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Spatial and temporal changes in the synergy and trade-off between ecosystem

services, and its influencing factors in Yanan, Loess Plateau

SUN Yijie, REN Zhiyuan" , HAO Mengya, DUAN Yifang
School of Geography and Tourism ,Shaanxi Normal University, Xi'an 710119, China

Abstract; Clarifying the temporal and spatial changes in the trade-off and synergy between ecosystem services and its
influencing factors in the Loess Plateau (LP) provides the basis for a hetter understanding of the interaction of ecosystem
services in the background of energy and economic development. It also provides a theoretical basis for the coordinated
development of economy and ecological protection. Using the partial correlation spatial statistical analysis, we investigated
the spatio-temporal variation in the trade-off and synergy between ecosystem services ( net primary productivity ( NPP) , soil
conservation, water conservation, and food supply) and analyzed its influencing factors through the study of Grain-for-Green
Program ( GFGP) and non-Grain-for-Green Program ( non-GFGP ). We also assessed the effect of terrain slope on the
dynamic changes in the trade-off and synergy during 1993—2013. The results obtained were as follows. (1) Various kinds

of ecosystem services in Yanan have different correlations. We found that food supply and soil conservation, food supply and
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water conservation, and food supply and NPP have a trade-off relationship. There was a synergistic relationship between
NPP and soil conservation, NPP and water conservation, and soil conservation and water conservation. (2) In addition,
between 1993 and 2013, this synergistic relationship showed a downward trend, whereas, the trade-off relationship
demonstrated an upward trend. (3) Furthermore, a comparison of the dynamic changes in the trade-off and synergy between
GFGP and non-GFGP showed that various ecosystem services in GFGP have a synergistic relationship, and it continued to
increase, but it showed a conflicting relationship in non-GFGP. (4) The conflict between ecosystem services in the area of
15°—25° was obvious, but in the area of > 25°, the synergistic relationship was evident. (5) In terms of the synergistic
relationship between NPP and water conservation, the strongest evidence was found in the north of Yanan and the lowest
was observed in the south. Moreover, the strongest trade-off relationship between NPP and food supply was in the north,
whereas, the weakest was in the east. While exploring the trade-off between water conservation and food supply, we found

that it is the strongest in the southest of Yanan and the lowest in the north.

Key Words: Loess Plateau; Yan'an; trade-off and synergy; Grain-for-Green Program; non-Grain-for-Green Program

RGNS AR RGO BN AR N80 LA AR RUR 1 H AR BT 25 SR N
sl BN AE S RGBT R . MA TARES RGP A S RGNS 153y R AL FE A B
P FROMEIRNE SRR 55 R AR K SRR I 55, TR R | SRR A5 A Y i 55 LA AR PR R
M LE SRS D A IEB RGNS AR, TR AH ELR 00 (4, AL Ik ST A A A G
FAAEIE 2RI PMEDC R Sl W JAE B R GRS Z A DC G R | Bk — B B A S IR 55 22 1) (4 T e
AR B ARl 7, T 4 i AR AU Z S H 4K, B AT ZFES R GRS Z AR R E LN
NS RGNS IR, [ A 238 30 T A2 S R GE S5 AU 15 3 [ G R EAT TR ARTSE, e L 26
TR P A A5 2 ) ROBERGE B9 05 3% RS AILTR] BHFSE 3 LA AR RS IE S, Cord 4617 RGEIIA T 42
BRGNS 55 PR Y 22 5T 057 I MUA R D7 1w, B X R 5 A 23 8 AR 25 AR G i 55 B L4 4K 5
R ZUIREMR 55 B BRI LA R A= AR A BN DS S B 1 TR RIS, 5 i 1 AT 7 AR R ) S B 1)
W85 Richards " $R5E 1 HF ST IR X AR 38 R GE IR 95 15 AR BT KR Jie 22 ) (AU 6 3%, SR A SR A £k 43
BT A 35 5 e 5 45 A A AR =2 B A8 BT 5 10 ) 56 R 5 Miichael 281 SR FINE 2050 AF A b A 77 i - b ) FH
A3 7RSI M OF T AR P RCR S BTGB A AN A R 3 AR LA S 2 R TSR AW AR B 25 F T, £
Ho R FHZE A AR AL 5 Al S =B A e 23 AR fE R 35 Addams 55 7658 U 5 HARFIITAS C A 16 Sty Sbmh 1, 456
PSR 2 Ml e LSS 1 5, 92 B L b B35 R FH AN 23 SR8 1 AL T 2 ; Trodahl 457 56T LUCH LB, 8 5%
BV 22 e eI I K B S Al A 7 ) 2 R B AU 5 DRI G 3R  Tolessa %8 5T T 1973—2015 AFRIEM LI
Pl ey S X R 5 A R AR AR AR S R G A5 WS, 45 SRR AR o A 2 R BUE S RS
SRR, FERI I E TR JFAEMELS AR 2 0 55 A 8 R G SS s 2 A5 X A 25 R G R 55 AU Al

