== RS B RERR)
s G€OMatics and Information Science of Wuhan University
ISSN 1671-8860,CN 42-1676/TN

iy

(RIURZEAR (B BRIER)) M E R

H - A THREIX AEZS R Gu AR SS T RIS 5o 5 e BR] - (9 23 ) P AR e o —— DAAR
#E A

(= skERth, XUHEDY, 9Kk, XUREAR, REERM, (TIAR

DOI: 10.13203/j.whugis20200700

Mg E R HE:  2021-07-07

51 = Tk, XSS, 5K, XUREAR, BRI, (THAR. ESURXASRGMR

45 Wi IR RUASE S R i R 1 1) 2 1) A~ AR e N —— DAAR e 2 . RIS
(5 BRIFAR). https://doi.org/10.13203/j.whugis20200700

@NKitassn

www.cnki.net

WIS ER: EHmBE IR T, ffh NSRRI 2 DR e R HEBUER . BN g 8 R S5
B HEMBAR L E, HEdFRATITF B8 FE TR HEROE e 5 H e fa 4 )
FIRE RN (RIEM S 2R HERRE IR, WTEAE MARE. & BIRTTRS. BEHNC g e F 1
AR 2 HL DU Y CURfh E ) VIR i R P B e 1 o S P S8 Al I 2% 1 AR N 8 e AUAF 4 (il
R ERZEB) AN T AR BEAE Y A RAE s 2 ARWE TR A B . Bl RSBl 77 &g
BB TSCSR R, AR ARANGGAT 9 S AR BUT s R fF N 2 LA R 5 [ A R A5 T i
AR BOARDRE,  IEB OIS —HIVETE 5507 f759 . 807, A0, doE thE A ROt ERRESS
N ERF T ERRI A BRI, SR ERG— 25, AMRBSOLSCEH | 1E# . HUA AR R A,
FURTEE T g A HEAT > B0 IE

HREEIN : AU TIgR i EE I S (R E2EARIT] OsfiBoO) By REHARAREL, £ (hE
FARWIH (MZRREO) ARG & LA 5 405 T N 7 — B R i, LR BRI RO 30, A2 BRI
AR BT HI AR SO AT E R . HERROE RS . BN RE R . B (o B AR (RIZRRO) A2 B 5l
JIR) FL A SR AR I I 4 S R R (ISSN 2096-4188, CN 11-6037/Z), It LAZE 23T 1) 099 46 Ji b 9 28 27
RSN IE 2 AR



2021-07-07 17:09:19
https.//kns.cnki.net/kcmg/detail/42.1676.TN.20210707.1546.001.html

DOI: 10.13203/j.whugis20200700
5] AR

SENG, RS, K7, XK, B, (FHER. S IIREIX A R GRSV R AU % 52 e ] 1
() 25 [6] HE P fa w5 DLAR 8 28 8 ) [0]. 3Bk % % ) - 5 B R % A, 2021,
DOI:10.13203/j.whugis20200700 (Zhang Ziyi, Liu Yanfang, Zhang Yang, Liu Yaolin, Lu Yanchi, Ren Qiran.
Spatial non-stationary response of the tradeoff/synergy between ecosystem services to influencing factors in

Ecological functional areas-- A case study of Fujian Province [J].Geomatics and Information Science of Wuhan
University, 2021, DOI:10.13203/j.whugis20200700 )

ESThRER SR GRS R E X R
AR EE R —REE A
1

A T KT M B EEAC

1 KRFEFREIREAFFR, b KL, 430079

W OE: SEAESRGEMS (ecosystem services, ESs) KIRFEIE, @ UIFHEIEMAIIFEIRIIBUL. MR
A3 B AR A PRSI BRAEAE (R AN il B b AR SS Thie XN BT I G 8 MR AT BR Z %) ESs B R (KRN
PRI, AW UVAERSTHREX NN R EG, M PUIR ESs CHE 47 (grain production, GP). &4 [l #% (carbon
sequestration, CS). J*4MA & (outdoor recreation, OR)F14E: 4 % FE: 447 (biodiversity conservation, BC)) i
A, IRIT ESs PhIFIRUE T B R AR EE . Bk HERL MHRAIITT AL FE AR 5 T R (123
AR PR e R . A FT 4R e 2 S LU R ki 8 ESs b RIS (0 2 18] 4 A, 383 35 B 4 W i B i
AT, @ InBGEHE 4 (geographical weighted logistic regression, GWLR) #fisE ESs W [RIRLH % 5
WA A7 1 s (DA L. 25 SR, ESs RIS B 235 s 1) A OGHE . TR 576 2 i) bRk R2
—RFR, MRAFNAAAERRSBEX SR, Hd BC 5 OR EBMIAX NREMSEBFEXR, HIE=F
HIHARPIURSS GP. CS 2 [) B [ AU ) 2% (8] 73 A7 3 A Bk ESs ik RIS BT S R 7 4 ikt
FHRL, AZW R A W R, FCIE GO AR R A (1) A4k . BT I 45 ESs P RIBLET R A AR

