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Simulation of urban spatial expansion in oasis towns based on habitat quality. a

case study of the middle reaches of Heihe River

LI Qianguo, WANG Lucang”, YAN Cuixia, LIU Haiyang
Geography and Environmental College of Northwest Normal University, Lanzhou 730070, China

Abstract; The oasis is a region with extremely fragile ecological environment. It is a major problem for arid areas to realize
the win—win situation of urbanization and ecological security in oasis. The traditional simulation of urban spatial expansion
only considers the urban development trend unilaterally, but less think about the constraints of regional habitat quality.
Based on the Landsat TM, ETM+, OLI remote sensing image data of 1992, 2000, 2008 and 2015, we took the middle
reaches of Heihe River as an example. From the perspective of coordinated development of urban spatial expansion and
ecological environment and through the combination of InVEST model and SLEUTH model, the assessment results of habitat
quality were integrated into the urban expansion model to simulate the land use change pattern of urban expansion in the
study area from 2015 to 2030. The results showed that; 1) the overall quality of habitat in the study area was low, and the
order of quality and the degree of degradation were obviously different. The high and middle grade habitat quality areas were

mainly distributed along the main stream of Heihe River and the core area of oasis, accounting for 5.69% and 32.77%,
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respectively, but with a high degree of habitat degradation. The low-grade habitat quality areas were mainly distributed in
Gobi desert area and urban construction area, accounting for 61.54% , with a low degree of habitat degradation. 2)) The
restriction effect of habitat quality on urban spatial expansion was significant. Compared with the non-habitat quality
constraints, the area of urban construction land and the area of ecological land occupied decreased by 27.08% and 63.61%
in 2030, respectively. Moreover, the connectivity between urban patches was better and the degree of agglomeration was
higher, and the “filling” expansion was the main type. 3) Urban spatial expansion generally reflects the requirements of
habitat quality. In 2030, the newly added urban construction land mainly would occupy the middle and low grade habitat
quality areas, accounting for 34.88% and 63.36%, respectively. The habitat quality of oasis plain and piedmont alluvial
sector would be strongly constrained, which only increased by 51.53% and 48.31% compared with 2015. The constraint of
habitat quality in oasis marginal area would be low, which increased by 110.18% compared with 2015. It would be the
potential area of urban development in the future. The results of study provides scientific basis for the coordinated

development of oasis towns and ecological environment.

Key Words: simulation of urban spatial expansion; oasis town; habitat quality; InVEST model; SLEUTH model ; middle

reaches of the Heihe River
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Fig.1 Location of the study area
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Table 1 Land use classification system
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Table 2 Threat and its maximum effect distance , weight and spatial decay type

JER SR F R IE RS/ km & 25 [) P Y
Threats Maximum distance of influence Weight Spatial decay type
W Town 8 1 Eii
Akt e RS, Rural residential land 3 0.8 EiER 1

K s Mining land 4 0.7 EicR

2218 FH L Transportation land 3 0.4 et

#Hb Cultivated land 1 0.2 g

®3 LAEEEERENTFEBMEHEEREER
Table 3  Habitat suitability degree and its relative sensitivity to each threat