FE AL A S AMEAE AU D S A0 A R R A%, O HAA K AR S R G IR S5 AU 22 RUBE SCHK RS R SE IR
S-SR E RS RGNS T 9 S AR AR A S R G IR S5 A R 5 1 T A UK LA O BT R A
FE, HE— PR T AR A R G 5 WM R ) A SR R 3 S P 25, AP AG O AL St AR 45 (i AR 22
RR T A3 RGeS AU B XA O 1, 307 LRI AR AL 5 A S R G55 (190G 5 5 Li Delong 4512 XK AR
BRGNS W2 BIRSIHEAT TR, S R OK AR S A L5 B PP e BORIEAL X UK E IR 22 25 B0 B 2K i
LGS O S T BIARSS & WP A BRAE 5 — R — T U XCBROK AR 5 I 55 26 42 T 232 BRI sh R | &
HRIE THOKAESRGERFS ML SUOKAE S RGN FEZ A 9 5CR DL SRR AE S R G55 T & 0] T i B2
SUE H RS R GRS AU S5 R 5T OB 1 A 0000 B R 7 T o, A 7 — 4 i) SR Sy B 7] 0 A
5 D RIWT I 2 56 T 41t 5% AR BB 70, B Z A IR P 81 AR 25 2 55 AH OG5 R i sh S a3 A 0, AR IX.

http ; //www.ecologica.cn



10 41 INEAS A IR A A R G A5 AU 5 DI R 23 A B DR 3 3 AT ——— LA SE 22 T g 1) 3

S 2 (] 22 5 35K 5 A SRS W S IR S L e 2 1 R ARBIETE , JUHAEAS TR 25 ROBE T AR 58 A 17 3l 0
A 2SR 55 B SRR RE IR 2H

AR LA B g D SR DX SE L2 T DAy 051, B TR RUBE RN DX LR 25 R Rl L AR 52
VERCHE TP 1993—2013 ARIEZ 11T 4 Bl A2 RGUMR S5 M (B (R0 9 A 7= 0 H IR FF K IEIR IR R W)
fas) BT R AT RUH S BT eR BRI A 25 e 55 22 1] B ASUAE 5 P ) 5 2% SR 2R T A% oo (i 4 5 2 8] 2 1
TSI 5 PIBR] 4 An 2 Je A MU 5 S DI A A RO L e i 12 334 52 A B2 ok A JFG gl 28572 A1 1 52 i 1A
R, R AE AN R BORAE BRI T, 45 XSAE AN ) = R R A A 7= 07 2R AR S R G0 IR 55 AU 5
BirIR) 5 2R B Sh A AR AR, S AN [R] DX 7 7 B ) M B e SRR (AR Bl | DT 52 B B vy Dot DX A R 2
OIS R

1 RN SHERR

1.1 AR IXHEAL

B 4 AN TR R R HOR A TR R HIA X NS AR X BRI T R 4
TAEBAAIAX (E 1), Hub TR S K R ™, A SRS, AR T T R
FATB (& 2) , 28 B ik 35°21'—37°31'N, 107°41'—110°31'E Z[f] | J& T 2 S M6 R 2 h e 7.8 A
0y, 5 AAFE BRI Y 57% , Fe i vl 203K 39.7°C , MEZTA £ & M FE R, Hod i A KRR
AR MG Tl & R BRAE T R S B SR AR A A5, BRI & i [ Bt s o T AR 2 AR A IR In) i, A28
KR E B &R, 58U AN 55 09 A S 308 H kAL,

