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Establishment of ecological security patterns based on ecosystem services value
reconstruction in an arid inland basin: A case study of the Ganzhou District,

Zhangye City, Gansu Province

WANG Yun, PAN Jinghu”
College of Geography and Environmental Science of Northwest Normal University, Lanzhou 730070, China

Abstract: With increasing populations and acceleration of urbanization, there is increasing worldwide concern about the
importance of ecological security. Ecological security is premised on ecosystem services provided by ecosystems to humans.
The construction of ecological security patterns is an effective measure to maintain normal ecosystem function and safeguard
ecological security. Ganzhou District is located in an arid inland basin and the ecological security is a prominent problem.
The traditional approach to construct the ecological security pattern can be divided into three steps: determining ecological
security sources, building ecological resistance surface, and identifying key ecological corridors. The first step of
determining ecological security sources is accurately identifying the ecosystem service value ( ESV). Presently, most local
studies have used the ESV unit area of Chinese terrestrial ecosystems to estimate the ESV. However, ecological systems are

dynamic rather than static. Therefore, this cannot reflect the differences between kinds of ecosystem services, change rate of
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ESV, or degree of spatial agglomeration. However, to effectively protect the fast decreasing service, the influence of the
spatial agglomeration of ecosystem services on the recognition of ecological sources by affecting their functions should be
considered. Hence, a static ESV was reconstructed by changing the ESV rate to measure the priority of protected ecosystem
services and using the key ecosystem service indicators to quantify the degree of spatial aggregation. Using the ESV unit area
method for Chinese terrestrial ecosystems, the static ESV in the Ganzhou District in 2000, 2005, and 2010 was calculated.
Taking into account the changing rate of ESV and degree of spatial agglomeration influence on their functioning, the priority
and spatial richness indexes were used to reconstruct the ESV in 2010. Using the spatial distribution of the reconstructed
ESV for ecological source identification, the area with high value ecosystem services was selected as the source of high,
medium, and low security levels. Then, ecological corridors could be identified according to the minimum cumulative
resistance (MCR) model. Ecological corridors convey the transfer of ecological flow, ecological processes, and ecological
functions in a region. Ecological corridors connect scattered ecological sources to constitute an ecological safety net.
Therefore, ecological security patterns of different levels can be constructed. The results showed that (1) the total static
ESV increased annually during 2000~ 2010, among which the values of soil formation and protection and waste treatment
were the largest. In addition, there were no obvious differences among the changing rate of ESV; (2) the reconstructed ESV
in 2000, 2005, and 2010 ranged from 1438.21 to 390993 yuan hm™, whereas most regions were dominated by low and
middle values; (3) the area of low, middle, and high levels of ecological source were 155.75, 191.25, and 224.50 km’,
respectively. With the improvement of the ecological security level, the degree of integration of ecological sources has
gradually increased, and the resistance and resilience against ecological stress have increased. Ecological security patterns
could be used as a planning strategy based on the present situation of ecosystem services. They provide an important basis

for urban environments to build an environment-friendly society.
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Table 1 Key ecosystem services indicators and their quantification in the Ganzhou District
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Table 2 Ecosystem service value (ESV) coefficients per unit area of different land—use and land—cover change types in the Ganzhou District in

2010 /(yuan hm™2)

A A Bl Bt Mt bie TR AHI
Land use type Grassland Cultivated Land Woodland Water area Swamp Unutilized land
X 7 A 25 R G R X} bl AR PIXEN i) Fei
Corresponding ecosystem types Grassland Farmland Forest Water body Wetland Desert
KT Water conservation 1244.12 933.09 4976.48 31693.96 24104.83 46.65
AL PR Waste treatment 2037.25 2550.45 2037.25 28272.63 28272.63 15.55
S AR Gas regulation 1244.12 777.58 5443.03 0.00 2799.27 0.00
B AT Climate regulation 1399.64 1384.08 4198.91 715.37 26593.07 0.00
eIV i
j:‘z%ﬁ/ﬁi 51%% . 3032.54 2270.52 6065.09 15.55 2659.31 31.10
Soil formation and erosion control
ﬁi%gﬁl‘i1i})h . 1695.11 1104.16 5069.79 3872.32 3887.88 528.75
Biodiversity conservation
HEA ™ Grain production 466.55 1555.15 155.52 155.52 466.55 15.55
J5A4FL Raw material 71.76 155.52 4043.39 15.55 108.86 0.00
PR IR SCAE Entertainment culture 62.21 15.55 1990.59 6749.35 8631.08 15.55
§ 97
= st
s 7
X 6
g 3 o
2 :
m 1 = I
s 0 - — - . P 3 I . I
ST | IR | LR | BB Ak | FATR | BURSUE
SR | R
[£] 2000 1.22 2.05 1.02 1.31 241 1.46 0.74 0.20 0.13
2005 2.35 3.93 1.95 2.50 4.61 2778 142 0.38 0.26
H 2010 424 7.07 3.50 448 8.26 4.97 2.55 0.68 0.47

