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Integration spatial differentiation and cost coordination: the solution path of the

mismatch between supply and demand of ecological security pattern
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Abstract: As a crucial element in safeguarding regional ecological security and enhancing human well-being, the ecological
security pattern constitutes a core component of the overall territorial spatial pattern. However, influenced by factors such as
planning concepts and technical approaches, existing ecological security pattern source identification results often manifest
as large, contiguous, and concentrated natural ecological patches (such as large forests and grasslands) , while overlooking

small, scattered semi-natural lands in residential and production areas that provide localized ecosystem services. Although
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large ecological patches with superior natural conditions make significant contributions to maintaining regional ecological
security levels, these areas are typically distributed in natural zones with low population density. This not only creates a
spatial mismatch with populated residential areas where social groups concentrate, but also leads to difficulties in aligning
conservation objectives with social needs. Consequently, this results in a supply-demand misalignment in the ecological
security pattern, characterized by spatial non-overlap and typological mismatch between supply and demand. In response,
this study builds upon existing construction methods and, from the perspective of production-living-ecological space
differentiation, carefully considers the Pareto efficiency (optimal cost-benefit ratio) of spatial demands and conservation
actions within the region, proposing a research framework and technical approach to address the supply-demand
misalignment in ecological security patterns. First, it establishes a method for delineating the scope of production-living-
ecological functional spaces, then references the Common International Classification of Ecosystem Services ( CICES) to
determine the required ecosystem services matching each functional space, and further employs Zonation5 to identify multi-
functional ecological source protection priorities within the three functional spaces. Finally, it incorporates two constraint
conditions from realistic scenarios—costs ( expenses for creating and maintaining green spaces) and benefits (the effective
radiation range of source protection) —to develop a Pareto-optimal solution identification method that achieves the best cost-
benefit ratio. The method was further applied and analyzed using Xi’an city—a pilot city for territorial spatial ecological
restoration planning—as a case study. Results indicate that the optimal ecological security pattern comprises 692 ecological
source areas and 689 critical ecological corridors, achieving a total input cost to total conservation benefit ratio of 0.637.
Among 164 multi-scenario schemes in this study, this represents an ideal solution that balances ecosystem service demands
across production, living, and ecological spaces while maintaining cost-effectiveness. Compared to construction results from
previous studies, it better accommodates local demands. This research aims to provide insights into resolving the prevalent
supply-demand misalignment in ecological security patterns, with the goal of enhancing the scientific validity and

implementation feasibility of ecological security pattern construction.

Key Words: territorial ecological restoration planning; ecological security pattern; misplaced supply and demand; spatial

differentiation ; conservation effectiveness; spatial priority determination

SURAEA B PRGE Y Tk K RN T XA S R GERAR, SR T AR T AR R SR A5 R AL A AN
SEVERIE . R, EARESR TGS AR AT Ak s TR0 Jry | 2 1 B A 25 2R 0 MR 55 v ARG S (R 7 11 F 5 13U 7 32
KRR, Hoh R A R (ESP) AR — il 8 & 500 A 254 < M Jep-aod A A% 1 P D B Y 4 1) L K T
R i e A B R RS RS- Re O R L W R BUA TSR, R [ X A
ESP 4 G 5 38 40 PRI ORAP 0T A 25 R DGR FH A BB BRI 519 0, SR K E S R R e
EBRGMMS RS RAAEERE L,

R, BT U - T - R AR R e R @ s e iz T e AR S RO PR
EAR RIAERF ESP ALK 5 R AR SRR AT 55, ZEJFRTTIY RATRE S Rt e
Sl A A A SR AR N A DI SE H OGTE T = 2R IR R - COMI o T 2k 45 A AN BB 32 3 4 R 1) 25 g AL O
W QR TE TS ARG MG L KT M RE AL IR 17 Q)R 5SS FA -2 BE XU AL 45 1 45 B IR
WU IR R A A A A SR AR AT R A TSI SR, TR A S B R AR U
I A7 A — > 5 W B, BRI A SRR R BN K A AR P Y A AR AR S BB (AR R AR AR W 3
A 1O I 20 T AR DX AR X N A ECE R O AR S R GRS o AR T B, Rl X
T IR X 2 A STk 1 3 anas b b B ] | B R A5 O T ) A S R G S5 R (s sk
IR Ll TRV AR 2R B R A DB S TEACR B SR AR S et R g id f . RAEARIE R
AR R T A S RE SRS Al DA 2522 4K P FAT BB BT, {E phy T2 2 X0 20 A TN 1 BEAR B9 AR

http ; //www.ecologica.cn



9 1) WOEAS LRGSR 5 AR UM A 25 A SR T 0L 1 o A i AR 4157

M AT R SR AL B N X 23 (6] B AL, T ELAR AP H AR5 il sSRARME— SV L, S B A A %
ShftJa A - R e ] AN A 2R EANXHE A I 07 1]