1 FREER
Fig.1 Study area

1.2 Bk 5 Ak

AR S F B SEB A FE ERO R s  DEM BiHl | - B DL R A% et £ 8 T s 55 - (D B
P, N a8k H P2 B 5E = (hitp . //www.gscloud.cn ) iY Landsat5 fll Landsat8 TM 3214, %5 0] 50 B8 4 30 *,@
SGHE, oK R L H BRI SRR T b BRI ZM (hitp : // data.cma.en/) ; ODEM $iz , [ FF
I3RS (BRI = B 38, 23 () 43 B 30 oK @ 4% SR T b [ B KB B 1100 J5 138 R AE WS RIEL
PR Ot & TR RIET 1993—2013 FEEL TSR ((EN R GHFRELE) (CHNESEHEE) 55

http ; //www.ecologica.cn



4 JAE = 39 %

@ AT B I B K Z2 55 0 BRI | R 11 R SRl
M BRI

2 MIRAE

2.1 HBFRI G S

MBI = T (NPP) S I WA 25 R GE R 55 2
RER)— B AR, (B BRI A S B R B T
A IREE L K NS Sh XA 2 AR R, AR
KHYERERIH CASA BRI NPP EAT 4558, H AR Al
LU

NPP(x,t)=APAR(x,t)Xe(x,t) (1)

R NPP (x,0) FERARTC « 16 ¢ I 1H] N A R0 9% 25 77 )
(g C m™);APAR (x,0) Fll & (x,1) 435 FR NG TC x TERT
6] ¢ 9IRS A AR S (MI/m? ) RS2 B g R
F(gCMI™),

FF NPP s i, A 6 [ B P M R AT,

AQ,

“ 50, x
i,V NPP HMER (J8) ;4 5 NPP Wi fa (1 C hm™2a™") ;B WARIESE R 5L, B 1, P K B bR AR (JT/
1), B 345.5 50/1;Q, Fon TEITG I BL6.7 KI/g; Q, MArfERIT& #u B 10 KI/g,
2.2 hHERAFRERR

i3 RUSLE FE Rk 5 4E 22 T 3 (R i A0 S R, e, B A i

B2 ERWIRHEWEE ST E

Fig.2 The distribution of Grain-for-Green Programme in Yanan

V

P (2)

A, =RXKXCXLSXP (3)
A, =LSXKxR (4)
Al‘ :A[J—Anl (5)

A, R SRR R et (thm™ a™') A I TE TR 5 (t hm™ a™') ,A K P2 R R (1
hm™ a™) ;R KM F (M) mm hm™ h™' a™') ;K A RIEEMEF(th M) mm™) ;L HBH TS sk
JEHE T C MM E S T P oy HIE ARSI T, & B PRI AR 22 DUR 3Gk

IR R DR R EAC (B D e b PR A0 (L Al 8 AR 2 A0 (A 21, BT
K.

E, =M, xS, xP, E =M, xS, xP (6)
E=SxB S=27x100/(h xp) (7)
E, =7 x24% x P, (8)

AP E S IR B IR (T8 hm?) L E, D A IUR M (T8 hm?) | E R0 - M5
FME L (TT/hm®) L E, 0+ HER B (T /hm?) M 5 B BIRRRRE (/hm?) | S, 09 50 B 4 g
I 25, PR B BIIEEH S (TE/0) M, A BUR I (Vhm?) |, P A LS AR (/1) , S, A M
A B R, S WD L R S R (hn) L B R L& AR (J8/hm?) 2 B (Vi) L hy
BHERIERE (em) B 0 HIATE (g/em®) P B KIERR I (J0/m*) .
2.3 KRR

