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The coupling law and its validation of the interaction between urbanization and eco-

environment in arid area

QIAO Biaol’ z s FANG Chuang—Lin] , HUANG Jin—Chuanl (1. Institute of Geographic Sciences and Natural Resources Research, Chinese
Academy of Sciences , 100101 Beijing , China; 2. Graduate School of Chinese Academy of Sciences , Beijing 100039, China ) . Acta Ecologica Sinica ,2006,26(7) :
2183 ~ 2190.

Abstract: This paper analyzed the interaction between urbanization and eco-environment in arid area, and then deduced the
coupling function and coupling curve between urbanization and eco-environment in arid area systematically. On the base of the
coupling function and curve, we analyzed the coupling types and the coupling stages theoretically. Finally, we validated the
coupling function, curve, types and stages between urbanization and eco-environment in arid area with an example of Hexi
Corridor. Studies showed that the dynamic coupling relation between urbanization and eco-environment is mutual promotion while
inter-coercing course. This kind of coupling relation takes on a double-exponential function changing law, and the evolutive track
of the interaction between urbanization and eco-environment is a double-exponential curve. During the interactive coupling course
between urbanization and eco-environment, nine basic coupling types may be existed, that is rudimentary coordinating type,
ecological dominated type, synchro coordinating type, urbanization lagging type, stepwise break-in type, urbanization exorbitant
type, fragile ecological type, rudimentary break-in type and unsustainable type. The coupling system of urbanization and eco-
environment in arid area will go through five basic coupling stages, namely rudimentary coordinating stage, antagonistic stage,

break-in stage, ameliorative stage and high-grade coordinating stage. The interactive coupling course between urbanization and
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eco-environment of the cities in Hexi Corridor accorded with the double-exponential changing law, and the coupling tracks of the
cities taken on a shape of double-exponential curve. Jiayuguan city belongs to stepwise break-in type, and is at its ameliorative
stage; Jinchang city belongs to urbanization exorbitant type, and is at its break-in stage; Jiuquan city belongs to ecological
dominated type, and is at its antagonistic stage; Zhangye city belongs to synchro coordinating type, and is at its antagonistic
stage; Wuwei city belongs to fragile ecological type, and is at its fragile ecological type; Yumen city belongs to rudimentary break-
in type, and is at its ameliorative stage; Dunhuang city belongs to fragile ecological type, and is at its antagonistic stage; Hexi
Corridor belongs to fragile ecological type, and is at its antagonistic stage.

Key words:arid area; urbanization; eco-environment; coupling law
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Fig.1 The evolution types of the coupling process between urbanization and eco-environment in arid area
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Table 1 The index system of eco-environmental pressure exponent

ey =R RE ik RE
Item Elements Weights Indexes Weights

BRATER 0.25 AHKEFRER Total volume of water per capita 0.35

Resource endowment A #F# 18 #R Cultivated area per capita 0.25

AR BB FE FR Total sown area of grain crops per capita 0.20

AP E M B E B Effective irrigated area per capita 0.20

EEEHRE ESKRGER 0.25 B X& LS R Percentage of vegetation with green areas 0.30

Exponent of Environment endowment A B & R4 H T R Percentage of the area of parks, gardens and green areas per capita  0.30

ecological A B8] F K % 5 5. B Usable volume of water resource per capita 0.40

pressue EEENER 0.25 AXKLEHEEM Area of soil erosion per capita 0.30

Ecological pressure A BRKEZKER Areas covered by natural disaster per capita 0.30

BN 7K % IR 7= & Production value per unit of water resource 0.20

EHHMRE T’ Yield of grain crops per mu 0.20

SERBER 0.25 ATk /K HEB & Discharged volume of industrial waste water per capita 0.40

Ecological menace ATk SO, HEM B Discharged volume of industrial SO, per capita 0.30

