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—Taking Long County of Shaanxi Province as an Example.
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Abstract: [ Objective] The aims of this study is to explore the spatiotemporal differentiation characteristics
and comprehensive management points of multiple ecosystem services within county units in ecologically
fragile areas, which is of great significance to maintaining regional ecological security and implementing the
ecological civilization strategy. [ Methods] Long County, Shaanxi Province was taken as an example. The
quality values of five key ecosystem services in 2000, 2010, and 2020 were systematically evaluated. High-
value service supply areas, pairwise trade-off relationships, and changing trends were identified. The OWA

method was applied to identify the optimal management scenario to provide improvement suggestions.
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[Results] (1) From 2000 to 2020, multiple services showed an overall upward trend. (2) High-value
clustering areas of habitat quality were incompatible with the existing protected areas. The areas with high
values of soil conservation and water conservation mainly distributed in the areas with high forest and grass
coverage in the north and south. (3) The trade-off spatial expansion of ecological leisure and food supply
services was more obvious in Southeast Town, Wenshui Town, and Tiancheng Town. The synergies
between water conservation and habitat quality in the southwest exhibited an expanding trend. (4) Among
the simulated scenarios, Scenario 9, capable of responding to the demand for managing high-value supply
areas and trade-off synergies, is chosen as the optimal management model. Within this model, the highest
management priority ‘ Critical Protection and Restoration Zones’ covers 13.9% of the county’s area.
[ Conclusion ] Management of ecosystem services in ecologically fragile areas at the county level should focus
not only on protecting high-value service supply areas but also on addressing the exacerbated local service
trade-offs and the diminished synergies. Timely adjustments in regional development orientations and the
exploration of comprehensive sustainable management models are imperative.

Keywords: ecosystem services; ecologically fragile areas; county area; ecological management; multi-scenario
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Fig. 1 Geographical location and development

positioning of each town

1.2 HERRES4E

(1) 2000 4, 2010 4, 2020 4 B H £ 1 A1 %L
P B KL DEM B0 A7 B X R0 ECE L U3 — 10 B 45 4K
BE ok U5 T [ RL A B BEUR 5 OPR B R 2 B oo
(http: // /www.resdc.cn/) . Hrf A M ) R 48
T AR R OIF A A R R OB AT R AR AE OE .
(2) 3Bk U5 T A 3R 7 (HSWD verl.2)
(3) AGEIRIFETPIIE EB TR M., (D 4l

MOl B Ol AR G LN 1 Rt 2 28 5 Bl Sk R T
(B B GETH4F % 20002020 ), AH & BRI 3C 4 9% B ok
BFHEEAKRTERS. (5 MEIESENSE %S
R WEE L A A% B0 78 AreGIS 10.7 8/ 2 H5F
HEAT 25 [ A BT 48 —h 30 m =5 [H) 73 32,

1.3 AEBFRGERFEMFZE

L3.1 A&RGMFEH MK CHESREMR
55 24 780 1y AR 3R b B VR B, LA O 1 LA SEUE B
G A BF ST AR A (B PY 45 Bl L 3T A R R Rl
(2013—2030) ) BlzEL [ 4 2 [a] S AR (2021—2035) HE
E /NN UL R SR K o e PN NS S R R/
T FE L A5 &R A 1R U W i 45 (Food supply.
FS) A SR IF (Ecological recreation, ER) /K i 1 37
(Water conservation, WC) , 4= 3% Jii &t Chabitat quali-
ty, HQ) . + 3 & 5 (Soil conservation, SC) 5 Fi il 45
1R B B s A B R G MR 55 25,

1.3.2 B2RASZAMRSFHEH A L InVEST
AR A 5% i (Habitat quality) 247 A 55 B i 8 4%
TR LTEKE (Water Yield) 73185 W FH HiJE 45 %,
- BRI R KRR U B R BUIE E AR A5 K R R R
B2 5 4 R 50l ] RUSLE R 17 34l 5 72 9 it
R AR B B 2 ou A il R 4 AR AR . 255 T A AT L)
AN T] A 2 1) ] 26 A LA T AR B B A 7 LA R
fiE, IE % B AL 2 L PR B E TR I (R D

x1 ESREREZF/HFE

Table 1 Methods for ecosystem service assessment

EERERS AR R
SC #m LR AFE L/ (hm? » 2))5SE, FR WA M LR bl (/
SE, =R XK XLS (D (hm® » 2));SE A SEFRM LR M A ¢/ (hm® )R N R
THRE SE,=RXKXLSXCXP (@) HEFM » mm/ (hm? » he a))s K fHEa il el 7o b/
SC=SE, —SE, (3) (MJ» mm)J;LS,C.P 45 MG I F R0 S B L 0