AN Ja R i

3218 HIHb

ﬁziﬁ%ﬂ iﬁﬁﬁg I Rural residential %Ufﬁiﬂ Transportation ,*#ﬂﬁ
Habitat type Habitat suitability Town land Mining land land Cultivated land
F M HL Arbor forest land 1 0.7 0.6 0.8 0.5 0.45
JEAM M Shrub land 1 0.8 0.6 0.8 0.5 0.5
H AL Other forest land 0.8 0.7 0.55 0.7 0.5 0.4
KAIRFLH Nature grassland 0.9 0.7 0.6 0.7 0.6 0.5
AT EH Artificial grassland 0.8 0.6 0.45 0.7 0.4 0.5
HALE H Other grassland 0.3 0.6 0.5 0.65 0.5 0.5
AT AR 1 River, Canal , Lake 1 0.8 0.5 0.7 0.6 0.6
JK L YE Reservoir and pond 1 0.65 0.55 0.6 0.55 0.45
PR HE Inland beach 0.7 0.75 0.45 0.7 0.4 0.6
VAR Marsh land 0.9 0.7 0.5 0.7 0.5 0.5
JKHl Paddy land 0.6 0.65 0.45 0.7 0.5 0.5
JKBeH Trrigable land 0.4 0.6 0.5 0.7 0.45 0.4
41 Dry land 0.3 0.7 0.5 0.6 0.5 0.5
HAth Other 0 0 0 0 0 0
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Fig.2 Input layer data used for the SLEUTH model
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Table 4 Calibration parameter settings of the SLEUTH model
" " " AES 0K
e it s EBERR
Coarse calibration Fine calibration Final calibration P p . ’
acquisition
" ) B ey - 2k e (b B ok o (b B 2
BB 2 %hf(ﬁﬁﬁ %Jrﬂf(%ﬁﬁ: ?ﬁhf?ﬁﬁﬁ s et Hﬂ.i B AR
WEr=4 WH=38 wh=12 e Optimal growth
Model control parameter WH=100 .
Monte_carlo=4 Monte_carlo=8 Monte_carlo=12 Monte. carlo= 100 coefficient
0SM=0.624 0SM=0.735 0SM=0.812 ome-caro=
FleRi| K Fleki| PS b(oAz| P bR Ak
Range Step Range Step Range Step Range Step
Wb 25 Dispersion_coefficient ~ 0—100 25 0—25 5 3—10 1 1—1 1 55
PFH Z KU Breed_coefficient 0—100 25 0—75 10 15—60 7 15—15 1 47
P J& 25 Spread_coefficient 0—100 25 35—85 5 55—90 3 55—55 1 81
I ZBL Slop_coefficient 0—100 25 25—70 5 30—55 1 3535 1 5
BT J1 R EL Road_coefficient  0—100 25 20—100 10 55—90 4 90—90 1 75

Y T B Bl a1 P K AR TR R R 1R 2 R B B AN R 55 07 58, B SR Sl 3 M A4k
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Table 5 Landscape index and meaning
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Fig.3 Spatial distribution of habitat quality and habitat degradation in the study area
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L 2015 4F A A FHBUIR B SEht B A 25500 1B 2 Mt ARG 1 2280, VA A SLEUTH 5% 70 Jm %5 e 45 51
2030 AFEIEEY R 1Y) - MR AR AL (1 4) Rl 0L A AR B I Y AOG  F Y R N ZS R A
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EARE ST, WA AU 181.82 km?  AF I HN 5.419% , 5 7 LIHIEIEAR R, Hod 5 kb |
PRHE, B H AN K ST AR 51 R 47.53 km® .3.62 km® 2.64 km?>Fl 1.83 km?, (i HA AE S Th 09 w242 1
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Table 6 Area of different kinds of land occupied by urban expansion under different scenarios in 2030

VI

A A Bt Mt HH K3k Construction ARFI AT Hb &t
Land use type Cultivated land Wood land Grass land Water area land Unutilized land Total
an

B i 2
Rk ﬁﬁ.ii /];E . 47.53 3.62 2.64 1.83 6.65 37.02 99.29
Non-habitat quality constraint

15
AL BB 2 18.26 1.09 0.11 0.78 3.95 25.86 50.05

Habitat quality constraint

323 WA Y RS

SR FH S5 LS SRy B506) T00I0 A7 00y IR B B B HE AT 430 BT, 8 LR LU AT () AR 58 T 2 A S 1 AR ke e i
WP RERIE (R 7) . OB A HE S A BEEE H NP 2 A B R 2 =AY 1.3 4%, (HSF Bk i
AREA_MN U A B R 20U 51 0.6 i, L A% B ED 24 ARSI 29 g 50 1.4 7% R JCAE SR
JRE A R BT BSRBBE K E e, BT — e R AR, F AP RIS ST RG-S 4R AL MPT I
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Fig.4 Simulation map of urban land use change under different scenarios in 2030
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Table7 Landscape index of urban construction land under different scenarios in 2030

