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Spatial-temporal evolution pattern and response of ecosystem service value under
land use change in the Yellow River Basin: A case study of Shaanxi-Gansu-
Ningxia region, Northwest China
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450001, China; “State Key Laboratory of Soil Erosion and Dryland Farming on Loess Plateau, Institute of Soil and Water Conservation, Northwest
A&F University, Yangling 712100, Shaanxi, China)

Abstract The Shaanxi-Gansu-Ningxia region is located in the upper and middle reaches of the Yellow River Basin in the
Northwestern China, which is vulnerable ecosystem. It plays an important role to define the regional pattern of ecological
security. The ecological and economic issues in this region deserve attention and investigation. This study integrated land use
data and the socio-economic data from 1995 to 2020, and used spatial analysis and geodetector to investigate the spatial -
temporal variation of land use and ecosystem service value (ESV) and the driving forces of spatial difference of ESV in the
region. The results showed that the cultivated land and unused land in the study area had been decreasing, whereas the
construction land and forest land increased from 1995 to 2020. The overall ESV in the region showed a “decrease-increase”
trend, which decreased by 1.2% from 1995 to 2000, and increased by 1.0% from 2000 to 2020. Grassland provided the largest
ESV, contributing a prominent regulation function and service. The results of geodetector indicated that NDVI was the
dominant factor for the spatial difference, while temperature and farmers' per capita net income were the important
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influencing factors. There were mainly 32 types of the index of driving forces with the spatial difference of ESV (q value)
being more than 30%. The g value of NDVI and soil type factor was nearly 46%. The ESV spatial difference in Shaanxi-
Gansu-Ningxia region was affected by the interactive enhancement among natural, socio-economic and policy factors.

Key words land use; ecosystem service value; spatial-temporal evolution; geodetector.
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Fig.1 Geographic location of the Shaanxi-Gansu-Ningxia region.
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Fig.2 Land use change in Shaanxi-Gansu-Ningxia region during 1995-2020.
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B, BRI N, EEHLE ARG D, 2000—2020 4E, BRI AR B B b, MM AR BN, b
ARG, X5 1999 fFBHFEAR . RIAMORI S S Ry TR LA, HAE—EfEE i
B MR SR, SE T ASE M. BELSZU PR A SR A i, A D BRI
B, S EUTE A A R T AR R s K

# 1 1995—2020 4FRk H T X LRI A AR {L
Table 1 Land use change in Shaanxi-Gansu-Ningxia region during 1995-2020

+ R 1995—2000 2000—2010 2010—2020 1995—2020
S
L 7‘} ARk LA A ARk LA A AL LA A AL LA A
atn use Change Dynamic Change Dynamic Change Dynamic Change Dynamic
ype proportion (%) degree (%) proportion (%) degree (%) proportion (%) degree (%) proportion (%) degree (%)
#rh
Cultivated 0.5 0.4 -0.4 -0.2 -0.8 -0.3 -0.7 -0.1
land
At 0.1 0.2 0.3 0.2 0.2 0.2 0.6 0.2
Forest land
S 0.4 0.2 0.1 00 0.1 0.0 0.1 0.0
Grassland
KK -0.1 -1.8 0.0 0.1 0.1 0.9 0.0 0.0
Water
R
Constructio 0.1 2.1 0.1 1.2 0.7 5.6 1.0 3.7
n land
A
Unused -0.3 -0.2 -0.2 -0.1 -0.3 -0.1 -0.8 -0.1
land
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Fig.3 Land use transfer in Shaanxi-Gansu-Ningxia region during 1995-2020.

