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Application of catastrophe progression method in ecological suitability assessment: A

case study on Zhenjiang new area

CHEN Yun-Feng', SUN Dian-Yi’, LU Gen-Fa''™ (1. State Key Laboratory of Pollution Control and Resources Reuse , School of Environment ,
Nanjing University, Nanjing 210093, China; 2. General Office of Chinese Academy of Sciences , Beijing 100864, China) . Acta Ecologica Sinica ,2006,26(8) :
2587 ~ 2593,

Abstract: Ecological suitability assessment has been listed as a important part of content in regional environmental impact
assessment according to < Technical guidelines for environmental impact assessment of development area > (HJ/T2003), which
only requires to set up three-hierarchy indicators system but without appointed approaches to integrate these indicators. In current
practice, several approaches have been attempted to apply, such as arranging and comparison technology, analytic hierarchy
process and fussy evaluation. However, due to the subjectivity in weight evaluation, these approaches are afraid of the objectivity
of their results. Catastrophe progression method is an approach dealing with multiple indicators integration, which is suitable for
the complex system decision because of its simpleness and objectiveness. With a case study on Zhenjiang New Area, the basic
principle for catastrophe progression method and its applying steps in ecological suitability assessment are introduced in this paper.
The case study shows the applicability of catastrophe progression method in ecological suitability assessment. What is more
important, through analyzing and contrasting the mathematical essence of the three above-mentioned approaches, catastrophe

progression method demonstrates obvious comparative advantages of two following respects mainly: on one hand, it does not use
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any weight, only need to arrange indicators in an order of important degree according to the inherent logic relationship among
indicators, this avoids making the subjectivity of the artificial weight evaluation in very large limit; on the other hand, as a
technological approach that combine qualitative analysis and quantitative analysis together, catastrophe progression method is not
only suitable to judge whether a piece of land is suitable for its using patterns, but also provide models to calculate out the concrete
number value of ecological suitability, and help to carry on the quantitative contrast of ecological suitability among different pieces
of land. However, what should be pointed out objectively is, in the course of arranging indicators in the order of important degree
and hierarchizing indicators, the artificial subjectivity in catastrophe progression method can’t be avoided completely, so it would
be necessary to combine other technological approaches to improve the future application of catastrophe progression metho('i in
ecological suitability assessment .

Key words: catastrophe progression method; ecological suitability assessment
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A1 SENFXEEGR
Fig.1 The overall layout of Zhenjiang new area
BF B AR 7=k [ Hi-Tech industry park; B Frfk 2 T Jb [@ International chemical industry park; #/1 H8 #} $% T Jk (8] Mechano-electronic science & industry
park ; H} 0 /il TIX Export processing zone; 970> & % X Center commerce and trade zone; YL /> ¥ 4 75 JiK ¥ X Central shoal ecotourism zone; 4% 1L & X
Mount Jiaoshan landscaped areas & 1L K% [X Mount Yushan landscaped area; % 111 5t X Mount Hengshan landscaped areas [ iLi K\ J& X Mount Chuishan

landscaped area; £ 7L Yangtze River; # % Yangzhong
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Table 1 Optimization functions of the 7 basic catastrophe models

RAERY BEHER REZR R

Forms Dimensions of control space Dimensions of behavior space Potential function
7 B/ R Fold 1 1 V(z) =2+ ux
4R MR Cusp 2 1 Vig) =x* + x® + m
MR R Swallowtail 3 1 V(z) = 2° + w® + m® + wx
B4 R Butterfly 4 1 V(x) = 2% + tx* + ux® + ;a® + wx
X Bl B SR A Wave crest 3 2 V(z,y) =2+ 3> + wxy — ux - vy
¥4 B B R A Hair 3 2 V(x,y)=%x3—xy2+w(x2+y2)—ux+vy
8 47 BF £33 % Mushroom 4 2 V(iz,y)=x*y+ v  + ax® + by’ + cx + dy

FIF 49 XA B R R BE B4 04T AT SR A B0, BB AR A B 5 0 B A BRIV BB R S — L R BB R4
ISR 0 ~ 1 BOBUETE B — B, [, I 20 AR T bR S 20 1 20 B A B ML L EET PR B 7E 0~ 1,
B — b, 4 X EATES RS,

e HA AR — AR %= CF my = cF

R THEA T AR R SRS BN

AR RENEEHERORRARSAN A — RS, MR TR — A REERRRHES.
S4B B R TE A — 5 RS 4 B B AR 25 2 B 18, 5 1 TSR o T/ B JEE ) 2
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REAZR TN B —4ESEEE  HENRFTHERKREEFRNIREREE,
3 ALHFRI WA BANESEEE TR
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Bl L R ARNASEEETFNRERAMBE, G FEN KBRS mx o SR, 53T 85 REE AN
HATHEMITFSN . MBEEESTARENXEIFN, LHEFEFE GIS V& L MERIE, B 0GFEREHK
S5 EBR RN R A B BRIG . IR G0 B R, AR IIF A B T 3 SE PR A AL R b R AT R 4. 1R
FETHX S, KR SRR 79 s, TI0R RgRI4 A 15 sk,
3.2 WEFMERER