X CA P R B T L BEAT Al A AE— S XTSRS 3t R TS BRI A SRp % 2t 0 2%
TAR AR EL ], LA AT 8 T IR 55 ) S RF AR FEE £ (45 P IUIR 95 £ 122 DX 39 B A [X 2 R DR 35 I 95 95 9 i
%o MBIRBE MBS Z AAFIESNAZERE, 2% ZEFRAL T3 DR AS B 7T R 3 B0 R 4

X EBRGRS: WIEEE HEINBCEERIE; AEBIREX; MR T, fEd

hE 4SS P208; P273

TUH By HxE ST HRIBE (BHZ%S: 2017YFB0503500),
FEE: R, WL, EENFAETEEPH. zhangziyi_violet@163.com

WIEE: x5, Wt #dR. yfliue10@163.com



R PR RS ARSI EE R E KR T, B RGiRS (ecosystem services, ESs)
FEABRYEE P RIE TR, AHEHE 2 BIm, 30 D)7 BORIUT B S A R IABE A AT R R
J&. MATREAESHERY . BE . I E AR R E R T A 2R MR Sl Sk
B R 3 S R ST R, FEE AN . (1) 2 TR RS R AL TR
MIZRGE, 58 PR i B/ S, e LUHRAE 4 2SR BERS JR A IR B AR R 1 T8 T A
R4 A 2SR Th A6 X AT 4 2T A s 11, L A0 ot S R 55 0 i 41X B S it 3 56
BRI 74 SR A AR, (2) FERIEBURRS, 28 ESs Z R MBI A A X R, B
I 36 SR B TR 55 A = A R AL T B 2 B3 — T A 2 R G S5 IO R IR 26RO, A 2 P it
A E . ik, DU DIREX OB TCHE T ESs IR R (B RIBLEDD, T il I bl
il AR, A A DR DL R B, R A A R B L e

ESs P [FIRUHT 2 ESs 2 [A] X RIMPIM AL, ESs Z AR, SIHH 2 B4Rk
KA, RPN A B RN 25 M P A R, IR 240 ESs Z [l B A
BT R R BEAT T W FC, SRR sl AR IR BAT S DX RUBE T 1) B [RIASL A8 5 28 DAt B e 2 ) FRUBE L
o Vo E 25 SECT UK W A BTG, AR G MM (0 7 35345 T SR 1L it [X 43 e 00 o e 5 7K S
VAV RS R B S R A RSS2 A AR R R . E BRI LUAT BX A AL 2 G,
FIFH T LRI AT AE S R G (ecosystem services trade-off degree, ESTD) ## 7
Mg 7RI I ESs CRUEDIAET= . Witk AR EM LIRFE) ZIMMPH KR, X
Hp MUK R B TE, FIFTA S 2B ESTD BEANIIE T PR KR 12 WL S RS
S5 AN B P P Z IR R DR [ A4 o Xu S5 20 FhASRIR /AN A% W RUEEAD 2 AT BUX R, ) 2
R IR BAR KRB E ESs YIRS, #RFC ESs W FIBUE IR RS, SRT, BB BT
ESs AU 2 B T RO A+ 0 A IR . Feng 50 bt A7 725k, ERTFJE X HH T
151 MEEA, #iE 15 ESs Z M4 RKRA RKH 4 MR R (HEBE G A,
HERRRID R SY) . Qiu ZEIShEs B [E A /) IFR 7T T ESs Z A4 356 RAE RN S 45 5
AR BRI N, AR IR N R PR AEE S . BRI
HORIARAR RS L 4% 560 m A AL S SRR AR 1 20 B, DU BR it T 5%
IR HUIE R AR E 2 b o X RAFAE LU N AN R : THERRE T R REHE, Toike 2
[ AU 5 28 X 5 M K] 7 e 2 PR 22 [ 222 S A A, EL e BB TS 7 S ) P -t 0 2 DA 1 R A5G
RENE, b G4 5N R KA,