ARG EK BTN B R %75 18 T MO R I 2 S 2 B 3 A I, 5 B
LU/ N

http ; //www.ecologica.cn



10 INEA A B R R AR S R G S5 KA 55 P [R] e 2 2 A e 5 PR 28 3 A —— A AE 22 T DA 4] 5

Q=0 +0, +0; (9)
K, Q HEKRES, Q AMITEREE &, Q, WANEE IRk 4, Q3R KK &
T TR AEA R A AN (i
Q
V—LxQ—ngg (10)
A, VORI FRK IR E R, Q HRFRKIED TR, Q, VRS R G TR MK &,V B AT R E,
LR KRB B R AL,
2.4 EYHLL TR
BYLE RS BB R EIEA I HAEZWIRS , AR B XY F5 K, i R 84t 7R 2F
YGRS T o AN SCES G R I ANGE T S I ST X N 45 - R T B B ) S E, S
ey, HEAXIT .

N Fi 11
z_ST_ ( )
G, =A, xN, (12)

X, G IS DS BT I B B @ BB (T ) A, A& S W i AR IBE 94 - ) 1T 26 28 1 T AR
(km®) N B i BEAAAE (JT/km?) o FOREYETA, S, % LR SR S AR . b B il
(TR 200 DA e A S W [ W N EATET A0S D YA S W[ R YT 208 D S W [ W @2 1T 20 PR (R S W [
2.5 AU MR S R SE T T ik

BRGNS BA 2 3 S T, — R iR 55 A8 Ak 25 5 ) o) — Bh iR 55 &2 2 Al iR 55 i A8k, BRI,
T AR HERRASAH DGR 2 A S0 b 0B PP A A IR S5 Z A AR DG OG R | BV AR DG 28T o 3 HLFRAT 125 SRAF R /K it
1 NDVI XA 25 R Gu 55 8 A EA ZeMER2 ), BT DLIE A8 7 R 3 P B 25 oK NPP /K J500 73 R0 B ) ik 4 = el
A5 R GRS I Z A A DG R 5 IR G R A T3 R R 25 T MATLAB SR /FF 5 5280, T HAA 5L
W,

(1) HHEAEFREL

> (ESl,qy —ESLgy ) (ES2,.n —ES2¢ )
n=1
Foay =—— n (13)
JZ (ESL,.cp = ESLeyy )? X (B2, = ES2¢;,)°
n=1 n=1
(2) T —G A 25

Tagd ~ Tiag Taag)d
Tnaagp = - - (14)
(1-r 13Ci) ) (1L -1 B )

(3) T A R AL

Focsy = Tiasap ~ Twusad Ta3G) (15)
(=7 s ) (=7 sy )

AP ES1 ES2 53 iR MR A= A8 R G55 5 r AR A A R G55 IR O AE DG 22 80 AR oA
GGG s n AR R TS 5y ) ARRAEBE K 5 5 NDVI Bk A= A2 AL | EST ES2 1 AH 5C 2R 4L, 1) BESR A5
Fis oy Tosc s Trscy Tosc iy <Tast iy 31 - T EFAE AR A AR B BF | WR A 25 RGE MRS 4EA4TE i - f— St
KRB RIHLRAT 1y Taa 37 o [CRAEFEKE S NDVI RGN T, IR ARG5S 1E120C i L —
Pl R, i RIS AE S R GRS A R R WE . A >0, IR AR S R G R S5 Z 1]
SUFSCE s r<0, IR BT 28R 55 Z (B SR AUT I ZR A r= 0, W R 28 A 25 I 55 Z B ARG K &R

http ; //www.ecologica.cn



6 S % 39 &

3 GRS

3.1 EB RGBS P E S b

ASCHET RIE T BIAHE I REIR T AE S R GRS Z M B S PR SC R il ArcGIS 1Y Sample T H
G336 1993—2013 A 4E22 1T NPP B KR SR TIOR3 DU Ah A 25 R GE M 55 I E HEATRE R B2 4R
BUS R K2 SR G R H Corrgram PRELFT Scatterplot Matrix PREY , 18 33 DFIA I ATHES A B K Ron 84 S R G IR
55 INREZ R AAR DG, EDFE | I (R R IEAR G, 21 (0 36 R (iR G, o0 B % 15 I 1172 A AR S M G
P = A BT B G & SORTT = A TS AR ], (ERR SERE BE A K /N B DRIR B R e (0 Tl R 22 /D ok R
4, R G B R I SEL 70 A TET BB 22 | TE A OGP AN 12 A B A It b 45 1 S 0F R, 6704 O D)3 B 4y 1) 3L 5 1
B, FEHICS B R 3500 R 2 A% 2 B 2 T, 30 A 4 T SRt il DU A S 20 1, A TR R i LA il %
WA 2ok R R A B R GRS MR BORES