FOHAUA | i T 2B 32 i 1 2 R ) RG> SRR F BRI R, A % 4
SR DTSR R T A — 2 (W] )T AR R A E 2 A AR A T M, RS I Pioply sl L ik 5 A
30 gt 4 T S A T3 AL Sy 3 A 2SR AP A T s AR b ) (BN AL T ESP R s B rhoul g s ) 25 S MR R
SRR AU 1 AR 25 3R G AR S5 A5 0L I RSP e A XU 2 D Bl B 4 4 vh 3 S T AR T4
UFI A AR, S BURY R S AR Y HE 2Dk TR AT [ L s A S R AR TP R A S A
A% SRk A I B SE R SR T 37 2 A AR A3 RS ol 7K -2 38 8 2 1 05 2 A A ) 43BN S ) 43 il
IFF R A PR e s Sy, AR DR AT XS K -Fli B BEAE EAT 28 S AR R A 4, AR, A ) DAAE B X B —
“ERAET A B E BT, Y E A ) A S E R R R A R e < i Rg s Y H
TR T BT A A AR S IR R A A () A AR 2 T A S L ek R B R THES R
Gl g5 BERS DRI, R LT D RE 2 1] o3 S REL I R A ) o A AR i AR 2R = 2R T RE S (] I 2 B oK, fiE
WA BN T 2 1B ) 7 b AR 28 R G R S5 AR B R DR BE ) ORI, S T = A T s 1 43 S LA A AR S 22
QA Ry 0 Al E 4 ] s TR AR 2 O (HAD A FFE R IR AR

eSS B LR S A7 PR3 5 i i) 2 SR FR ), TR AN R D) BE 25 18] P9 Y 2R 25 R GE M 55 VRsR AN RESE
AR BT B S AR AR = 2RI RE S 1A] N BT R AP F AR B DA A IR AP T A RE
RIS DR, R BRI AR TR 57 T 9 =23 1] (¥ A AR E b , D AR BRAP A 5 PR 5P 8025 1 Py
PERCRE A i B AR B8 B e D7 SR LA 55 TR S8 ) 23 b Wt — 2B I oT, LA — A
DT RS R ORI R B PR R[] A 2522 At JR 5 58 Z AN 2 AL R 5 R

SREXE EIRPRA AT S AR AR T AR 2R I REAS A BRI 5 i, E— 2 2% MR A R R
5 I 55 18 Fl 70 2608 2 ( CICES) By 5 DL LA S D RE 25 ] i 5 5K AE S R GEMR 55, It — 2D Al ] Zonation5 U1 =
FKIIREZS AN B Z R A VR AR UL e . R K LG S5 O T 2R L R 25 1, BRIVRAS (PR 474 T 3 A 3
HEFFERALINAS ) IR ER (PRIP DM PO 288 i 5 R S 1R ) A0 A 5 08, st B AT i A A -2 i ) B SR A AR AT
T EFNTTk . AR A XA 252 e Ry PR P R B T DR IREE AR - AR R 5 N PR T —4
BT LB A A2 ks SR i T % RTS8 3] 14 B R S G R ) AR AR
RO FE TS T BAZITEAAL ™t - A i AR 287 F R A2 2 R G IR 55 B DR AP S8 FUBAS B, LU N 2R 25
LA R RIS ] SR 2%

1 HEECEEFESTHRIERERE

B P A 25 R GUAR 55 5 DT T2 5 AT AR A5 4 A Jry Mg s F 5 A it £ i 0 7 DA figp R (36 35 AN DT P ) 8y
FRABETE AT AL S AT R P R R R (1&T 1), EPSE D = AR T T RS SIE U A
FAAEZES (R 1) o Horb BEFEAE AL R A T 2 DI RE A 45 R SRS SC R IO | R 2 I s A
IS A ML SE SR AT R 52 5 BT AR XA A5 ) AN S S B ANy
TSRS

