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The construction and application of an agricultural ecological-economic system

coupled process model
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Abstract: Basic and extended coupled process models of an agricultural ecological-economic system were set up using
system evolution theory and Thames’ coupled model of vegetation and soil erosion. The model revealed the interactive
process of agricultural ecological-economics and showed the critical point at which the agricultural economic system impacted
the ecological system. This has important practical significance for the utilization of agricultural resources and the
development of sustainable programs for the agricultural ecological-economic system. Based on more than 20 years of system
evolution information from the Zhifanggou Watershed of the Loess Plateau, key parameters (k, ,k,,k, ,k,) which revealed
the direction and intensity of interaction between the agriculture-economic and ecological systems as well as adjustment
parameters (;, ,c,) which indicated the evolutionary track transformation of the economic and ecological systems resulting
from significant behavioral processes were calculated. Then the coupling process model was established to reflect the
coupling process between the agriculture-economic and ecological systems in different situations. The results showed that the
evolutionary speed of the agricultural-ecological system was negatively related to the state of the economic system but
positively related to the state of the ecological system. There was also a positive relationship between the evolutionary speed
of the agricultural-economic system and the state of both the agricultural economic and ecological systems. The critical point

of self-regulation for the current evolutionary track of the agricultural ecological-economic system in the Zhifanggou
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Watershed was en(z) =1.22 x el(¢). At this critical point, the evolutionary speed of the economic system was 0. 051 X el
(t). which means that under the conditions of the self-balanced ecological system, the economic system reached its greatest
evolutionary speed of 0. 051 x el(z). If the systemic circulation and the “forest and pasture resources-animal husbandry”
chain network continue to be perfected and strengthened, then the economic system function could be enhanced within the
framework of the threshold of the ecological system. According to the “Rotation Pasture and Barn Feeding” management
systems, if 300 sheep were raised during the early days in the Zhifanggou Watershed under the potential grazing capacity of
500 sheep, then the calculated values would be 0.557 for o, and O for c,. There was no significant effect on the critical
point of self-regulation for the agricultural ecological-economic system, and the maximum allowable evolutionary speed of the
economic system was 0. 073 x el(t). If the “Grain for Green Project ” were stopped and the reclamation was emerged, the
function of economic and ecological systems would both fall. We hypothesized that if the “Grain for Green Project” were
cancelled, the conditions for farmland in the Zhifanggou Watershed were slightly better than conditions in 1999, the
calculated values would be 0. 1 for o, and —0.386 for «,. The critical point of the ecosystem self-adjustment changed to en
(z) =0.69 xel(t), the maximum allowable evolutionary rate of the economic system changed to 0. 047 x el(¢) , and the
unit ecosystem function was weakened. To this end, we should stabilize the “Grain for Green Project” , promote the
efficient utilization of agricultural resources, and upgrade industries in the region. Only in this way, can the agricultural

ecological-economic system achieve healthy and sustainable development.

Key Words: agricultural ecological-economic system; coupled process; model; critical point; Zhifanggou Watershed
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den(t)

5 =k x (L) xen(1) +k, xel(1) (7)
%:@xen(t) +hy x (1 +a,) xel(z) (8)

Eﬁﬁﬂvﬁﬂﬁé’éﬁ%ﬁ'—?iﬁ%%ﬁm%"ﬁﬁﬂt, (eSS EXIE,iIﬁﬂ%"ﬁHﬂL,al N2 E:Xﬁo (eSS I%*ﬁ
PEIEITIE S 2R GE T AL Pl B B R BE R A € , /T AT AR

ZA(aixi) ZA(bjyj)
o = ;=1m %‘naz:J:ln
2 ax, 2 b,

K ,ACax,) A(by,) MBI ERT AT EEFRZESESRGEME G R,
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(2) BIEsR B MRS, REFAAR) (2)BARK(T) . (8) TR R L ATETF REM BT
2.1 B XM

710 AL B BRI AR X A R X, JE TR — SR ST IR R R U, SR TRV A 1 BT
7 R 2% 109°19723" 464 36°51°30", J& FRRIRAF T RR KX, P 1 8. 27km” , £ 4K 17 14 . S0
FURH 3 MBI BN . e T R X BA BA KRR, 2008 44 562 A, AAETRE
435. 5kg/ N\, N2 5154.35 g,
2.2 kyky ks K, BB RE KO

FIF“70 4ERBRPE S RYTATIRAR N AE B2 REBMESHE” — WP SR (R 1), MR LA
AR BAE R (el (1) wen (1) ) HEAT AT, FBTE B BOS B 2T 401 (B 1), B R R A (1) ((2) [
= AN AN

YT, 1986 4E BN E 15 R A IR BRI SR AR, 1999 4R FF 1R St “ IR BHA AR (5E) T2, B LA
L 1985 4E 5%k, 4 1986—2000,2000—2008 . 1986—2008 4EHT X4y Bt FikS5(F 2) .