A 25 o P 0, 2 2 1A A PR R M S e R, T3 ek A2 4 1A 4 £

2



Y G BB B 22 AR 7 22) DO, stk 22 (0 BT 70 00F B J3 3 [0 1 BSS 5 T LAfitve
IR ) R, R M AR A R R R AR AR AR G B b, JRERIED I, e
JnALIE ) (geographical weighted regression, GWR) M HATAE H ) HAh B 38 [ A A, iR
R T AR I PO BR T S S [ VST 0 /PR 0 5 ESs v RIS 5 B DR ) 2 TR BBk
R TR TAE G ITES RN ESs Y FIRUHT 45 SR ICTE S R R IR HIg 5. E ESs Z [A)5%
B G 07 3 SO A O B RO 4 SR [l AR AR RO, JLAE SRR AR ] BRI AR R, H
kS MLBIE 72 X P 0, /D Sy SRRAE, TT RE TGI8 58 AR SR L 5 PO, 4R ESs
Z IR S FERE L, AR — OB 5 1 ——Z R LU UL, R ESs W AL 5%
F L W] DU R AEBT FU P ESs ] AR 28 55 V8 L 52 0 R 3R AN BEREAT = 350 1] U5 23 A ) il A
27 i HBURY S I ] B PN X L il 55 AR A B R K B R ORLAT O —on A ROk A
ESs Bl [ BT (125 [8) 43 AT 4l 5« HE T Ad P 3 A2 45 ] )5 (geographical weighted logistic
regression, GWLR) P25t ESs W RIBUAT 5 22 T0 540 R 1 2 1] A 4% [ S Bk

ASCUAESTIREDCONBE ST, e VAN OREA), W7 GEMIE D, Xib O
HMRTED FISCRE (EMZREVELED) VUSRS RGIRS, 8Id 2 57 LRI VAR ) BfiE T
EATR RIS SR AT A ARG = AN 7 SR G OB e 1, @ 3=
B AT IEAT i s B/ 55T GWLR 15931 ESs BRI O 6T H AR A8 R 3 0N KI5 3l A
A AR PR N, ORRL A E XIS R BUR IR 25

1 BRSNS EEE
1.1 #HRX

fEEEA (B 1) (b4 23°334-28°207, ZK4 115°50°-120°40” )7 T H [ 25 B 34 1 45 0 2 35
"L R L 1 B AR, LA E L R SR R B IR T AR B . AR E R R 5 —
MEFAESLHRIX, XA FE R AR, RAERSESNE. SXHRE
5 %IA 65.95%, JEAEE AL, KRB, KEEHEEERE . A5 I T 2755,
i 5481 80%LA b, TR MEENE A I, TR T AR EE 8 AR VIR . (HARE g
AV, ANHHHA R 2 EF 8K —F, RE8 B8R EFEKER =02 —.
DRI, B SR A 22 A 1) ) T B R RO . MR IR P E M B X I 5, I PT RE 2 F i
AR, BRI VR A Sk, 2RI, EAG TR PO RO AR, &R K
ORI 2 22 RO



(QEEE XL (bR & LS ThREX R (C)AE 48 i ) Y 25
1 A X AR

Fig. 1 Overview of the study area
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Fig. 2 Spatial patterns of the ecosystem services in Fujian province in 2005 and 2015
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Fig. 3 Spatial patterns of the relationships between ecosystem services in Fujian province
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Fig.5 Response of the tradeoff/synergy between ecosystem services to urbanization
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Fig.6 Response of the tradeoff/synergy between ecosystem services to elevation

(Xl BC Al OR HLAG i J (LA — 8k, e S HA PR %S (GP. CS) Z[al ¥t
[ ASL 687 DX 2% 010 25 [0 43 A 43 AL, LSS Al i AL 2 2 % = A Mg 8] 3% PO i 2 7E 2 () 43 A b
B EA ML (B 7-90 (1) XFREKIImARL, 78 R AbH X 3 22 G s i s LB 1)
W87, 5 [ TG X 32 B IR R o (2) Sof I HE e SRR I Ao e 82, /PR o I 2 B A
SRSy A, RIGTILFE TE M L PR DX B2 FR) o H B 7 B2 g3 X . BL GP 5 BC. GP 5 OR
XX R, TS K e S FE BEAN XA Ay B, ELAE [ A e 5 B A . L E ()
W 2 PE M AE S IE, 7R MR Dy Fe o E e REEE A Dy B, 7E R O IE . IX AT RE S K IR TR
B (KR EED U5, g IR SO B R AR, ¥ TR T AL
THERA IS, At X BAA 5 KRR R, AR RGRS PR RE K2
EGAC, LA MK I 23 (649 IR 45 2 1) HE BB OC R A e . R I AT R, H AN
I FEERRE S K 4y 78 0, HIRFER 2R R BTt N IE, H IR AR =TTk R N . 7E
Wk, MRS IEKIX RS HREMAARK, SHEERIIEMAX: BAREHINSEERSZ
] BT ) 5% R AR 39 0 . BB GP 5 BC. GP 55 OR IX XS 56 /%5 BN by Al 56 R & 2