KRR REER IEXBELERETFRHRINER, BE TR ERKRENEL TN ESHIFX A
SEEEFMEREREER, BPOLA S, B85S RR B 4 & 0L % KPR B 38 8UE BIR S HiFa
iR, WHRE BEXXBABZS W EEABF (X 2.£3),

F2 TLRAMESERETFNEEER
Table 2 Ecological suitability assessment indicator system for industrial land

— R IR ZRI5 R ZHRIER EBRNE
One-level indicator Two-level indicators Three-level indicators Remark
A A B, KSTFEEWE C, Air AUT VA RABEMR RS A ELHHRE

. J— i . The impact degree of industrial land on around air
Environmental compatibility environment impact degree .
environment

BE fit #48 FIBE B C, Distance away
from heating pipe network FR X 2l IR M Y9 8 1% A5 5L The progress in the
BEHF 158 P BE B C, Distance away  construction of infrastructure

from sewage pipe network

F#b$8E % C, Land use indicator THHARTERUSEHEHAFRLOKE
Land use degree to land condition degree ratio

+ #1214 C5 Land conditions I I8 F slope gradient

T AESERE
Ecological suitability of E A HE B, Infrastructure
industrial land Al

T HFF & %44 B; Land

development conditions

3.3 WFMIEmMERILSR
REBEERERBL, ZRIERWIFFSHN 4R REE EE EFEE AEE, WML T 16 R R1E, 55
H:3.2.1.0(F4). —REHUAIN4KREE EHE EFXEE FEHEES),
3.4 HIEmALFE
HNTHRAEBASHWBAGE B, FENEEIAPIE BRI, 5 REEHREHNEWRE
X RHIE 0~1 W,
(1) %o B K B o BUFE AT

X; — Xpin

X max min


http://www.cqvip.com

8

Wrrig %A RBOE TR SE B R e B A

.0 0 0 http://www.cqvip.com|

2591

%3 HHERBHANMASEEEFNIERER
Table 3 Ecological suitability assessment indicator system for commercial land

— R iR

One-level indicator

ht &4

Two-level indicators

= &

Three-level indicators

EBENE

Remark

3#3% i & B, Environmental

quality

HARBEALESE
H ¥ Ecological suitability
of commercial and
residential land A,

I fE & H H Bs Function
suitability

Bl 5 R B,

Afforestation and landscape

R R E Cg Wind direction

sensitivity

Mg 3 B B C, Noise interference

level

function overcoatability

S 3 F Cy percentage of
greenery coverage

AT RE B E % C; Comprehensive

FW B C,p Landscape goodness

KK B RABEREE Sensitivity to air pollution

FB 4 B A 7 3R 38 UL Acoustical environment

of residential land

TE A X EFRESHNEERESE

Complement completeness, including traffic, finance,

culture and education, medical treatment, etc.

b 5 L F 43 tE Greening land to total land ratio
AEEEEHE KR AR RERBEZER

Including vegetation multiplicity, water quality, vision

frequency, vision quality, etc.

F4 ANAEFEHRLIR

Table 4 value assignment of three-level indicators
P UL BERG)  EEQ)  EREEQ)  FEHEO)
o .. L remark Very suitable suitable Mainly suitable Not suitable
indicator indicators indicators
RN A R ERMAER. LAEAIRER ERENES R
R RmERE K5 R 8R W The leew::d side\ isE‘{IFﬂiﬂ! The Ty F#i The T ok A i The
Environmental Wind direction P2 Sensitivity to i A leeward side is leeward side is leeward side is
. s . A ecological and agricultural . , .
quality sensitivity air pollution land commercial and low-contaminated  heavy-contaminat-
an residential land  industrial land  ed industrial land
WAERRE J& 4 Al b B 3R 8 R B
Noise interference Acoustical environment of < 50dB 50 ~ 55dB 55 ~ 60dB > 60dB
level residential land
Xl M XBEFT
BARBERL GETRMEL RESNREREHE
BB HEE Feo- MEBEHE - .
i o K i Comprehensive Complement completeness, ., BEE — % Average B % Not
logical suitability Function suit- . . . 5% Completed f
. . function overcoat- including traffic, finance, Mainly completed completed completed
of commercial and ability . .
- ability culture and education,
residential land .
medical treatment, etc.
QSRR SHMEEE
Afforestation  percentage of BT B IE L Green- 5, 20% ~ 30% 15% ~20% 15%
ing land to total land ratio
and landscape  greenery coverage
AIER PR KR
AE AXEREEER
B Including vegetation multi- . i
Landscape goodness plicity, water quality, vi- # Excellent R Fine Bt Average B2 Not good
sion frequency,  vision
quality, etc. TR Y E
. LR Tolv A st 33 JE B TREAEST £ . HLRA
FEDAYE o pxr g | on DI TRBIRLR g e The leeward
B, Environ- . . . " #i The leeward #i The leeward - -
C, Air environment The impact degree of in- . L X . . leeward side is side is commer-
mental compat- . . side is industrial side is agricultural . R
s impact degree dustrial land on around air ecological and cial
ibility . land land . .
environment landscape land and residential
land
Tk ARG EEAENES FRREMREMER
E_E Fcologxcal HEEiRH B, C, Dlstan'ce aviay 1 Thfe progr(-?ss in the <0.5km 0.5~ 1km 1 ~1.5km > 1.5km
suitability of Infrastructure from heating pipe  construction of infrastruc-
industrial land network ture
BE HEVS B S BE B
Cs Distance away <0.5km 0.5~ lkm 1~1.5km >1.5km
from sewage pipe
network
T K& B 1 45 5 THMARRERU S
4
fBiland 0 ke indica. TERIFFRLMIE | 0.5~1.0 1.0~ 1.5 >1.5
development Land use degree to land
s tor - .
conditions condition degree ratio
TS 4 Cs Land #J6 3 BE (°) 0~-2 2.8 8-16 516