F1 KYATE 1985—2008 F£EFZFF AT BEXEIRE
Table 1 Indexes of eco-economic coupling process from 1985 to 2008 in Zhifanggou watershed

(9)

Ffy Year 1985 1986 1987 1988 1989 1990 1991 1992
el(t) 0. 3886 0.45 0. 4932 0.478 0. 4858 0. 5222 0. 5044 0. 5442
en(t) 0.2015 0. 1915 0.221 0.252 0. 2865 0.307 0.317 0.323
Vg 0.0158 0. 0160 0. 0161 0. 0162 0. 0162 0. 0162 0.0162 0.0161
Ven 0.0163 0.0169 0.0175 0.0181 0.0187 0.0193 0.0199 0. 0205
Ffy Year 1993 1994 1995 1996 1997 1998 1999 2000
el(t) 0.528 0.528 0. 5204 0.555 0.5526 0. 5856 0.588 0. 645
en(t) 0.3135 0.373 0.3655 0.3695 0.411 0.411 0. 464 0.529
Vo 0. 0159 0.0158 0. 0156 0.0153 0. 0150 0.0147 0.0143 0.0139
Ven 0.0211 0.0217 0.0223 0.0229 0.0235 0.0241 0.0247 0.0253
Ffy Year 2001 2002 2003 2004 2005 2006 2007 2008
el(t) 0. 657 0.653 0. 6564 0. 6702 0.6784 0. 6828 0. 6816 0. 6916
en(t) 0. 5275 0. 5375 0. 5485 0. 567 0.576 0.58 0. 6095 0. 6105
Vg 0. 0134 0.0129 0. 0123 0.0117 0.0111 0. 0104 0. 0097 0. 0089
Ven 0. 0259 0.0265 0.0271 0.0277 0.0283 0. 0289 0.0295 0.0301
el (0) RAEBREHPREM, en(e) RAETF REMPRSME, Vo RESREM B, V., RLETF RGP H
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R2 kykyky kg REEE
Table 2 k, .k, .k; .k, and its reliability

ky k, ks ky
Year BufE Sig. f BufE Sig. f BufE Sig. f BufE Sig.
Number sig. Value Number sig. Value Number sig. Value Number sig. Value
1986—2000 0.014 0.002 0.031 0.000 -0.031 0.000 0.049 0.000
2000—2008 0.049 0.000 0.000 0.095 -0.092 0.000 0.095 0.000
1986—2008 0.032 0.000 0.012 0.000 -0.050 0.000 0.061 0.000

B2 W AEH b, RO T, I B AEH 1986—2000 B B[] 2000—2008 B Bt & @it # rp , AR (B AR
KARIBAR(2) EBIZE RGN SN R A BE B i S8 R B A R R T, & R A H M ALt
ARG A BRI HIE A, 5 B R s /e R AR K, (B i FX —BF B el(2) >en(t) (£ 1), H Ik |
<k, |, BREF REMESREMFER/NTAES REMIKE M BIEM, &F REMED KRG M RIH1E A
SR A R AL B, BT LAAE S R AL B FE R N s BiE RAF RS, B REB RS, HERMAL
Xt 2B R GuE AL B AR AT AR IRV, H AN 1986—2000 F1 2000—2008 BiANHT B k, b, HIEILKE B RED
Pt 2 R G AT R HE RS , R RESENT 25 R AT R /R F7E 08, RN 2 (SR —45
WH—B0) £ RGN RERBA WA, &L= 5400 FEAMTE. H T 2000—2008 4F#f
Bt k, 1 Sig. {EKTF 0.05, Br LAvk % 1986—2008 4Fif Bt A 1E Ty [F]— A B T AHESEUE . #EE
YN

den(t) _ o 032 x (1 +a,) xen(t) +0.012 xel(2)
ds
(10)
%: -0.050 xen(t) +0.061 x (1 +a,) xel(t)
2.3 oo, BRSO

HTHE o TR EFITRIER VA K RE SRV ASREMIEER, X BIEHC ARG R(E

3)1 B AAR(9) AR,
£3 EHATERIESEFREES TR ERSE
Table 3 Index system and weight of agricultural eco-economy for Zhifanggou valley

FEG —H A5 WE Z AR WE RGP IR
Subsystem Stair index Weight Twain index Weight Weight in the system
EBRGE HEAB&MN 0.4 FEm R () 0.14 0.056
Ecosystem AR (y,) 0.32 0. 128
AEME IR (y5) 0.11 0. 044
MR (y,) 0.22 0. 088
AR AR (y5) 0.21 0.084
AR 0.6 PR A FAZEH (56 ) 0.32 0.192
NBFEAARH (y7) 0.27 0. 162
BOEHB LT (yg) 0.28 0. 168
T BB (79) 0.13 0.078
GWRG FeEAb A 0.5 M358l J1/ A4 558 71 (%, ) 0.15 0.075
Economic-system T fom T (E5K) 28 (v, ) 0.28 0.14
WA 7= M5 B IR AR (x5) 0.39 0.195
TR SRR (x4) 0.18 0.09
LRI 0.5 AR 7= T T T (x5 ) 0.29 0.145
NS (%) 0. 41 0.205
W TLHE(x,) 0.19 0. 095
V3 AE) 0.11 0. 055
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BINATIRER 3 L R E K, 3R RAT AR AR A 25t R G AL i AR i LR R A =B BHE
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(D ZLEAAEENB R LR BWERT RSN ESHEFERAREERE, I a.a, A0,
23R (10) 225K

dentt) _0. 032 xen(1) +0.012 xel(1)
del o
ed(tt) = ~0.050 x en(1) +0. 061 x el(1)