B AR R SRS Single ecosystem service

B2 2000,2005.2010 £ H M X ETESRERSNE
Fig.2 Ecosystem service values (ESVs) in the Ganzhou District in 2000,2005 and 2010
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Table 3 Results of sensitive coefficient

Ak Hiih & SN T3 FEi
Forest Grassland Farmland Water body Wetland Desert
HPE ZEU Coefficient of sensitivity 0.09 0.53 0.34 0.03 0.02 0.01
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Fig.3 Change rate and amount of ecosystem service values ( ESVs) in the Ganzhou District in 2000,2005 and 2010

3.1.2 ESMERMGE AR

A 25 R G R SS  (EL A8 Ak 5 - iR FE AN 7 e 8 Ak B B AR SR AR S R 0 MR 55 (B4 IR A = b R
FARVFNE S R GRS (B4 5 1 b ) 2 AUAE B et 25 5 i S 1 A A8k . AR SCRE 2000—2010 4FE H M
DX A b I SRS A M (3R 4) |, 2T = R 2R AR A H M XA 2 R G R 55 I (S S 52 )

MH M X 2000—2010 4F 4 i F FH TR A SRR, BFST DX 4 MR P % A% S T AR R 4480.93 hm?, (5 1
MDA 1%, DA 2000 4F-4% -+ H R TG A DU K T, i S 38 ()2 R R B R 7 1, 6% 1 2283 hm?,
Hi 56 AL BT R 50.9% , Hoh 1091.93 hm*F588 A #kHh | 5122 1 M2 A BFE H ARTY) 48.7% ,564.43 hm* 55 hy L
Hh,411.60 hm* 5% R 5 FHHL, 4051 A% AR TR 25% 18% , HUOE#kE , 255 1143.09 hm?, Horp
83.4% i N A M . B RS AR 22,y 892.34 hm?, Hirf 90.4% 55 HfHb ., AR K U MY T AR AR
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A AR 122,40 40.1 hm®, ML JREELF- TR . R A 2010 4R 4 MR FH R BV BOR & L LA
2028.28 hm* %5 Akl , 5 24AEHE LB T FLAY 2% , Hih 54% % A AR F b, 40% 3K [ B 5341 1378.24 hm® #%
S M, o AR A TR A 9% , Hih 699% % A #F i, 30% K H AR M i 626.55 hm® 5% Ry H
Ho s MRHL KIS R R IR AR D

x4 HIMHE 2000—2010 £+ b5 A EFEERS

Table 4 Land-use and land-cover change transfer area in the Ganzhou District from 2000 to 2010

2010 4
W omw DR KM ORRIRG RN, it
Woodland  Grassland Cultivated Water Unutilized  Construction Swamp Total
land area land land

2000 4E ks Woodland 9226.58 0 116.73 0 1.27 4.40 0 9348.98
EiHh Grassland 23.27  168505.00 806.71 10.48 42.63 9.24 0 169397.34
b Cultivated Land 8.26 59.45  109407.00 50.72 53.51 952.99 18.16  110550.09
JKIk Water area 0 2.67 12.91 1228.74 2272 0 1.80 1268.84
KA Unutilized land 81.94 564.43 1091.93 133.10  61238.60 411.60 0 63521.60
U HL Construction land 0 0 0 0 0 13860.20 0 13860.20
VA% Swamp 0 0 0 0 0 0 605.84 605.84
A3t Total 9340.05 169131.55 111435.28 1423.04 6135872  15238.44 625.80  368552.89

ARG LA 234, 2000—2010 4F ] H- 4 X - 3t e B2 A5/ | 3o -5 224 3t ST 7™ A 47 o s P st v AR DR B 3t
5 G BT RARA MBI BCRA O . ol T AR SRS O (A e ) L 3t R S TR (it BF st it ) PRI 85
o AR Y SRR N HH XA S R GRS (B P BT H 2R R PR
32 ABRGMRS SIS EEY
321 HEBRGMSILIEE

