.25. 5)

http://cykx.1zu.edu.cn


http://data.cma.cn/China
http://westdc.westgis.ac.cn/Western
http://westdc.westgis.ac.cn/Western
http://westdc.westgis.ac.cn/Western
http://westdc.westgis.ac.cn/Western
http://westdc.westgis.ac.cn/Western
http://westdc.westgis.ac.cn/Western
http://www.resdc.cn/National

30 i

S5

By

36 %

b, TR EE CNEM AT RER M E
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USLE=RXKXLS XCXP; N
SD=RKLS -USLE. ®)

X USLE RSEbr L3200, RKLS RVETE L 11E
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3) [l B i 5%

RO 2 b i AR, B A E R
EHID IR, RN TRELA:

6CO, + 12H,0 = C¢H;,0¢ + 60, + 6H,0. ©9)

Ry B EAE: MY TYRA~S Co,
THFELLEI N 10 1.62, KL R E A

Ve=NPPx1.62. (10)
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21 AFAREBEMEEE A TFIE
20002015 4= HA 8] 4 2 ] i 45 55 4 78 5 158 0 K
EAWL N, /MEZ R INES, FHERE
LS 10 JE b B A (R 2). 454 20002015 4E +
Hhy ) FH s ) B i AR AR A G v, 3 X A T
(1) 5 [R] e b TR RRUAE AS T ok 2>, e LRI 7B o5
O AT O, A9 R B T R R O R MELTE AN
T 1 I . RE B R A R AR 3 ME e B S kb, 2005
2015 4 B 7 75 B BRI UR IR/ (B KAB /DN, B
AINMERE I, BE R N), 2010-2015 F /N N

F2 20002015 FAFARBEMEARRENEEELTNL
Table 2 Changes of the grassland area and FVC in Shiyang

River basin in 2000-2015

TS E FVC/%

ey Tt _ i
Year Area/hm’ I UNEN w/IMA WY

Max Min Mean
2000 1110400 98.4 18.9 50.3
2005 1106 800 98.3 23.5 52.3
2010 1107 900 97.8 27.4 51.5
2015 1 093 700 92.3 26.9 50.6
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Figure 1 Change trend of FVC in 2000-2015 grassland
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Figure 2 Spatial distribution of change rate of water wield
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Figure 3 Spatial distribution of change rate of soil conservation

WA KIRME . 20052010 4F, AN sk A 498 {5 15
AR X, W X IR 5 AN ik i
BIe R, VIR B X B, R i
AN P /D o 2010-2015 4F, Y38 74 B 34 X 48 5 Bl
— WA A AE e, TR R X A B R A S E R A
Wb, RS AT — AR AR
2.2.3 [l g Ak 55 I SRR

20002015 4, A7 2 0] It dok 5 b [ Bk o A4 2
R ORI ARk A, [ Bk &= AR
2000 4F 1k 3 5% & 18 194.25 g'm >, 2010 4F 35 B F 1K
18 139.01 gm >, ZAEPIIMH N 15592 gm . NF
VR Sl R o AR S SR Ry <K WE R
2000-2005 4 & b o

M7 (8] 53 A R A =T A 3 ] e o
B, Eam LEAREEHFER KNS 7
FRAE (B 4). 3% T B 52 ) B 1 [ Bk B8 0 4 s IR -1
RO A I, JETE R LA . N [ Bk AR
B < I o= = N TR R NP SRR VAT A
[#] Bk g 7 7R AN Wik /b s RO S R RS AR A
40 DX 3 ] 5k BE 0 A H S AR SRR A . X B TR B
TE WY 78 05 P o A 0, I T [ B e 0 OB AL

& %5 5 5 A A AR AL B R BUMAL . 2005
A LRI A i 3 DX 3 [ ik ) e R AL iR R A, 2005
A L 74 T S DX ] e o R A O R e

23 AFAREEMBESTUNESREERS
aEA

N T T b Ay B B B AR IR S R R
AR & H5zm, DL Pearson #H 5¢ & 043 7l 43 A B 7
HESSWAESRAMRS MM, 9 L.
L R R S K DUES KRR RS
FHOGHME, IR A = AT AN [ 3T 4 B 2 b 78 5 T
FOABRGEMES N E R, RIGEEITE
HhRE Wl B AR S R ARSI SR A R
231 IS KE

AR W 5 A IR IR i ) PR OK B 2 AR A
£ (P<0.001) IEAHIC, H AR b i A o0 14 5
TR R AR ( 3). M InVEST #AL 7= /K & i A
ZHORE, BAKEEWMMKEMNEEREK, X5
5 PR L5 BT . WK R S R R
w5, AR R K B S R 4 A A 5 P R
RAGE I . A EI A U, KR AR, KB

http://cykx.1zu.edu.cn



M I S A A R g5 Tl e AR AL 33

Table 3 FVC and water yield correlation coefficient fractional
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Figure 4 Spatial distribution of carbon sequestration

x3 EHERESESTKERXRY

Ay A i i T
Year Basin Upper Middle Lower
2000 027817 02596 00043 00636
2005 026237 02163 -0.0057  0.0226
2010 02850° 02725  —0.0045  0.0100
2015 017557 01078 00461  0.0074

#ORIEIT o =0.001 BE MK TAEL; *RiBIT a=0.05 835K

B, HANRBL a=0.1 ZFEHAKTHEE. FHE.

** For passing a = 0.001 significance level Test; * For passing the o =

0.05 significance level test, the rest as pass over a = 0.1 significant level

test;

similarly for the following tables.

5BV FETE X IR IR B8 (1 A SZ VG A s AT 2T i
H oK BB AR D, 2o R R AR, K
S A 2 T AT T U b R B 5 7R K R IR A O
A . MREBIR S M EERE, KB UR
(£ 0] FH 6o A A 4 B Sy
232 RS LR

B A B SRR AR B S R i A
fERE (P<0.001) IEFHX, £ FHAFERE @<
0.001) fiAH % (% 4). 7 InVEST 3 {5 5 15 e A
S0, BRKRM . R B K
TAE—E N A AR E, X TR L
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Table 4 FVC and SDR correlation coefficient fractional

E AR Bl i T iE
Year Basin Upper Middle Lower
2000 03789 02060  0.0483"  —0.1340"
2005 03475 02106 0.1005  —0.1099"
2010 03516 02451 0.0996  —0.1148"
2015 03446 016417 00719 -0.1144"

R R, Rt E SR TFMEEEHE T
5% NEFES T, M5 w38 1) 1 g IR K
AR B, R E R R B, R
R P R S T e - Ol 2 R A
A5 OR R S A0 F R I, IR 38 U P S RTRE A R A
BaH T E SR FILFE R, Fk b
R AR X MO 2 R T T R R R
FAEWRIE R, PR S LR R L
By SN IR R R AR B A R, A
SEEHEN T EERE AR, AR R
UiE, FHLZE &S LRGSR, Fh g
MA, &8 EBCRME, FikimRE ¥+ %
NE T &
2.3.3  ECHURE A S [E BR R 55

b 78 5 S R 25 2 TR BR 2000 4 ) HOE AR
HREN RIS AFAE R (P<0.001) IEAHKKR,
HAHX RE0E /T HEE &5 K EM R R
(F5). U 55 (0 TH 5 Bk AR 55 1 T B 8
FI 2 NDVI #8550 Hh 78 35 55 [ B IR 55 2 18] 47 7 4t
e, BRUL, Ao ST I 3 R B R R 5% )

=5 EMEWBEEESERRSEXRY

Table 5 FVC and carbon sequestration correlation
coefficient fractional
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