BRA R G MRS5S Z 18] (14K 5 1 It T s (]
3) , BV S R AR KR TE L K NPP ¥ 2 M
5%, HEWIs 5 NPP By A SCRR L 45k , NPP 5 1 5
TR KR FE 2 [ SR ARG, HK M #5 NPP 2
[ 14) 1A O fe i, HoR 3R 5K IR SR AR Rl B
HIIEARSE I A 25 M 5 22 18] 19 78 Ak 56 R st
IR (E 4) ,NPP 5 HHELR-EE NPP 5K RS | +
B S /KR 75 22 [0 #6025 W S I 2 386 o ot 4 ) 7
o Z5REY NPP 5 HIELRFE NPP S5IK IR+
R 5K PR R G 2R s B 4h 5 NPP | 1R
R LA BOK WA F5 A5G Z2 o 3 AT 2L s B R 2T, NPP
T IELRFERIK PR TR TR AN (2 i (PR b X3, B P ik 2
THREFLSS s T B HE M DI RE R R i Bk b X S5k, NPP | 4358
PR IR 2 M 55 055
3.2 RS ARG IS AU P R T S A2 Fig.3 The Pie chart of correlation between ecosystem services in

LA 1993—2013 4 A i 8] J 4], XFAEZETH 4 FEZS yanan from 1993 to 2013
R 55 M (A 55 H R 6 R AT sh A a3 b, 28 SR an &
5 FR, B A C R T 0.05 A . AT U H 1848 T 45254 725 2R 0 il 45 AU 5 B [ R
KA T — Ak, LAV R RR B 1 sh AR Ak e o A i, U sh R B AR, AR R T Rk 34, Horp  NPP 5 /K Ui
F2 PRI DG 2R 0015 B BE A, U SR R W T NPP 5 IR R 5K IR IR SR R G R Y R R
RN, W AR SR BOM R . NPP 320 IR T ARAREE 5 DX el 8 (1) 4 AL I £, T o A4 7 i DXk 1
SRR A A e, HROK R A 77 32 2 A7 W 7KOR - b 7 55 78 Ak B I, S 25 (e e v ) XA v, Pk =
2 6 ELA B O UMRIVE T 5 55— D T, A 25 A 45 A A R T U0t 0 R /D 2 R o G AN TR 1) e e, LA /K TR
T 75 I R 2 A R 0 1 e o BH B T SO 5 B W R 48 AU G 2R T S R A/ S BT R g i
e, HIK NPP S5 EWILA A vh 28 56 R B W, EASIERE n , B T 0 (45 40 (8 5 AR AL il Aol
F TERE L DX Y (A s, T NPP B s B, I AASUE 7 B 4, 22,20 AR BT AR S R G R
55 e (R 3 B R AU Jon it b1 [ ek 553 P i
3.3 IRBHEM AU S5 F sh A AR A 5 M

IR BRI 5 2 3 e XA EA R ) L MR A T AR AR R RS AR BEIK R A | AOAR - bR 5
J5 30, R S Th R bR sl R X2 X A S R GRS T RE A T — 2 iR, R, SR BGRBRA AR X R

3 1993—2013 FRELZHERRSERSHEXEGFRE

http ; //www.ecologica.cn



10 INEA A B R R AR S R G S5 KA 55 P [R] e 2 2 A e 5 PR 28 3 A —— A AE 22 T DA 4] 7

we

NPP

B4 1993—2013 FERTAESRERESHEXEE =B
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Fig.5 The dynamic change of correlation coefficient between ecosystem services in Yanan from 1993 to 2013
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Fig.7 The dynamic change of correlation coefficient between ecosystem services in Yanan
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Fig.8 The distribution of correlation between ecosystem services in Yanan
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