conditions

slope gradient
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Table 5 Ecological suitability assessment indicator system for commercial land

PR ¥ Indicator B3 H Very suitable J& H suitable EA5E H Mainly suitable A& H Not suitable
4 38 HE Ecological suitability 1~0.85 0.85~0.70 0.70 ~0.50 0.50~0
- K — X
IR UN T
3.5 fEIrER
ERERERNREREERLE 2.8 3,
A[ A2
BB RERD
Swallowtail Swallowtail
B, B, B; B, . Bs Bs
HiEEH RAVER R R Efeid Ry
Transmii directly Cusp Cusp Cusp Transmit directly Cusp
i —T —_———— —r— ———
C, C, C; Cs Cs Cs C; [ Gy Cho
H2 TUAMESEEREITFNORTRESE: A3 BHEEGERAuASEEE TN RERKE:

Fig.2 Catastrophe progression method for the ecological suitability =~ Fig.3 Catastrophe progression method for the ecological ~suitability

assessment of industrial land assessment of commercial and residential land
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KR 79 MR, REH47TR,EH 16 R, BERXEH 4, FEH 28, BRERET. E5EHER
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Fhto TOK IS MRS REFI0R,EFESR, EELATENREEMR, BEFRRT B, £5E
HEERMREPEESRABARUREE XS, BB REFEFLORARE TUERX AL,
4 Wig

X FAESEEE RN X R SHEIRERM EE, B0k ARMEARY %, RE B ERE N ERH A 6
EAFMERERENB 2, UTREMNZARZMHFIBRERER BRSNS B IEN ST
BEFTHR B £ T T B9 X EL 4 47 o

(DHFIREEBEEAR MR T LA PN A FREEREMNDNBRHRF, KRB ER — 1B T —4
RATHERRE RAFER n X5, 4B "TRATHEEREN =1 r HEHEERTIARITELEN
HTHIE:

U .
= —— j=1,2,",n

20U
Ul = l’U.‘ =TI, X I, X T2 X X r
BT, SR L R EARENETE S, BEEE MRS A ET U — A EFWEERE, B -, +

WRAEBE .

(2) S XHRILHT X + 0 F B 8 £ S EEE TN, R ARK ST T X R (B 4) , BRI T 54—
BHERISIL .

B 5 Hr BB HE S AR EL R E R, ZEAR R AEL 07 T 02D T £ R 1B R B J2 Ok 40T 0 B E M TR B R, 3t
TRAEHBIEXAEZRETHRE GERANERAR . EEAXHWRATR S, REFSH - M RES
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AEEE
Ecological suitability
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SRS E A HA AR THTT R &MF B ST

Environmental Infrastructure Land development Afforestation and
compatibility overcoatability conditions landscape

e

5 R Fa
. é[:lkﬁﬂlilﬂ g Commercial and
ndustrial lan residential land

B4 BRATENENBREGH
Fig.4 The progressive hierarchical structure of analytic hierarchy process

RT BIAREH PR —TT YRR, BB TR R T E R SR IR X AR R SR B 9 A4 A E
HRE, WA EBIENETEEER TRENSHERIEN, EUNAT(RUERKN ZRBIRE RN L R
R4 o

SR, AL EAEABRSNHF R LLBRBEAR BRI E SR E ST EOBEN T, RER
BB BN EZEBAE T WA

(EMHRE REEBEAERANE, AFRERANNEZBXANKEEREH#THRF, RAR
JE 58 S T A R TEA B A

QEBHBERE FITHSERBMEEANTARTE, REZBEAMT UM £ HRE S E S HF
FAZS B AR VR, 3 W UGS AR R0 A5 N st PR AR A B R PR, 3 R R b Bk B A 250 MR R
TERBBIXT

BA, XEFREFWIE Y  AREREEREHFOIRE U ERREATREIRT , RERK
ENRATEREBEARERYE, XUFESFUERRESHMEARTE MUHE—-PEE,
5 4t

(FF % DX DX 3 R 35 3 R VT ¢ B2 R 5 00 ) (HD/T2003 ) B8 A 258 B VR4 51 0 KSR S i s K E
BIHABREET ZREFRERNBEARAER, AHRILHXFTFHRE SN, REZBERAEEESER
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