1) #tHb Cultivated land; 2) #kH: Forest land; 3) ##h Grassland; 4) /K& Water; 5) # % FH Construction land; 6) 7 F Hh
Unused land.
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Table 2 Changes of ecosystem service value (ESV) of different land use types in Shaanxi-Gansu-Ningxia region

i 1 27 PEAS RS54 ESV (X 10" yuan) A5 {£.2 Change rate (%)
Land use type 1995 2000 2010 2020 1995—2000  2000—2010  2010—2020  1995—2020
Hiih
Cultivated land 29.24 29.85 29.34 28.38 21 -1.7 3.2 2.9
ity 81.36 82.01 83.93 85.26 0.8 2.3 16 48
Forest land
it 140.26 138.9 139.45 139.76 -1.0 0.4 0.2 0.4
Grassland
K 31.78 28.97 29.24 31.92 -8.8 0.9 9.2 0.5
Water
731
@w_ﬁ“ﬁ 3.27 -3.61 -4.04 6.3 105 11.7 56.1 92.6
Construction land
AT 6.45 6.38 6.33 6.29 -1.0 0.8 0.6 2.4
Unused land
o
Mt 285.82 282.50 284.26 285.33 -1.2 0.6 0.4 0.2
Total
80
60 ]
e
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S RS R SHIET O SIBET HIETR ACORY  HERN SNEATET Sheiln 258
Food  Material  Water Gas  Chamte Environment Hydrological Soil Nutent  Biodiversity Landscape
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B4 Bt T X RS RS RS ME(ESV)
Fig.4 Individual ecosystem service value (ESV) in Shaanxi-Gansu-Ningxia region.
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Table 3 Changes of different ecosystem service values (ESV) in Shaanxi-Gansu-Ningxia region in 1995-2020

LR RGIRS SRS B ESV (X 101yuan) 54k % Change rate (%)
Ecosystem service 1995 2000 2010 2020 1995—2000 2000—2010 2010—2020  1995—2020
B 10.56 10.66 10.58 1041 0.9 -0.7 -1.6 -1.4
Food supply
SR 9.33 9.36 9.38 9.34 0.3 0.3 -0.4 0.2

Material production

KBS

4.13 3.89 3.97 4.23 -5.7 2.1 6.5 2.6
Water supply
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J= fpe S
mﬁhﬁ]n_ 27.94 27.95 28.1 28.1 0.0 0.5 0.0 0.6
Gas regulation
[ —
. RIS . 64.57 64.4 65.06 65.48 -0.3 1.0 0.7 14
Climate regulation
. @%%fﬁ.. . 22.45 22.17 22.26 21.93 -1.2 0.4 -1.5 -2.3
Environment purification
7J<_3UJ§11 . 70.74 68.11 68.42 69.08 -3.7 0.4 1.0 -2.3
Hydrological regulation
Ereg =
. AR . 34.53 34.55 34.72 34.71 0.1 0.5 -0.0 0.5
Soil conservation
YR FEAMIER
’E%%ﬁﬁﬁ.ﬂ 3.05 3.06 3.06 3.05 0.3 0.2 -0.5 0.1
Nutrient cycling
i%_—%ﬁ—"ﬁ? 26.61 26.49 26.74 26.94 -0.5 0.9 0.7 1.2
Biodiversity
o
R 11.92 11.85 11.96 12.06 -0.6 0.9 0.8 1.2
Landscape

Bl 5 BRH Tt X AR 3SR SR S5 1018 il =2 18] 40 A e A8 Ak
Fig.5 Spatial distribution and change of ecosystem service value (ESV) in Shaanxi-Gansu-Ningxia region.
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Table 4 Detection results of driving factors for spatial differentiation of ecosystem service value (ESV) in Shaanxi-Gansu-Ningxia region

BRI T

Detection factor 1995 2000 2010 2020

o%itita  p  aditie 5 qfitEa 5 aiitfg

statistic statistic statistic statistic
I Temperature 0.10 oél 0.11 oio 0.12 oio 0.07 Oél
[%7K Precipitation 0.11 Oéo 0.18 0(')0 0.11 Oio 0.11 Oio
i Elevation 0.07 050 0.11 060 0.09 00 0.07 00
Y Slope 0.11 oéo 0.14 0(')0 0.14 0(')0 0.12 oéo
JA—LAE B E Normalized difference vegetation 0.0 0.0 0.0 0.0
index (NDVI) 0.13 0 0.12 0 0.14 0 0.16 0
FHEFT Soil type 0.09 00 0.12 060 0.12 060 0.09 051
X AE 7 K48 Regional gross product 0.03 °i5 0.04 0(')3 0.05 oiz 0.08 oéo
AT Population 0.04 063 0.03 055 0.06 ot 0.07 oéo
&8 Grain yield 0.04 0.2 0.04 04 0.03 0.4 0.01 0.9
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o5 ;