AB Tl 42 He B B Discharged volume of industrial dust per capita 0.30

£2 TEEBMERTESENEY

Table 2 The eco-environmental pressure exponents of the cities in Hexi Corridor

£H Year 1985 . 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003

UK Jiayuguan 0.587 0.58 0.561 0.565 0.586 0.589 0.617 0.613 0.612 0.607 0.626 0.592 0.592 0.579 0.572 0.562 0.533 0.512 0.497
£ BT Jinchang 0.556 0.556 0.554 0.54 0.544 0.544 0.532 0.547 0.546 0.55 0.554 0.543 0.549 0.517 0.516 0.526 0.524 0.519 0.514
HRW Juquan 0.372 0.37 0.374 0.375 0.375 0.379 0.375 0.372 0.373 0.379 0.391 0.386 0.387 0.395 0.413 0.424 0.445 0.411 0.415
KT Zhangye 0.305 0.308 0.305 0.311 0.313 0.307 0.344 0.316 0.33 0.334 0.354 0.327 0.326 0.329 0.346 0.344 0.405 0.366 0.346
BB Wuwei  0.456  0.439 0.456 0.471 0.475 0.484 0.48 0.483 0.483 0.461 0.489 0.479 0.481 0.474 0.483 0.49 0.454 0.468 0.46
E{TH Yumen 0.493 0.491 0.484 0.485 0.482 0.478 0.474 0.472 0.477 0.486 0.477 0.475 0.47 0.48 0.494 0.508 0.501 0.492 0.491
PUET Dunhuang 0.324  0.336 0.347 0.36  0.368 0.377 0.346 0.387 0.374 0.368 0.415 0.453 0.445 0.419 0.464 0.475 0.465 0.442 0.489

FEE R
Hexi Corridor

0.456 0.449 0.446 0.446 0.446 0.446 0.455 0.448 0.453 0.457 0.468 0.452 0.452 0.45 0.458 0.466 0.465 0.447 0.444
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BT, BRI Ty IR 8035 s B FARASRTT B4R 8GN o MBUESRE , BT > AT > W 75 E K > U2
M>BERHT>HKAT>LEBET > EITH. XE5EMTESEN RMATMKFHEHBREES -, U LER
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®3 TEHEBEBETHRHTALSESHRTERSHNEHENFE
Table 3 The double-exponential coupling functions between urbanization and eco-environment in Hexi Corridor
ZHBEEBERR

W City m n P a b The double-exponential coupling functions

FWA%T Jiayuguan 0.6014 1.2025 0.5269 0.1484 0.9773 2= 0.6014 — 1.2025(105 8% _ 0.5269)?
& BTl Jinchang 0.5535 0.188 0.4064 0.1632 0.5064 + = 0.5535 - 0.188(10°015F _ 0.4064)?
TR Jiuquan 0.5548 0.9584 0.3521 0.0752 0.3478 : = 0.5548 - 0.9584(107555 _ 0.3521)?
T Zhangye 0.5746 0.8715 0.3258 0.0966 0.1587 2 = 0.5746 — 0.8715(100%% _ 0.3258)?
BB Wuwei 0.5190 3.8677 0.1695 0.0351 0.0801 2 = 0.5190 — 3.8677(10°395T _ 0.1695)?
E1TH Yumen 0.6378 0.117 1.5496 0.1041 0.7299 2= 0.6378 — 0.117(10 59 _ 1.5496)?
¥J2T Dunhuang 0.5946 0.9686 0.5678 0.1281 0.2735 2 = 0.5946 — 0,9686(10’3‘.’%?’ ~ 0.5678)%
TG Hexi Corridor  0.5239 1.017 0.1263 0.0901 0.2358 2= 0.5239 - 1.017(10F80 _ 0.1263)2

3.3 TFEERRT S ARSI E A IS B0l 4 B K iE

HRHE B R B XU B R 007 78 , A matlab 6.5 AL M & REM K, T B 2 B, dE WA, 7 fE R
BB S £ F G PUE 2 I SRR R BT R WA BE BRI ALK PR E, T
TR, R TRE AN B AR AESENRE, TH RSB, MR R i MAESKGEE
BT s WA SR BB AL BB R R E , TH ST 5 5 — M REIR T 4L 2K - 9 38 0 77 2% AR 48 K
MBS, X5HBE BT ESEBERT RBRAE LA —

3.4 TEERRTSESIRRERERE KRS Y B A B

RIEE BT RT A S E ST LG & 5 TE R FEF R A S E I RER K F B, B4
EERTHESFKE FERFFR LS RBER SR AT AL RN B %, 7T LUK W& 3R
BHHSAESHRNRERBEFLEHBEHE.

FIRRT MK FER, TYE2FRE ASENBEES AR ESKEYRAEERAAL. WHE
FHERE, BRALARK, AUETELEER ., £ 192 W, MTTHEERR, £ E S0 8k
RTHE. HTFES#ABRTNRBARBNE, ESHERHEEFEWNAE ASHRBA K MTRE,
Ht, BRTA THHEB B :

EEBW WMTE NI ERE, T RFRZESENERSRR R A afEAEE, ABaHmR
RE BRBAEK, HWRTRITAENE, £ 19 N, BT EERR, ESEMmrEk, HEER
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MrBLo
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Fig.2 The double-exponential coupling curves between urbanization and eco-environment in Hexi Corridor
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