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Construction of ecological security pattern and simulation of urban sprawl in the

Urban Agglomeration of Min Delta

LIU Xiaoyang, ZENG Jian" , JIA Mengyuan, ZHANG Sen
School of Architecture, Tianjin University, Tianjin 300072, China

Abstract: Set against the backdrop of rapid urbanization in China, urban ecological environment suffers the elevated
pressure of high-intensity human activities and unreasonable land development. Since urban ecological environment has been
raised as an issue in relation to regionally ecological security, it is important to construct ecological security pattern and
accordingly simulate the urban sprawl as a way to satisfy the requirements of both urban development and environment
protection. Taking the Urban Agglomeration of Min Delta ( Xiamen-Zhangzhou-Quanzhou) as the study area, this paper
provides three scenarios of ecological security pattern, namely, basic security pattern, intermediate security pattern, and
optimal security pattern. Basic security pattern represents that the protected area will not be occupied by built-up land use.
Both intermediate security pattern and optimal security pattern locate the transition area between urban area and the
protected area with the potential to be transformed into urban built-up area on the prerequisite that the urban ecological
environment and urban ecosystem cannot be jeopardized. Compared to intermediate security pattern, the optimal security
pattern covers the areas closer to urban area to security the ecological environment to the greatest extent. In the process of
constructing the three scenarios of ecological security pattern, grounded in the theory of landscape security, by using a set of

spatial analytic approaches in ArcGIS platform, we incorporate four aspects, including water safety, biological safety,
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geological safety and recreation safety to establish a comprehensive evaluation of ecological security. In addition, drawing on
the SLEUTH model, we simulate three types of urban growth from 2015 to 2030, in which the three scenarios of ecological
security pattern are combined to form three levels (i.e. low, medium, high) of eco-constraints. The results show that the
area of basic security pattern is 9305.51 km’, while intermediate security pattern is 7576.28 km® and optimal security
pattern turns out 3482.73 km®. The three patterns account for 36.89% , 30.03% and 13.81% of the total area of the Min
Delta urban agglomeration, respectively. In terms of simulation modelling results, it shows that under all three scenarios of
ecological pattern, urban area will keep growing by 2030 but the growth rate will be lower than the historical records. Under
high level of eco-constraints, both urban growth area and urban growth rate are smaller than the other two settings of
constraints. This reveals that ecological security pattern, as urban growth constraint, should be considered in our spatial
planning to enhance the protection of urban ecological environment and prevent unreasonable urban sprawl. We argue our
research is important to better inform urban planner on ( re) designating urban growth boundary with the capacity of

providing reliable technical support and scientific basis.

Key Words: ecological security; ecological security pattern; urban sprawl; SLEUTH model
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Fig.3 Excluded layers of three scenarios
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Table 2 Calibrate coefficients in SLEUTH model
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Table 3 Simulation accuracy statistics of SLEUTH model
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Table 5 Evaluation factors and classification criterion of comprehensive hydrology security pattern
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Fig.4 Single ecological security pattern of the Urban Agglomeration of Min Delta
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Table 6 Evaluation factors and classification criterion of biological habitat suitability
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WA T PRI SHE(0—10) e
Evaluating factors Classification Value Weight

FbRHL I K PESUHE TR P 8

SR VR 10
{22 Elevation 0—100 5 0.10

100—800 10

800—1500 5

>1500 1
FRZK LR 5/ m 0—2000 6 0.25
Distance from water sources 2000—7000 8
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15000—30000 5

>30000 2
HRE A DX B S /m >6000 10 0.15
Distance from Built-up area 4000—6000 5
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0—2000 1

0 0
B B /m 0—500 0 0.15
Distance from traffic road 500—1000 1

1000—2000 3

2000—4000 5

>4000 10
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Table 7 Land cover resistance coefficient for space motion of wild animals

AR HULREC g g 25
Land cover Resistance Land cover Resistance

coefficients

coefficients

A MHb Closed forest land
HEAM R B S5 5

1

Shrub forest and Highly covered grassland 10
FHB 20
Medium covered grassland

bk AR Sparse forest land 30
JKH B Paddy field 50
W WA K ZEYTE Water, lakes and reservoirs 50

WL MEHD Mudflat
i
Nonirrigated farmland

M

Bare land and saline-alkali land
A Ft 7 B 5 Rural residential land
SREFH L Urban land

oAt 235 FHHb Other construction land

100

200

300

400
500
500
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TR 30.03% , FEZATFIGEAEIR T BRI (YA SBT3, b L e REARRE SHERAS
EATH) 5 R ot S8 B A0 a0 11 3 9P DX, i S PR B DX A 75 2 4 IR B SR RS 1) 40 A W TR, mT AR AF 5 DX i) LR
TR T 25 A (R T S 15035 20 5 U A SR TR RCAY 3482.73 km®, 7 R FH b IRT AR 13.81%
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Fig.6 Revised ecological resistance surface
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Table 8 Evaluation factors and classification criterion of geological hazards