14



FIMER, T RE R B4R — NEONE T AR JER TR R . RITEK BRI X, 75 IR K
VR R R, EZK BRI A X 7 EER KK IR 77 &

7 L3S R GRS U RIS Xof o 7 A PR ) 2 ] i 7
Fig.7 Response of the tradeoff/synergy between ecosystem services to precipitation stress factor
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Fig.8 Response of the tradeoff/synergy between ecosystem services to temperature stress factor
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Fig.9 Response of the tradeoff/synergy between ecosystem services to sunshine stress factor
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Spatial non-stationary response of the tradeoff/synergy between
ecosystem services to influencing factors in ecological functional
areas-- A case study of Fujian province

Zhang Ziyi' Liu Yanfang® Zhang Yang' Liu Yaolin® Lu Yanchi® Ren Qiran'

1 School of Resource and Environmental Sciences, Wuhan University, Wuhan,430079, China

Abstract: Objectives: Due to the sharp decline of global ecosystem services (ESSs), there is an urgent need for
correct environmental governance policies. The two problems existing in the current ecological environment
governance in China are needed to be solved: (i) the lack of overall planning based on the unit of ecological
functional areas and (ii) the lack of in-depth understanding of the synergy and tradeoff between ESs. This study
takes ecological functional areas as the research unit, to determine the Spatio-temporal changes of four ESs (grain
production (GP), carbon sequestration (CS), outdoor recreation (OR), and biodiversity conservation (BC)), and to
explore the formation mechanism for the synergy/tradeoff between ESs and its spatially non-stationary response to
influencing factors. These factors are temperature, precipitation, sunshine, altitude, and urbanization degree.
Methods: In this study, Various models and multisource data were integrated to estimate the distribution of the
yield of ESs in Fujian. A "difference comparison method" is proposed to determine the spatial distribution of the
synergy/tradeoff between ESs. The Moran’s I was applied to determine the spatial autocorrelation of the
synergy/tradeoff between ESs. The principal component analysis method is used to select influencing factors, and
the geographically weighted logic regression (GWLR) is used to determine the spatial response of the
synergy/tradeoff to influencing factors. Results: The main results are as follows: (1) the four ESs selected in the
study (GP, CS, OR, BC) have spatial heterogeneity. Among them, the yield distribution of GP was significantly
related to the administrative region, and the highest values of BC, OR, and CS appeared in the Ecological
functional areas of biodiversity conservation and water conservation. (2) All the Moran’s I were are greater than 0,
which means the synergy/tradeoff between ESs has significant spatial autocorrelation and spatially clustered. (3) In
space, there are synergy and tradeoff simultaneously between two ESs, instead of a single relationship. (4) When
the spatial distribution of the yield of the two services is similar, such as BC and OR, the spatial distribution of the
synergy/ tradeoff between them and other services is also very similar. (5) The synergy/tradeoff between ESs
showed significant responses to climate, topography, and urbanization factors. (6) The responses from the
synergy/tradeoff between ESs to the influencing factors were spatially heterogeneous, and their positivity and
intensity varied with space. Conclusion: The diagnosis results of the model show that the GWLR is superior to the
global regression model in explaining the correlation between the synergy/tradeoffs of ESs and the influencing
factors. By summarizing the law of the occurrence of the synergy/tradeoff, this paper refines the existing formation
mechanism for the synergy/tradeoff between ESs: in a certain area, the area proportion of supportive land-use type
and non-supporting land-use type, and the degree of their support effect for various services will make the two
services distinguish between superior services and inferior services in this region. Due to the changes in land use,
there is a dynamic gap between the superior services and the inferior services, which may lead to trade-offs when
the gap is increasing.
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