LMW EET 1 Total powers of agriculture 0.06 0.1 0.14 0.0 0.09 0.0 0.10 0.0
machine 3 0 1 1

RN Farmers' per capita net income 0.18 O(')O 0.14 0(')0 0.10 0(')0 0.15 0(')0

Ak Ak A it F & Agriculture fertilizer consumption 0.08 040 0.05 Oz'll 0.05 03'1 0.08 Oéo

JAEI Financial revenue 0.06 oéo 0.05 09'1 0.04 053 0.10 040

TABC HY Financial expenditure 0.03 066 0.03 066 0.07 063 0.05 056

HE 6 fTLAEW, BR. e, BORTRAR A B G0 AR RS0 E 1) 25 8] 43 e () e
2 P R T U ER] - 18  B FN A E 2R PR o, WO it 7 XA 2 R GRS AN 25 18] 7 7 & 2 2R [R) Bk 3
Rl = A AR R, MR — e . HA, NDVI 5 -8R A8 BAE 2 i B ok,
q 1HN 0.46, fEREFLEE N 46%; A2 HFE XL 2 R G0 AR 55 8 45 18] 43 S5 10 5 0 R 55 ik ) 40% LA L 138
H NDVI 54 (qfEN 0.43) . NDVI 5RRAH 4R (q ik 0.40) . NDVI 5f/KE (q EHN
0.40) . HARFFAHRUE q [HEIRIITE 40%LL T, (HBULIHZ R 73 AES KRG RS ME 2050 7
B HE &

6 Bk o b X A 25 AR G R 55 4 2 ) 2 5 9 B B 19 52 EL A P R

Fig.6 Interactive detection results of driving factors of spatial differentiation of ecosystem service value (ESV) in Shaanxi-Gansu-Ningxia region.

TEM: S Temperature; PRE: [#%7K#& Precipitation DEM: = #% Elevation; SLOPE: 3/ Slope; NDVI: 13—k {8 # 45 %t
Normalized difference vegetation index; SOIL: 13257 Soil type; GDP: Hi[X 4: /= X {8 Regional gross product; POP: A ¥ &
Population; YIELD: fR&7/=& Grain yield; MACHINE: K HL# S5/ Total powers of agriculture machine; FARMER: & [ A #54f
i\ Farmers' per capita net income; FARM: VAL AE it I & Agriculture fertilizer consumption; INCOME: MBI\ Financial
revenue; OUTPUT: XS Hi Financial expenditure. * XUPH 73452 Double factor enhancement; ** JE£EPEHE 3% Non-linear
enhancement.

M HARMLERKE, BRERAMLEAFEM KT HRERSEFBORER Z WX k=%
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KIAESWE . RN, A2 R G0 55 O (8 10 2 18] 00 A 22 57t o R D9 52 31 9 3 8 3R X 3l it — 25 i i ik
59. #BARHET 525 HE T AU 317 LR RN AR R . NSOaEd R, T
NESEHURBOAR T BOS AR A S RGUHEAT M2, SRmARPLACR, AR RS M, 70T 8eEu 7t X
A,

3 & ®

=A

EASZERPE ST, DEE X AR %, T 1995, 2000. 2010. 2020 4F )14
FIH AL, BT AED RGERS I EEMEER, 4 1995—2020 F4AS RGMS M EN =9 75 M
LRom Rl &R . FELERWT: 1) 1995—2020 4, WF7RX#kh. KA b B, @,
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JE . Bt T X AR R GRS DIRE T, T AR 55 A0 SR AR 55 1O DT OK T4 R S5 NS IR 55 . W
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