R A A ]t PR B — RUBE A 522 4 Sy by T I Jul N 2 ) 22 S A AU IR T P26 (3R 1), ol T Il RUA
T S AT A 25 A S A 45 SRAE T JE M 7 755K ESs IAETEAR R , S BUE S22 A% JR) 18 7 1 ST I A7 7
P, TEET AR LR AR AR M s (R AT 25 S 28 A B T RIS IR D RE S [E] 1Y ESs TR ISR
5 ESs LA 1X Il i it — 2P 5% % 18 = 2D RE S A B DRAP A S kst , i RIPUBN G SR St T A1, R,
AWFFRELR (18] 2) F2 B0 5 DL T A7 A 6 - AR 287 D REIE B PR 73 A3 as 1] 5 Wl 7 I I Ali 1 e = A 23 1)
VRIS R GRS ; O IS AR (BRFE AR H s 5 == A al fRar AR ) |, 002528 £ 50
S A SO I e DZE 5 A RFTRCR (A -2825 5 B E I 2

http ; //www.ecologica.cn



4158 xR 45 4

o> g <o

i pmm !
TEK <----> BHK  GRKE < I-> HAK !
\ %uﬁjﬁkmﬁiﬁfwéi 1 FmmEK T !
gt T -
v
HIRRTTAVN
TR L L L

B 1 HEEMSHE AR B &

Fig.1 Graphic comparison of supply and demand mismatch and supply and demand mismatch problem
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Table 2 Data and sources used in this study
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TE % AZE BUR (2020 4F) R '
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Table 3 The land use data types corresponding to the production-

living-ecological space
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Table 4 Land suitability evaluation of production-living-ecological space

EHEZ Eitu [HFPE4> Factor scores

Suitable category Indicator A 100 70 50 30 10

TR E 75 (B2 0.1439 gl ErzsE s RURAEZSASE RFEESSE HAZE AT

Production suitability WiRE/(°) 0.1053 <2 2—8 8—15 15—25 >25
AW R /mm 0.2002 >996 852—996 738—852 651—738 <651
AR 0.1695 >1.13 1.13—1.31 0.92—1.13 0.88—0.92 <0.88
+4¢ pH {H 0.1772 6—6.5 6.5—17.5 7.5—8.4 8.4—8.8 <6
BRI/ C 0.2040 >19.1 16.6—19.1 13.2—16.6 8.9—13.2 <8.9

i iﬁﬁimy KA 0.1098 s b orn o R st
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SHMIEE/m 0.1019 <700 700—2000 2000—4000 4000—6500 >6500
5k ikEER/m 0.1019 <2000 2000—4000 4000—6000 6000—10000 10000—37815
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Table 5 The types of ecosystem service demand corresponding to the production-living-ecological space in Xi 'an
23 (] 25 B RGMISS A WAl i 275 30k
Space type Types of ecosystem services Appraisal procedure References
A JK B F% ( CICES 104 .4.2.2) InVEST water yield model [17, 43]
Ecological spaces SR -BRAE R (fURD:2.2.6.1) FET CASA BERIT5E [44, 45]
FIORRE (R .2.2.1.1) RUSLE model [46]
ABE R (015 .2.2.2.3) InVEST Habitat quality model [17, 46]
AT (] =S5 .2.1.1.2) HH A TR 47 ], 3T B e AR [47—48]
Living spaces AT A PR (5 .2.2.6.1) InVEST urban cooling model [47]
K SCIEA Uk A (45 .2.2.1.3) InVEST flood risk mitigation model [47, 49—50]
BHIRS (FRA5.2.2.2.1) InVEST pollination model [51—53]
He e[| KA (1015 .2.2.5.1) InVEST Nutrient delivery ratio model [54]
Production spaces B IRSS (10F5:2.2.2.1) InVEST pollination model [51—53]
SR -BRAE R (fUFD:2.2.6.1) HTF CASA B4 [17, 44]
R (05 .2.2.2.1) RUSLE model [43, 46, 55]
ARSI -k B B A (F015.2.2.1.3) InVEST flood risk mitigation model [47, 49—50]

®6 ZATFEIRESERSESHRPBFELTRIZE

Table 6 The proportion of the current area of the ecological space and the upper and lower limits of the conservation target

HiFY Area/km? R HFR Conservation target/ %

e _ _

Space type DR BB A e Bt R
Total area Current forest and grassland area Lower limit Upper limit

HE 243 6] Production spaces 2539.84 557.74( 5 EE 21.96% ) 22 25

A3 25 8] Living spaces 904.53 180.27( (5 £ 19.93% ) 20 25

H 2545 0] Ecological spaces 6523.46 5177.67( fi kL 79.37%) 38 44

235l Whole region 10087.35 5915.68 38 38

HE— W A e ARG AT A R AR HAR 0 B 2~ X, X, X, ] Python 718 = 28450 & 1 45
T X, -X, BARGE HAR B, TR AT .