PREALIR S Standardized value

RN DX 3 R )R

R e (i

. . . WELR A 2% )R
- No impact Optimal Intermediate Basic security patt
IR area security pattern security pattern asie securtly patiern R
Evaluating factors P U R Weight
EARUR(3 FHUR (S5 U (9
Ay CPEBEG)REBURG) gy PR
o Mildly Moderately T Highly
Insensitive .. .. Sensitive -
sensitive sensitive sensitive
LAY R T
S HIBER L/ <1300 1300— 1400 1400—1500 1500—1600 >1600 0.15
Average annual rainfall
Y% ¥ Slope/(°) <5 5—15 15—25 25—35 >35 0.1
2 Elevation/m <200 200—500 500—800 800—1000 >1000 0.1
. . (-15,-05], (-25,-1.5], (=35, -25], -», -3.5],
R > -0. . .1
RE M Corvature 0.5, 0.5 (0.5, 1.5) (1.5, 2.5) (2.5, 3.5) (3.5, -2) 0
.
it b
ER S9! SRS A £ i LT st ol
N - I < .
Soil type YR Fif + o7 HE e+
ARt Rt A
IH— LA B HE £ (NDVI)
Normalized difference >0.55 0.4-0.55 0.25-0.4 0.1-0.25 <0.1 0.1
vegetation index
. 0
15 b ; ) =
o e oo Kt AT HH I
Land cover ?nf;?iﬁl KINKHy i Tic Kb Db, 0.1
' L e fel L [ SeReg )
Hofth A 4b
Wi
T AN =
EE.HE% il FZ%/.m >5000 3000—5000 1500—3000 500—1500 <500 0.1
Distance from traffic road
e E S N 2
TR E SHH / (4/25km?) - - 6 s o8 015

Geological hazards number
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Table 9 Land cover resistance coefficient for recreation process
A A il BT e il A3
Resistance Resistance
Land cover .. Land cover .
coefficient coefficient
W WA KRR RER R 0 B #R i 200
Water, lakes, reservoirs and mudflat Wetlands and bare land
A FEA o 7K H 300
Closed forest land and shrub forest Paddy field
BibRHl LA bR | 7 5 A 100 LS 400
Sparse forest land and highly covered grassland Nonirrigated farmland
Hho G 150 A R 400
Medium covered grassland Rural residential land
] 200 AR A AU R 500
Low covered grassland Urban land and other construction land

4 MREXBPERIZAMYT BE

FEAE AR A SR 5T IR At b AR SO 3 T )
AR Y R AL P & AR e
JRZTRTZE , UL IR R HIF T DX W 28 (B AR J g ]
ek, & 8 AL, = 2030 4F = Fh U BV AR U I
FEATE B A SR T 53 2 B DX kR R A, LI
25 [B) 43R 2 BE S B AR A VI e PR AL OB B R LA, X
R R R ZS AR R A R B, B3R 10 T 0L, = Fh

= i g

BT O LA S 7 Ko — e B TS —4a
X2 T 15 F 1 K fE 9 2 3k 2 48 /1 T I ol 4R st
2000—2015 4FAFE Y TR AR B A A5 2 A R 2 Sogiggy%

W R FOR A SIS ek R B S R
T AR R /DN, R M 55 A 25 28 AL 4= o B T AR A /DN
(MR 3 52 B, A B B 28 A B O e ik
ZIEGNE RA T AR R AR I SRR A
A SR HIL S Sl P il ) B R TR R R ) A
R, X I A AT IRAR S iR 2 R BT AR 2 B — (R R e H s P 2 AR SR 20T AR TR A
TR PR S 8] FEAS AT LA o 2 A 25 F s A B M XUl 755K, 258 1B B A= 2 g R
HEBR PE1Z 29 RO B P ot 14 98 S B2 R 8 7 1] S A7 R ELRR 2 Y, AT LAl S L TIE P 6 A ) ) 10 A A IR A R
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Fig.7 Integrated ecological security pattern of the Urban
Agglomeration of Min Delta
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Table 10 The area and rate of urban sprawl under different scenarios from 2000—2030

B i 3% P IRAR IR PR AL hm? P IRHEE/ %
Period Scenarios Sprawl pixel number Sprawl area Sprawl rate
2000—2015 Dy s 4w 366974 132110.46 3.33
2015—2030 R LM AR 316355 113887.80 2.87
WER R R 264686 95286.96 2.39
[N S o T ES A 203876 73395.36 1.84
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Fig.8 Simulation of urban sprawl in 2030 under different scenarios
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