HREREHBERNERMEFRESESRENSGAE, Sir R b HEEEE, AKX ) KEHEE
Py N
BAN, 24 -0.050 xen(t) +0.061 xel(t) =0,Bl en(t) =1.22 xel(¢) Bt , ESRFEHEZHE N O, XEES

R H R O R 7RI A, vk B 90 0,051 xel(¢) , BIELE S B 5 A TG

de
FU T EBRRSEF RRIFERRE LS R IR ACGHEEE D 0. 051 xel(t) o
(2) AVPRE IS BIA A T BE Mol “ B + &7 A= 2 E I B B R EHERBRET
Ak, Horp 2% RS A AR EBOR R AR R PR L = A 5 VR IR ARG ( &) RF= SRR ( 25) B
A (%) , X IR R 4R, (IR T R UUE T RIEZPIE, o, KT 05 @AM E R, BT EER
GEHBIR AT E R ARVHEE RN, U ASRRES MR A S R EBREN, 0, H 0,
_0.195 x Ax; +0.145 x Axs +0.205 X Axg

2 a;x;

YLLK 2008 AR FEELHE 275. 3hm® , Horh A TFP 2L 9.2 hm® , 75 AkHb 385. 7 hm? , Forp A= 254k 321. 3
hm® . 23t 5L R KA TRORIT, R “fe 4l + &7 SR, LB &0, EREH R PR E 500
RES (P EBRE560 H) 28 T EME L, 3 B A R H, %I 300 HEFEen] D4R E R
B, B HFEFMIA 230 Jo, AT A 61410 J6(2008 4E&RFRFE 33 H) . #§ 2008 42 AN H, A4l A
BTN 109.27 TG, HeBGX —AHYE, WEUR M = b 55 5 W TR B A OC BE A7 S A R AR G B 1 MR EE , A ¥4k
WAREE, HEBF] @ =0.557,/A5(10) 25

% =0.050 xen(¢) +0.012 x el(¢)

o

N (12)
ed(tt) = —0.050 xen(t) +0.061 xel(t)

BB, AR RS A R R A SR, BT R RAR AV EACE A -

T A S R G BETE B 58 T 25 R

(3) 5 BB, ZEAE S L B LR, A RES A B . WRX —REM N BE, LSRR P IR
WEFR R N OB TR I AR RS B A T R AR E, I H o RIAE; RTFREHF R A LR K
M FEBE L BRI L B S B TR AR G BE T R R AR AR

BOE— RG], BB BFBCRBUEE , fi T B AT R B2 AR A 25 2 B R GRS # R R 2
R, N T RN A (AL 10% DL L), IF BN, 8 BT, BR T 25k AR 2 41, FE bk
BT FR A , 15 BT 1 A S 20 T, EL AN i3 SGR 13 L 1999 43R Bk RS AU — s /K7 (Y R TE X T
I B 1) R , W 7E AR KR B BETE Y ), BE AR R TR R (y; ) R R R (s ) (BRI TR B B
(yo) FREWE T LR (x, ) FRSAL/N, PEIAOM 7 b 855 BEIR B K () RO I HRARE] o, =0. 1,

den(t)

T =0.073 Xel(t) ,Elliz_‘
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a, = -0.386, A (10)75% .

der(liit) =0.035 xen(t) +0.012 xel(¢)

del(t) - (13)

dt
HAR(13) ATH, 2 en(t) =0.69 xel(t) B, EBRGEELBHER 0, WAESRG BRI ImA A, 1

-0.050 xen(t) +0.024 x el(t)

E_J_ de’:'i(t) =0. 047 )(el(t) i{igazu‘/\%mﬁavﬁggo
3 &g

ET—RARGIEH RGEA” HEAE  “ Thornes 3¢ THEBL A 132 B S 818 (Y S BE T 8 2 Ak A
BATREMA SRR A, e R A —2% " W E IR, HEL T REH AT RERIG
R TEART I B ) B PR 13X — Ao

LY TIBAN AT LT RGME S BRER T E XA RESE T AR REHMBINRY, &% /G XK

JREHHAEFT RGE A BRI RAHR S ESREFEAEE R A A B RELBRSESET R HE
AT BEFAES R E A B SIE A . WRIASRE SRIEFREXREY), I Bl @y B
HESRYE, BB L HAE LT o

AR ((12) MAK(13) B —AWHHES : BETES T 2 B sSBUH B HHEAREUCR , EBAE SRS

LT REBTEN RN ERBR, ABRESHEN ES RGBS HE R G &R 154 £5 63X 34

?\% H IR Wi A A BT RERTE G E W 1.8 £, FrLL, o Jite e B FHE AR T2, fRdE R0l
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