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Measurement and warning of agro-ecological coordination in China’s ma-
jor grain-producing areas based on ecosystem service value
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(1. Research Center of Central China Economic and Social Development, Nanchang University, Nanchang 330027, China; 2.School of Management, Si-
chuan Agricultural University, Chengdu 611100, China)

Abstract: There is a special relationship between regional food production and ecological value. Based on the para-
digm of ecosystem service value (ESV) , an ecological agriculture coordination degree model was constructed, and then the
coordination between food production and ecological environment in major grain-producing areas ( Hebei, Inner Mongolia,
Liaoning, Jilin, Heilongjiang, Jiangsu, Anhui, Jiangxi, Shandong, Henan, Hubei, Hunan, Sichuan) was studied and
predicted. The results showed that the overall coordination degree of China’s major grain-producing areas was 1. 27 in 2017,
which was at the level of moderate coordination. The agro-ecdogical coordination in major grain-producing areas was poor,
and the dislocation was serious. From the perspective of dynamic attributes, the agro-ecological coordination during the
study period formed an inverted U-shaped trend with 2013 as the inflection point. The coordination between current food
production and ecological service value was declining year by year. The gray system GM(1,1) prediction results showed
that the coordination in 2019-2025 was gradually weakening compared with that in 2011-2017. From the perspective of

spatial attributes, the value of food production and ecological service was not coordinated in geographic space.
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Table 2 Empirical results of agro-ecological coordination degree in major grain-producing areas
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Fig.1 Ecosystem service value and grain output in major grain-producing areas in 2017
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Table 3 Reduction value and accuracy test of total grain output and ecological service value in major grain-producing areas from 2009 to 2017

WE R & (TGCO) HEBRGEMFSME(ESY)
AEAIN — N N — Ny >
SN2 bR g 5z N SERRAE B s ——
(x10* t) (x10* 1) (x10* t) (x1077C) (x10778) (x10778)
2009 39 710 39 710 0 0 847 149 847 149 0 0
2011 43 422 43 036 385.17 0.008 9 1209 033 1 306 653 -97 620.33 0.080 7
2013 45763 45 669 94.64 0.002 1 1339 311 1 322 854 16 457.19 0.012 3
2015 47 341 48 462 -1 120.87 0.023 7 1 254 207 1 339 256 -85 049.50 0.067 8
2017 52138 51 426 711.85 0.013 7 1184 525 1355862  —171336.77 0.144 6
151 =5.0
141 — ] 1 | 40
o 13r :
2 12f 13.0
ot 3
= 1.0f 120 W
% 09k e A -~
: ==l 1.0
o [
077000 2011 2013 2015 2017 2019 2021 2023 2025

Ay

O ABRGIRSE (ESY), — 80— ol S B (EAH); = Ae= RO -EASYHARE (EAH) T

B3 HREEFFK 2019-2025 FERRSMNER K -4 5 HE B

Fig.3 Prediction of ecological service value and ecological agriculture coordination degree in major grain-producing areas from 2019 to 2025

FEPRUEAUR | 1845 [ SR IR R LR R AR X AR 1Y
AT, T AE AW SR E TR m,
A4 B A5 2019-2025 4FE iR T A
R AR E AN EE e T KRR L&
W5 R ARG GM (1, 1) A5 780 (8 1500 245 S — 3%
SRS R, B NSO & K RO
SEINFN B INGER , DA KO PR Gy SR AR R A B
IS [ L B A, SBORE SR B SR 36 B IR PRI
TN AT FREE W it 0 S A R I AR AR B 3

XA BRGNS M EAE2019-2025 4F-ts 5 Bk 14 1)
e MUK R G GM (1, 1) A5 AL (1 T 25
52021 4F 2023 4F 2025 4E R 70X A A R 5
MBS 5191.39% 107 58 1.41x 107 JE  1.42x 107 ¢,
LA 2009 41 R IEHEAEDY , 2021 4F 2023 4F 2025 4F
HRA 37 XA AR U 43 501 1,397 1. 207
1.061, 4 F H EEHM K, 52011-2017 4R34 —
GOSN %I o