FH XA 25 AR G 55 D Se A O T3 45 R (36 5) mI R, DL Se 48 Bume i IR B AR S A, HEAR S AR S R 48
e 55 AL R A 22BN #4915 0.98—1.01 Z[H]

x5 HMNRESRGRSMEREY

Table 5 Ecosystem services priority index in the Ganzhou District

THOEIK
Sk AEYER

KSR AR ST R A ERRE BRSO

S ,l J 14y M2 N
Water Waste Gas Climate . 01_ @{X}F Food Raw Recreation T

. . formation  Biological . Average

conservation treatment  regulation control . R supply materials and culture
and erosion  diversity
control
ARfl 3%
e 24.75 24.49 24.31 24.20 24.27 24.04 24.46 24.00 26.15 24.52
Change rate /%
e

PEset 1.01 1.00 0.99 0.99 0.99 0.98 1.00 0.98 1.07 1.00

Priority index

322 ABRGRSMEEN

Mz RN I B AR 25 R SR 55 I (B0 A (18 4) SR H M X A= 2 R GUAR 55 M ELEE O 1438.21—390993 J5/
hm? AR 55 B 5 s B 3t DX TR ARSI . A 25 R GE IR S5-I (AL B0 25 18 20 A SR A e A (i IX. 3 24 v e SR 1
UL AT M DR DX A RO K Y5 DX 55 DX, 3 6 3t XK B IR 0 = T, TR ) BE /I A 23 B P A
i 5 PR DM A e LI 2 AR I AR X /N & WD IR WK & YT RLAE S 40, 2R P E N3
R aR U X I A SR SR A0, T 3ERC TR Al ik (E i T 285 i R i, iR HDHEL A . iR Ak |
K BEPEAEAN R SR A A 25 TRl 5 HEH DX LU & e 22 BHIMERNA 7 b S Y 22 T34 AR DX, R 23 DX I8
Z N BESENE , 2 TR AR
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0.54

390993

1438.21

0 10km

| —

E4 2010 FHMRESREBRES RN EZE S E
Fig.4 Spatial distribution of ecosystem services and their values in the Ganzhou District, 2010
a. YK P HL a. Water source conservation areas; b. 4 F-3442 3 & b. Simulations of the mean annual river runoff; c.ZE& Bififi i c. Carbon storage ;
d. H3ELRHETT d. Soil erosion control;e. A 3Eii i e. Habitat quality; f. 138G HLBT % & f. Soil organic matter content; g SRR FL LB g. Forest
area proportions ; h.Jig i SCAE H 032 h. Classification of recreational dreds,lﬂ&%mﬁg i. Ecosystem service values/ ( yuan hm’z)

HH DAL T 5Bl K BEIRAR 3 5258, AN P T 2000 XA R AR A i e /K B R, 6 T IX A A
LT B T KA R A AR AT K AR HIK P TR S, 2K SRR B 52 0, M DX b )
(] 7315 26 SO, 2 XA K ik NIV R e S BE IX PR 45 L N D i 2 H AR 3 AR oR A
FAGHREMA M H HIFR  OHBOR 1 ARG, AR SR sSSP R] . 3t B B H N IX A S R GE IR 55
I E IR IZAF T (R AR SR — i, AR A 22

http ; //www.ecologica.cn



10 Er A ETEESRGEMRS M EEm 8T SRR S 2 e /il 11

3.3 ETABRGIRS M AR XA RL 2R

P PGSR SR S5 2010 4R H M X AE B R SR
S EZE A R R B R R PR T 3 A&
AOEA TR AL X T AR 22/ 0.3 km® [HEEER
Ja 198 3 N EIK AN (K 5), it
MCR #5745 21 %6 1 A= A5 B GE, # A 1 3 A2 27K 1Y
HIMXARZ R (E6) .,

IH N XA 252 A i e 2 R ml & HM X
SR BT R 5 £ | (H BB i AR B i, HL&s () 43
A, ZErh T dC AR SACA T B oA, 1
I XA 2K AR A 2 A Jmy rh TR b BE B AT 18 B,
HARZ) Ry 155.75 km®, (5 BFFE X ETEFR Y 4.2% , 5
X b7 PERT 3t L R AP X AU DR A X AR 3% L - 2R
KA RIRMRGE YRR X, ST 2™ A 4 i Sl A 7S
FHHL 2 R B H M XA S R G R 55 18 R AR Y o6
AR R o A KOT A AR A A S v A 2 VR b Bk
£ 14 B A2 191.25 km?, 24 5 BF 98 X6 T AR AY
5.2% FEARZ A S R Mo 2k b U5 b T AR i 35.5
km? , BEHREE A 2L, BT 3t ] R B e i ARG O,
BRERSE, MR AR 2 R T A SR M EE