(1) L Se e, R A= 2522 s SR L e e 55 T2 23 [l R OR AP AR TRSK , B0 X, 25% , 0

2539.84%25%+904.53 X,+6523.46 X, = 10087.35%38% (1)

(2) BT BE I X, o0 25% 0 .
2539.84 X, +904.53%25%+6523.46 X, = 10087.35%38% (2)

(3) A BARSCIEEE, BEE X8 44% )
2539.84 X,+904.53 X, +6523.46x44% = 10087.35%38% (3)
f#iFH python %?Li&’&iﬁﬁ%#%‘ﬁfw A 2 & G b5 1 = A= s R Ok 4 B bn dl )i, i — 204l
Zonation5 T HATH = 2Ras 04 AWML G RS RGNS IR ILIE D, Zonation5 72 F GE OR3P FLRIBIF 5 b R fit

H&%%ﬁ%’i‘iﬁ%ﬁ%l‘ﬂ@ﬁ@f%ﬁﬂ:56] Zonation5 3T R GE AP HLA v i ELAME - ORI A 2 A
A A RGN 55 125 (B R a8 5 PR 22 D BERICR e DL ) AU A DX 3 ( RV 2 o A 25 AR e e 55 0 2 v 4 VK
(1 X8R ) I Shy B ks i) A3 S R AR P A S8 4 o [RIE, ZonationS Sy I P $241E T 2 F0 F T f 2 £ S RE B R AL
Wi BN, FE AR CAZY RLDN T DR T 8 9 of 26 25 AR e 55 A Hh s K (L T AN 2%t B — il 55
AL . P A B PRI Yo PR3 X BRR 255 AR 8 R G S5 MR L TGRSR T CAZ1 B34
B = 2R3 18] A A2 S PR3P I B 20
2.3.5  CHEARE-ARAS LS R R SR A DR AR -0 AR A 5 i SRAT BRI I 4 A

(1) AR -t AL
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TRAP AT T8, 9 M A = 2823 AP h AT e o (AR AR SR T b BEAT 1 3t 5 AR E R AR 50) i f7
SRAL (FEJA MRRE I A5 AN TAE DY K LB ) IEARUA , R 22 R DGR 5t 5 1 22 17 5 B
T OLBCE = 2RAS M AR G HI(3R 7) , #E— A8 python FREGETH = AR A3 TRl fRAP DX I A 2% 28 P A T A 5 L
RO,

RT EF-EF-ESZTERRPBERE

Table 7 Conservation cost setting in ecological-production-living space

23 |27 54718 AR Conservation cost/ ( JG/m?)
Space type 4% Greening A Fi44L Maintain green
H: 2523 6] Ecological spaces A b3 4% 300 6
H: 7725 6] Production spaces Sl FH s 4 90 6
AT 23 6] Living spaces K I 2% 30 8
PRYSEE Ty T, ASESE B B B FERETH AR A28 A% Jmy X 24 A= 25 2R G0 R 55 i DG e {3t 1y - de KAk ESP 1 3%
fo B wi U R, PRI FERR R T SR R HAR S A S R G R S5 B 5, AR XS 3 i A S R G R 55 4

SHIEBUWE A BRAP RS FEFR ) M CIFFE R L B LR DX I A 75 R S8 R 55 Uik th A 28 /D RE SR R i
800m (2% oh X 37 | PRI A 58 R ] Python H TG (4P SR 45 B A 182 i X A3 A7, DATHEREARAP 5 2 00 32 25
B SRR b

(2) WA RATIAAE 2 A SR F

TEA G5 LA RICIRA (PRI A -5 L e ) S B4 H AR, T R GE a4 vh Y 1pSolve ELHY
LRI T AR J R A7 s MR IIE 2 AT AR A AL B 0%, th T2 A M 28 AL, SRR iE
A BT USRS FRE  BET B R Z AR RS I LR T R

TEAAFA NG T B AL A R 7 35, #E— 20 5% 1 = Y- BEL ) T -l 5 VA AR g A 25 e e sy | fL
ﬁﬁ*@%ﬁﬁz%éf?aﬁﬁﬁﬁiﬁi%“‘” , FH Linkage mapper PR I T FH Ay 1 5 A A TR gl SRR A e
¥ 51, 832 95 F Pinchpoint mapper A5 HURE FIF A 4% .0 Az 55 BEHR X 22 8] 1 B R 2R AT 20 4, 1« 240 — (All-to-
one) " LG T 12 AR IR A LR