B CM (1, 1) BRI T 45 5L | BB % A 25 0 55



B4 S TS R GRS (A R 27 DRl - A 2 DR R P S 55 5 T 767

I A FDRR EE ™ 1 ) ) 3 4 AR 280l 4k T
PR B A " BA B AR e, [Hm
ST BWINES A HE2011-2017 4, Pl B2 22 4k
i L AR X D553 , W7 28 DR B R 7 Ak 2 BRI
SR E R T E R AR SRS M (E
W R T AR E , Al -A2 25 PR 45 78 v BE B RIR

N

BN o

3 ZwHEER

3.1 SKiEZER

B —  NER S SRR ICE MR R £ XK
- SRR B IS, 2017 AEBRE TR
YL YLHRA, oAb (IX) PR & AR &S 1 7= 38 b
{F 38 17 76 RO BE R B AN, A b - 2 1 DG 1 A
25, WA EA I E B TSRS MEAIK A
AR AR E AR B AL A, BRI E
SRS (X)) A, B G IE A R R
FEERREE & A fa bl s A A5 IS5 M (L Uk B 35 v TR
B RO A (X)) AN NS W e
W7 LR A (X)), RN ESHIE R, BRNSE
AN A FAR TR IR 7R AR AR R B 1 [H]
BH AR B3 T T

O NS M MR A AT R
AR E =i 5 H PR 5 U &, 2011-
2017 4F MR B F2 77 K AL -A= A B B2 L) 2013 42
P, 2 I2011-2013 /& B Hr A A1 2014-2017 4F P
PAPENES 2 A B B B R IE . & (X)) Al
A UMM T BRI R B B 0 (X)) A SR
L7 FHAR BRIV LR A, s MR FE R
TREE DMK T TG4 Fh s BE MR K S5
H BE PR K

5= WAL -AE S MR B 2 R R B R E
Fr KRB A 5 AR AR S5 (B A7 AE H B 2 [ AR P
TG, ARSI E SR w2 050 5 0 3,
Ak i E A (X)) 5 7E BOE Vg L IX ) A2 287
B (X)) SR FER VTR B IX A= 25 -4l P
F1R) DX 388 A A i, S K T 3 e X 13 80 8 oy,
T X MR R A s, AR AU AR DX P e A1

S0, AT 25 SRR R 7 XA SRS
=S X ol ioF <E- M il N B XY A S B S LD ROV
SE RIS, TCie 3T A BRI 2 AR R R g ™
TR IR AR R e B R Y ORI

55, AR R G HAEE B TRE, Rl-EE7 1
PN EE T MR FE B AR 4 /N, AR - 25 P 8 B A e
FERCRG E MRS FEA AL T v B B 9 18 K-, D
2009 4FJ L HEAE Y | 2025 4F A= 2540 B I R Ab
T 1,061 F7KF, BEAR D ™ H R A 2577 1R 3 4 R
e T —20, B s ARl 5 A A5 & AL AL
3.2 BURBR

— R e R AR A S, R R
TR -A2 25 A AN IR M o AR U AR A A 7 A
AR IINIRES . oI, 76 SR R B B R
B A ) [R) B 0L e B QTR 32 X AR S A 42 ()
B OISR AR S BRI O/ B S B 2D
St E AR CR , Ky R RS a0 E R A
P B 5 A A IR S5 DI RE PR R SR B BT, A
R+ M A S BRI B R B R AR R 2" W
FHHUE], AR XA S ML, TS
TR A 1 b DN 3 Y 22 AR AR B A EAR T RETE
£,

TR B R AE A A AR DI RE X Y 7S ) A%
Jay o AR SIIE & B[R] R v IR 7 XN LA
gl R T m FEFHR B A RCR, S AR AL
g HPHar ., B s ARk, &K
JUAR B T2 DX Hp Bl V7 7 R TR A PR RO
A AT HFEE K REIE I, 11T T MR AR SR A
TR A A ST T R AIR B, ik
AP AR = ARSI MR R B, KT AR £
AR B 22 A T AT , 6 O T 7 R A 2 2 4 174 (] s A
FI < B R A R TE X B iR A 7=
TERE. dUJ7T IS R A SR < & gk
7 TN ) A TR B AR I ARG IA
33 MRARSITiE