EBREEEX

B % 2KFX

i S P

B A RKFX
Hofth X 454

0 10 km
[

Es5 HMRESRH&EEX
Fig.5 Alternative areas of ecological sources in the Ganzhou

District

£ 17 Y, BMOEFRZ R 224.5 km?, HIZIX AR 6.1% , 5 9 224K A% SR AR LG, J5 b T AR K 33.25 km?, i
A= 25 VR I A B A BN, X AR 2 A B9 HRBURE I AR B A Br . AR SRR 4 NP A, — iRy
BV R | FE B MR, 55— 43 1) A 2 BH 7 A v ) b SR S e

RZ 2K TFEBE R FREKFEREEER RERKFEEZ 2R

N
A
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| I

— AsmpE I R HM KR

Eo6 HMRETREWRBUELR

Fig.6 Ecological security pattern of the three levels in the Ganzhou District

A A R RS R T A S R GRS PR B ML SRt | 7 B AT & i i vh BAT B 225 M (AL
FET LA BT, HON XA R A A A 252 A SRy g DR st ) B, 4545 e ) H S AT AR 25 s, i e
5 PSR 5 DXl 7 3 A i B P R B, TE AR AR A R T, 5 BT AR e b, i AR o H
A S VR TR | 4R g DX U (A e AR A 2 R 1T e P 5 7 T R W X 458 w8 22 4 DX N ™ s D 4P Bk o
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FIFEAA T 0], LBRSTE 7R 283 SRy it B v 7K b B IR AR IR AR S B i $R e E S e e e it
AR IR IR, ek JEHRRD” AR S T e SR

4 itig

HERRG RN T B IR B IAD T AR AR 7= R A5 22 B S LLAE A7 FN R TR i 77 i, S R S
R 55 D Re AR Ak L 2 e R A GE i N2 1Y 4 S iR, B OG- I B R AE R L 4, BB RGE M i
AT R HNW AR S R G0 IR S5 DB 59 P2 HEKHE . A SCRIH 2 i R ik A S R GRS M A TA 5, TR B 25 &
FIERRGE SN, DAILSeTe B0 2s ) 4= 5 B BO0 # S AG 45 R AEA T EE A4 . fh 2000—2010 445 T4 5 &
SR S5 M AR NT T 11 ARk A3 R 45 (45 2 sl 3 iR J32 , AT 4 DRI 2% 00 R 95 6 047 25 285 s I A 410 5
FREE s XA WA B R GRS A TS S, 1 L2 [ SR AR RR BT FT e 45 IR 45 76 W] —Fh - b R 2 A v — 400
R, 2ot shaS A G 1Y AR5 U (B S e T DX I N A 25 R G D BB 55 1) 28 1) 22 S, DA T3] AR 2 R
Hiy P A ) A B A SR AR S TR L AR v L DX Ak T G A JER ) e N A | DL A e P, AR A
T EE, ALK R AR ISR LKA TR AR DX A B B4R X T SR DX 2 R4 X K
T SIX 5 KAESFRIFRE 22 B SR TE B 0 KA R G R IR S B8 3% 1L K IR 77
X TR AR PR XA N AR A A Bt R R A i RO 2R Fe IR pa AU B P e e | SR SR B 194 1]
A Jeh , ST A AR AR AR X BRIt SR AR T B P AKX Vb AR G 4 R IX A HLEE R B 2K
AP RERE N Z 2R

AHIFGE 5 R P i T A 25 2 A R ) B RS [R) =2 A s /e e it 7 R Y e R A B AR
BRGSOt g ik, B G BA S ASE 2 mvE R AE S R GRS E , S8R5 g R ik
AR b R 3 R A A AR SRR R RIS R — AN S SE B R AR A A SRR AR R | O TR BT I S T
RSN A SIS AT SR B2 T 25 N XA = SR IAT i bty | Vi b T AR K VR b ELA R AR 0 i A 8
& PR R 2R BT TR 2 TR bR 2 0 A2 B TR VR A B RN 4 2R BE Y
SEM | SCHFOREIT I A AR T R 3 K S N TR M R A < e D i A A R 4 B T AR AR S IR S5 I 1R 2
RIS R G, SGEBGEF AR B AR S R G, b L AR TR AR S RE e H N IX A
DR EEIER, ZBAE ] SRBE AR BRI, — e B2 A4t S 2P M L 2s B4k, AR SCIe iR 551t
S S B R AR A R R v 2 4 SRR I A S5 A7 A — 8 1 I . e, AR SCS 6
WS R T A A AR T 25 6] 43 A1, % T O H AR 2805 A A A A3 A SR 00k . BRI Wi B B s i L AR 2R T
REIY R HE QAT iff o A i A A BB S0 R T — 2P TR SR 7 1)
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