Retention=min (1 s

KRS Velccity

2

D%,
EREE Q,=H., X(—( )

D, K
NDVI
45 _ i
ROBE  Gm G
AN ER=Y (NPP, +POP, +ROAD, )

249 ) Xmin(1,0'9><3TWI) ><min(1

PRGN

“)XY Retention 4K Vi 32 i Cmm) s TWI 4 3090 60 0 46 80 K b £ 8

MRS AKR (em/d) , Velocity Wi H ZEGY WA= K & (mm)

Q. LA LR R MR B RS s D, RSB,
(5) ARSI TS (0 R SR AREE ; H .y A B i
R A A S R 5 KPR A

G N T AR T A A A 7= 18 b 7= 5 % 0l 7= i O
6/ (hm? * 2))5G g A B 00 M B PR (5 B O B R
(Ji76) ;NDVL 855 ¢ M ) NDVINDVIL, 5 958 X 8
M R NDVI Z F

ER /R A B IKIR T 8E  NPP, R 80 44 7= 1 POP, FR A1

(7
B2 ROAD, 2 B 8 i (9 B 3 (.

1.3.3 AXAZAAMESH ST 4 LIRS E B
R E B AT EE 300 m X 300 m BOAE LK 2000 4F

2010 4F,2020 4F = AR A4 35 R LR 55 1P Al 45 SR K
HEAT 23 X GE T —fEL £ O A A R A S O I T



45 TG A X B AR S R G 55 4 A A A DX B B Ak —— DA Bl B B 347
ARG M 9 MEAN (G AR i B8 A% BRI IR A 25 R G0 IR 55 Bt 5w, O S, M AP AL

PE(E . B ArcGIS & H 1 Getis-Ord G, Siit48
B 5 7081 T B (hotspot analysis) , 38 B WX 2 &
ZIE) Z AEA p . DL A 25 R G MR 55 i =
B2 TR IX (R XD 5 I 4 3 X (98 50 X 30 19 43 A
L Hoh Z AR 2 58 p IR, Z (H
e L p B/ L U0 B A XA A R L 7 (H
FE/NEL p B /I 15 v A DX Ik iy 4 OB T
HHEAXT .
i; W *i‘gw,‘j
G =( = — )

niw,‘j27(§:w;j)2 ixj o
j=1 j=1 ( j=1 7X2)
n—1 n—1

(8

n
E.Tj
1

X="1 (9

n

Kex, WEER ) WEHMHE:w,;, N 57 ZEHZHE
FUE AR sn NS BEREG X B A HIbAS 20 25 2R 4 i
R G R Z R
1.3.4 AXZREMEABRE I LEEREREN
553 B Al AN RN AR A S RS R S LEREM
v Aol P ) 4G 25 AR AR B0 . BFSEAE A SPSS 22.0 #X
PEXXT 2000, 2010 4F K 2020 4F A4 45 R SR 55 4T
Pearson #3407 24 R Bk BN TR A8 R 4R
55 KA BUST R BN BB R R A 2 R G IR 55 R A
PrE] . T GeoDa B X 25 A 28 R Gt Mk 55 A ) &1 3k
A7 XA 1 JRy HB 5 2% 35 U (Bivariate Local Moran's I)
BB DLSE AN B[R] OC FR 25 A 63K, 45 R ey
ERMIMERN I FECR S IRER MRS LR
R 2 DL AN B M R
1.4 ETOWARZEESRGREERER

BT INAFE ) (Ordered Weighted Averaging,
OWA) J& 22 J P D 5 10 BT D L5 GIS oF
A TR e 5 7R 0 M 95 00 B A 4 0
HHTHET 75 SRS [R5 PR SR O i ORURSD T DA 1 )2
AN TR 8 U PP ACER , 7 (8 DR SR X LU AN [) 15 S 255 B 4R
TR R 2SS AL AT

()WA<fij>:iiluvis,j (wie[o,l];iwi:h
i=1,2,3,sn3;7=1,2,3,++,m) (10

R, 8 57 4 R S R IR 5 WA T2 S, 2
RAERRGER S S« ANEIES j DACE B KD
TR P HED G A5 B 0T R T 51 FSE L 2020 4FEAE
BRGNS K2 MG I BHE AT dE