LMl A= 250 FE K P AR R A 2
TP Pl R B R R A A
HAESREMS MERME, B TRE A==l
B8 —H o TR 6 TR A S 5 058 4 IR
Do MR RGE RS N HEE RS T
ESV gl A5 > d 57 THFR AR AR 5 (B R
Bk E 2 CEZEWIEM, N E AL 5S4
WS RN gy 3 Bl R B S AE D 4 5 5 Bk
F,2009 4EM 4% SR AL T 8AKK A, 2009-2017 4F
TKABFNZZ A% A W A2 3, T 2011 4F 2013 4F
2015 4F 2017 4 4F 50 kg KV 40 4% 7351



768

AN NI A

2020 4E & 36 % 3 M

82.01 7C.108. 81 JC. 94.23 7T, 82. 16 JC, ¥ U
RIAS A A HCHAARGY 2013 AR MEM AR K5
HUL2013 4055 s RECEH U B, 54 SR
F5 W[5 R4 2 AL T A A 55 44074 20 4 — 3
HENAE BT AL prokE | i 2B 87 A (E T

g

F AR ITHE , TR ESV BRIAFAE S R T B

Ik X R 25 B G S5 (LR MR R BE B TR
SE

(5]

COMMON M, PERRINGS C.Towards an ecological economics of
sustainability[ J].Ecological Economics,1992,6(1) ;7-34.
BROWN L R. Who will feed china? [ M]. New York: WWNortn &
Company, 1995.

TN - H - & (U TAERR) [ M]. B, A1 1,37
Jemt AR T7 A, 2011:80-114.

DAILY G C, SODERQVIST T, ANIYAR S, et al. The value of
nature and the nature of value[ J]. Science, 2000, 289 (5478) :
395-396.

EGOH B, ROUGET M, REYERS B, et al. Integrating ecosystem
services into conservation assessment: a review[ J]. Ecological E-
conomics, 2007, 63(4) . 714-721.

LAUTENBACH S, KUGEL C, LAUSCH A, et al. Analysis of his-
toric changes in regional ecosystem service provisioning using land
use data[ J]. Ecological Indicators, 2011, 11(2) . 676-687.
BIRE O RELAM=)2 NI, B8 EE T, 2004
(13): 60.

R, K ToRERER S S BRNEERIFR]] AR
R 215 ,2015(4) .3-8.

SRR, VISR B R SRS HA—R T RFH WAL
P SHIL)]. GRETFIF,2006,134(10) :57-60.

[10]

[11]

[12]

[13]

[14]

[21]

BET,E . ATHES TREREL LGP,
Ay 2T 115, 2015 ,36(5) :42-47,110.
AL kT AT S RIVAES TR S54SR E
JEL]. W ER RS X 4], 2005,26(6) ;42-46.

BREE RH REZ 2R TNAESTESBREL]].
T E R IEE,2012(4) :52-58,94.

LRI, 35 XUER. o A P - bR 9 B 22 53 K SR £ A
AR RZ [ )] bR} 22308 R 2008,27(2) + 112-120.

B W PERER SN STIR AT [ T]. 2 %K, 2015
(1):83-93.

HH FE B, T [ 3 [ A b AR A8 2 0P S O s (7]
HuIR 98 591 &, 2005 ,24(4) :79-82.

X, SRR N, P E KR AR R T A SR AT RS
[J]. %R ,2010,32( 12) :2292-2297.

fif B BRE,E WS RTESREMRSMESRER
LRERZRIREZAT]. AR, 2016, 27(1)
215-224.

T, Tk e B AR TP FE AR AR R B E A I R
FeAWL[T] AN 2T ,2014(5) ;23-27.

W, B R EEE, . M ETERMANASRSR
FUEAITE[T]. AT, 2008, 23(5) : 911-919.
KA, 5k T4, 9B, 5. ARILPIRE PAR X &/ A+
R RS G AR E RN [ T]. HE AL,
2013, 21(3) ; 297-307.

BN, & A8 A6, S RT RO EAESZFR
SRR EE Rz [ A T ). s ERRL 2 R 2014,33 (1) 1 1535-
1545

XU, AR5 5 2R A M, 2 T G R AR S A T R G U BT
M BEHEs EEA[ T] .0 AR 2524 ,2014,25(12) :3645-3654.
MR IKERGEGAM [ T]. I FERAL A2, 1985(6) :29-33.
KA FKRERE TR KREAT S5 AR ED 7T —
ETHESRGMSMEMNMAID] A R AR, 2018.

(HERB . REE





