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Impact of landscape pattern on ecosystem service trade-offs in the Loess Plateau

of Northern Shaanxi
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Abstract: Revealing the mechanism of landscape pattern on ecosystem service trade-offs is of great significance for the
sustainable management of multiple ecosystem services. The Loess Plateau of Northern Shaanxi is arid with little rainfall
low vegetation cover, fragile ecological environment, and serious water and soil loss. Since the Green for Grain Project, the
land use pattern and structure have changed significantly, while prompting changes in ecosystem services, which provides
conditions for exploring the relationship between landscape pattern and ecosystem service interactions. Based on the
evaluation of the temporal and spatial patterns of 5 ecosystem services in the Loess Plateau of Northern Shaanxi from 2000 to
2020, including grain provision, water conservation, soil conservation, habitat quality and landscape aesthetics, the
correlation coefficient and root mean square error were used to measure the trade-off intensity. The difference in the impacts
of landscape composition and landscape configuration on the ecosystem service trade-offs were quantified by the R-index
model and variation partitioning method. The results showed that: 1) from 2000 to 2020, 5 ecosystem services in the Loess

Plateau of Northern Shaanxi showed an overall upward trend, with grain provision higher in the north and lower in the
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south, water conservation, soil conservation, habitat quality and landscape aesthetics higher in the south and lower in the
north. 2) The interrelationships among the five ecosystem services were mainly expressed as an overall decreasing trend in
the intensity of synergy between water conservation, soil conservation, habitat quality and landscape aesthetics, and an
increasing trend in the intensity of trade-offs between grain provision and water conservation, soil conservation, habitat
quality and landscape aesthetics. 3) Grain provision-water conservation, grain provision-soil conservation, grain provision-
habitat quality, and grain provision-landscape aesthetics were significantly more influenced by the landscape composition
indices than the landscape configuration indices, with a strong positive influence of patch richness and a strong negative
influence of patch area and percentage of landscape. 4) The individual contribution of landscape composition to each trade-
off was higher than that of landscape configuration, in most cases, trade-off intensity was dominated by the joint action of
composition and configuration. Among them, the landscape indices explained the grain provision-habitat quality to the
greatest extent and the grain provision-water conservation to the least extent. From the perspective of landscape management
the study provides a scientific basis for optimizing the trade-offs between ecosystem services and enhancing the potential

supply capacity of ecosystem services on the Loess Plateau of Northern Shaanxi.

Key Words: landscape index; ecosystem service; R-index; the Loess Plateau of Northern Shaanxi
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Table 1 Assessing indexes of landscape aesthetics
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Table 3 Correlation of ecosystem services from 2000 to 2020
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2020 0.547 " 0.458 "
AT 2000 0.441**
Habitat quality 2010 0.534**
2020 0.623""

* ok PRIFRIRAE 0.05.,0.01 7KF- (VU | 5 ZEAH G BEARC R 296 4

3.2.2 HERRGRS AU X RS A

R 2020 4, PR IR LSS S AR R OKIRTAFR oM 362 | RIRIRERAE 4 RIS S BRI G R, A
SCR S RMSE 88— D8 s HAE 2 6] A By 22 5% (181 3) 4 AU OC 22 7E 2000—2020 4F[8] RMSE $5 450
Ry L Th s

mE 3 s A LA —KIE SR RMSE $8 80 AR IR E (<0.2) , AXS {8 (0.2—0.3) & & F R34
T b B X, R e 2R, S5 AR 2 AT BT IX P G X O i 4 B K B T AR s (E X
T FR A 25 75K (RIS 35 R S e XK £ R 205 B ARG AP R 1, 55 /K TR 5 e i st BT AR B AR s S5 7K 5 T
Fr WA R B St rh AL I | e e 5 R

A — {4519 RMSE F8 50 AR A% (0.1—0.3) , Bl (0.4—0.5) FETh 401 TR X A, H A7

http ; //www.ecologica.cn



8966 JAE = 43 %

H & B R S ERACORANA . A5 1R 2 AT BIEAE X AR G AR B R4 i TR R S R AR Y TR
AT L R T o 0 R R 8 P AT X 7K S F T o S A A A U 55

AR —E 55 i 1 RMSE 850 R4 5 (0.2—0.4) |, mifH (0.4—0.5) 4P THFSE X P g AR R 3, 42
SRALE, A5G 2 ATAL BT X A B R AT T, RO A DX S R T R S T AR A
() Tt HA SRR A /R TR

A —5U 51 RMSE 850t #8015 (0.1—0.2) Ba#B I e (0.2—0.4) , H EF#8 & B A At ik
MEE, EEX (0.3—0.4) FZAEPAEDFIEIX VG pE 0, RAOmAAT . 456 2 nl 0, BFSE Xl AR AL A g
B LS 2 2 T, 3 O I DX 3 A A A O B

AR IRA TR R - IR OREE M- A BT A AR

Ak

¥
-
o
£ mﬁ
l\
# 4 “ A
“ L 2
‘l
& < A
S N ¢ »
: ¥
y O 100 km ’

RMSE#%c M o—o1 M o102 [ Jo2-03 [ 0304 [ 0405

B3 2000—2020 F£#H XX RMSE 5 =57
Fig.3 Spatial and temporal distribution of RMSE indices from 2000 to 2020

3.3 Bldbit i ISR R X AR S R G R 55 AU ¢ 28 1 S i)
3.3.1  Pedb s 4 R S AR B 2 o AR
B b ¥ A i R LR B B 25 oA an E 4 T s o N4 BT LA 2000—2020 4 BE S i AL RTE R 38 L

http ; //www.ecologica.cn



21 4] s A PR i JRUR AR R 0 A 25 R GUNR 55 B O R A5 IR 8967

20004

20104

20204

BRI ARF .
BEkEABUkM BTG LE%  MHIE % EHES% KBS % EHark% B4 /% BEBER

== >11000 - > 74 == > 80 - >78 = >60 - > 69 - >77 ->32
= 8600—11000 mm 55—74 m 58—80 m 62—278 m 20—60 m 44—69 m 58—77 m2.6—-32
3 6200—8600 =341—55 =1 38—58 1 48—62 = 10—20 £126—44 =3 40—58 2126
3 3800—6200 126—41 = 21—38 1 33—48 = 5—10 = 12—26 = 23—40 01621
= 1400—3800 mm 11—26 m 721 1533 m0—5 m3—12 m 723 m 1.0—1.6
== 0—1400 = 0—11 . 0—27 = 0—15 =0 - 0—3 - 0—7 = 0—1.0

20004F

S444
A4
f444

peaaiibil] KA i B 5
TERIREL PEMETE N % BRMETEM/ %  GHEEM Y% KSR EE% B % FH5/%

20104¢

20204¢

al ol o,

= > 186 - > 69 - > 67 - > 68 - > 68 - > 61 - > 61 - > 71
mm 146—186 m 54—69 m 52—67 m 53—68 m 53—68 m 43—61 m 44—61 m 56—71
=1 112—146 £ 39—54 13652 1 38—53 13753 £129—43 £329—44 =1 40—56
= 75—112 312439 32036 32438 32037 = 1729 = 16—29 32440
m 3575 m9—24 m 6—20 m9—24 m 5—20 m 5—17 m 5—16 m 8—24
. 135 - 0—9 - 0—6 - 0—9 . 0—5 - 0—>5 - 0—>5 = 0—S8

4 2000—2020 E£HR X =MIEHE =0
Fig.4 Spatial and temporal distribution of landscape indices from 2000 to 2020
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