H TR AMTIE SRR A 7 Uk A TSR A
u’;:QRIM(LinR]M(iilj (1.:192737'"971)
n n

(11)
Qum (D =r" € (0,00) (12)
i HOLFEGr 8 A AR e g RAE PR i 41 19
TR REG KT 0 EARFELENAE 2 o IC(E 8K U] £
J A UL 1] 43 T 45 A B i (B 2 v A ) 1R )2 L B
JAS AL 25 w55 1 Al 55 S R AR AR o8 2 AR, 2 — R R Ry
CORSET BRI L o = 140 TG I A 2R AT R TR A=
BRGMS NLEAER o« >1 1, R B R EREN
177 )2 3 A% T 2B, B ek 35 45 T (8 AR 1 R
55 W 2 G 2 — P 1] 0 55 A iR g5 i AT AR Bk
B2 T WM,

H T AE o S5 (E DX R) L AT LA A TG BOR i 41 5
9T E SR 7 Bl 471 5t (@ =0.000 1,0.1,0.5,1,
2,10,10 000) FEATHBALIRIE B H 25 G Ay 18 5t 5 3
SRS R GRS B 2 R AR SR AT X A R T 4i 1k
M) o H(E DX JE) 34 LR A7 s A2 3 ARASEAUL

2 ERE5SMH

2.1 2000—2020 FEBFRERSENTHER S

X i 5

2000—2020 4F, B 2 HL 505 FhOCHE A S R 40 Ik
SRR B (E 2), Hoh R
i 2000 4E Y 184.59 t/Chm?® « a) B4 M5 2020 4F Y
296.52 t/(hm” « &) 3G Ry 10 2. Hom (H XU
HFE LR T LU K VY R S Bl L 1l DX e T T A
AR D DA B O L 7 3 X 4 R R A IE L
TSI KRR SR (A R 2000 4EAY 119 mm 1
I 194 mm, JEFETR A0S E 5 B A R B BB
IR SRR 55 AR DX, P A O B 22 b BB IR /K B IR
DX 3K R 7 Al 5 S AR b R 35 AR 15 T o 7E 20 48 (1] 43
A a5 TC I AR Ak, AR B BT AR Y X R AR T A
VPO R Y G T L b X, AR R S 1 AL L )
ol =F B VR 5 A2 IR IR 5 e, e B X 8 % v
eI AR B i MR RCA ., BBt S
{IER RS o - o 1 N R S S5 58 = W R D S i 2]
TR X, AR AR IR IR 55 1 e X T T K )
A, Hozs [ Ak 5 20 45 ) 32 20 USE X | 328 38 1 il 11 4
BT BB AR OC , BN XA A DL AL 3,
22 EBREREONE MEXRRTUIFE

e H 5 Fh 0¢84 28 &R 48 Ik 55 7E 2000 4. 2010
4£.2020 4F 3 MEMILE B 15 MAHSCOCR B 4




348 S ol T S 1

o531 %

AR ARG R RMEA G2 L (p<<0.05), Bk
EF L ASKR YO IR S A 3 Bk 55 5 B
BRUER AR ASIRN S B YIS 2 ] — BT A AL
KA EBENS 2 AT . A SRR S AR Z [ A
KRR W45 15 A 5 R K IR 7 DL M+
DRAE 2 (B 17 A A 56 2R L S 0 ) 345 2R B8 oo LK
TR — 3 1 5 RS IR 55 22 B ) 56 R . HL 2 i
SR » DT 50 P L S A T 1Y A 2 A R I IR T —

& BE +% B ® & B +% BF ®

& BRE +% B"m R

R,z ] AR R R K B R SBR[ Tk
Wl RS2 2010 4R R TRVK B S A M KB & 9
A 25 R R4 AU A 22 [ R 1A 3 5 2 i ) AR
7 2 B ELRI F AR A — s I s 22 P R O A Y IR
55 H L AR IR A A 85 T3 1) bR ) S 1) A P g A LR
K ORISR 5 DR 10 T3 [+ 25 18] £ 505 4
B R AR LR A T (I 5) 0 2% B A B A0 A 2
RGN G5 TR AU G R BB IR 2,

" Y 0 10 20 30 40 50km
L1101

[ T 1T

& Bk +% 8" ® & BIE +% B8R ®

I ER KRB SC KRR LA HQ FR BBt WCRRKBEMRSE; FSRRayitsn. TR,
2 2000—2020 EREBE SHETRERSZZESH
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Fig. 4 Spearman’s correlation coefficients among ecosystem services and its changing trend from 2000 to 2020
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Table 3 Ordered weights of various ecosystem service

indicators under different scenarios

Je 5 A o
1 5% w W, w, W, W, W
FHa
1 0.0001 1.000 0.000  0.000  0.000  0.000
2 0.1 0.851  0.061  0.038  0.028  0.022
3 0.5 0.447 0185  0.142  0.120  0.106
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Fig. 6 Proportion of area in each scenario
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