3 ZBRES

3.1 ARG A RN

AR [ E PRI S R AN 3 B Hh R s TS [ 3E EAE AR RN e, (1) B3 Bosay A
FEIE EAE VA A A o i | A AN SR X (VR RS B KO B AR 430 A 2 (]
KN 19.3% 35.08% Fl 45.62% , (2) A= 17 2 18] 38 B DX 3 AE 4482 (] v 7 LR/ 38 B 7K D — IS5 9k
F (ARG ] LR 58.94% ) , o rbbl H 2 A 8 A T AR L 430 R 13.95% N 28.18% , (3) A= M B
PEVPA 485 SR | AR E B X 2 25 s ) AR L1 2 59.5% , BAE T 0 A T I 22 g i, 3 B f— R & 2 IX
B HE2 R 20.74% 0 19.77% . (4) FRYEVRRE IS I AEZS AETE A7 23 LEAR A an 1 3 s, SR 178 22 i
B A= A A =23 (R AR 3 S 7, A T 2 TR R0 A TR R AL,
3.2 CHEPEENG-AER S BT R AR R GRS AL

e ARG AR SASEI A S R GRS VRS R 4 s, AEreasia) b i db X AR S R SR 55 K
S RARTAR, V-5 A 0 ) 2 0 A R 1L DI R R 1 1 SRARL IR A T 2 B A 1 A S R G IR S5 A i 7K
o TG AR (AL D B3R T2l g b 2 A A DX A A R G R S 1 T BRI DX (] Ao G A T X AR 3 3 X
PRI B R Ak SR AR 3ty DR AR 28 Sl IR T A S T IR 35 Be B o . AR AR s Tl A B XA T bk
i 55 PR R PR BT e e A 280 LU R, L v A 855 IO S Al ) i R DX A v P R 0 A R VS N 5 R ) X
B IR S5 1 53 S I S FEAR AR Ry s AK VR R IR 55 (4 3 A S IR PY A e R AL AR 23 Rl oA A8 34
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Fig.3 The results of ecological suitability assessment and spatial distribution pattern in the study area
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Fig.4 The results of ecosystem service assessment of ecological-production-living space demand in the study area
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Fig.6 Comparative analysis of Pareto efficiency in PPs and construction of optimal ecological security pattern
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Fig.7 Comparative analysis of Pareto efficiency in LPs and construction of optimal ecological security pattern
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Fig.8 Comparative analysis of Pareto efficiency in EPs and construction of optimal ecological security pattern

VR b IR 55 B8 1 s h sk as , LR O 10 32 25 Y I, W] E— 25 A T X 42 2 R AR R 8% 1A A S PR R DA SRR )

SERTEHING , TE IS SR A A s R S AR gE gl AR AR AR AR S TR Y SR IX sl 1 A B
AR A 25 2 Ak SR e 2 SR A TVPAS AT, 22 LRUBE 1 00 A 25 22 4 Sy A RV 5 4 Jy S A R JE, v R
JE 1l O e A SR T 1) S B s BT A A T BB AT, SO R e AN [ 2 ) A A 2 VR b M AT DR A AR
7o, LA AFEE SR BERRR LRI 06 4 S ek S 45 5%, JAR ESP 1 38 4 A5 Jm R /D it 7
NG I B = AR B R N 5 A R R R AR R
42 Z5ip

,uﬁéffﬁE(ESPmﬁchthr“ FEMAT Rk Zz— . SR, H TR A2 h SR b i o 2

TSR R 2 () A R A A XE LR AR R 2 ARSI il AR S R GRS YRR, L ARSI T IX
B AERS A AR A A SRR U T R EC T AR S (R T R AR S R GRS BN U R — R TR
[l 155 5 T 35 A RATIRABCR A ESP 25 [, S5 R 256 % 8 =M St it ESP i 692 AR E
Hi (CEVETBCA 3548.87km? ) Fil 689 4% CHH A AR ARIE (K B 326.62km ) %, FRAR B A AR FLEV ORI AL 25
bRy 0.637, 2T A 164 LT P AR TR, AR B2 IR LRI E 2 0 T — D B R L eig Rt T
AN ) R P SR A LB S R R B AR, R lest ESP 25 )4 SRR R F SE B ESP I8 M iR (kS |

http ; //www.ecologica.cn



4168 JAE = 45 %

[ mExmR

JAHE RO JAB AL

0 30 km

| S

B9 ARAREREEXRRBRILE
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