L AR [ R
S . NP ED AREA_MN FRAC_AM MPI Al
Landscape pattern index

B R
s ﬁﬁgﬁﬁ, . 3364 0.23 2.2 1.53 1227.93 55.6
Non-habitat quality constraint

35 i

AEBRRAR 2587 0.16 1.32 1.29 1613.57 86.8

Habitat quality constraint

3.3 AR TR X YR A

DI A 455 o 2 oA 50T 1Y 2030 AFIRAE 1 MR HITASEA0L L Ry XF 42 8 TS [ A5 90 30 S 4 S A 15 P
AL (22 8) o AP AEA)y — LRI 8 1 Ak 30.86 km® 5% 2015 4K T 59.47% 3 — S A BT 16 T B
14.66 km® , %% 2015 4FHE K T 77.40% ; H S BEHHE H AN 1.01 km® 58 2015 4EHE K T 24.4% ; — SR04 1)
R 3.52 km® B8 2015 AFEHEK T 46.56% o AN [F] S5 SRR G Il A e i FH b 5 A 355 0 o 0 A1 LA T 38 1
BT, I e AR A B B T AR R 0.88 kem® , A o BT 4 8B A 8 FH IR 1.76% , 17 o7 FH o IR A5 90 AR B8 o
AN 17.46 km® 31.71 km® | 43991 b7 B HE S BE 50 FH L 1Y) 34.88% .63.36% (£ 9) , HAAKRE , — Ryl £ %
A (33.54%) AIK (65.68% ) %5 9 A= 358 ey — 0 3 B 8 2 o P AIG 55 A 5 T i (74.56% ) 5 S
(71.29% ) Fl— B HE 4 (84.38% ) T2 (5 FH i A G A6 45 o i (R 344 18T FRAT B, A3 o5 BF 5 DX 34 Ik et e i
U EVEARAY 7.37% ., B BGAT UL SRR ZS (A1 R SRR I T AR B BT A A R, T AT 3 R IR e e A b DA
F RS T o 3, I FARAE G AR B i R S 2 (R R ) 2 22 X 3,

MBI HE I A R 23 (8] 3 A1 SR R (3R 8) |, G- Jirt DX A 15 Jo it 24 SRV i 3 L s () ) e o i 18, G
Hh L SR UNAZ O DX S AR A U FH L TET R R 30.55 km?, #2015 AF34E K T 52.01% , S TRT 30 Vi o B 44 A At 1t
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%, HAzad BEscimaz 5| JIVE R, 2 [l J skl B e b, 3 B (AR A 3l B ol ol DX F8) 348 K S 48 3 L A 14 FH
AL 14,18 km? %5 2015 4EHEK T 110.18% ; LU HEFR be X SR IR SR I AZ O IX 8z |, H I AR AL T 3 B AS@
28 YR K AT RS, TR R AR SR 2 R T A s P I AR 0.43 km® 55 2015 4FEE K T 48.31%,
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Table 8 New urban construction land area and growth rate of different grade towns in 2030

R

AR

ﬁdﬂjf%bg The Main Stream of ?il{m,d_']i’é'{lz Piedmont alluvial 3T Total
i SR Qasis core area Heihe River Oasis margin
Town grade Town name HAR kR A KR mR KR mB KR mB KX
Area/ Growth Area/  Growth Area/ Growth Area/  Growth  Area/ Growth
km?>  rate/% km?  rate/% km?>  rate/% km?>  rate/% km? rate/ %
— 4 HNIX T X 24.08 5285 0.0 0.0 0.0 0.0 0.0 0.0 308  59.47
Fist-class town A LI el X 0.0 0.0 0.0 0.0 2.06 68.44 0.0 0.0
(>1077) T X 0.0 0.0 0.0 0.0 472 14217 0.0 0.0
O X FULIRIX 451 7381 0.0 0.0 0.0 0.0 0.0 0.0 1466  77.40
Secondary town I Talk el X 0.0 0.0 0.0 0.0 332 111.04 0.0 0.0
(5—10 1) A FUIRIX 0.0 0.0 275 4372 0.0 0.0 0.0 0.0
A Talkbd X 0.0 0.0 0.0 0.0 4.08 11493 0.0 0.0
581 Major town TR KW M e M 069 1880 0.0 0.0 0.0 0.0 0.0 0.0 1.01 24.40
(0.2—177) LT PR 0.0 0.0 032 68.09 0.0 0.0 0.0 0.0
— AR IR Nl G RIS RN
General town PREGE N K% RES Wk 127 3724 00 0.0 0.0 0.0 0.0 0.0 352 46.56
(<0.277) g B IR E S RS
giz zgfizfﬁﬁi EAeH, 0.0 0.0 182 5583 0.0 0.0 0.0 0.0
Zg S FHS 0.0 0.0 0.0 0.0 0.0 0.0 043 4831
Ht Total 30.55 5201 489 488 1418 110.18 043 4831 50.05  60.64
TS5 B AL O/ 05 I8 TSR AT S AR (2012—2020 4F)
F9 2030 EARERWEFEHEAZIEAM SAMRERERSE
Table 9 Habitat quality of land occupied by newly added urban construction land of different grade towns in 2030
— IR TR Gt — A M
M 5 T A Fist-class town Secondary town Major town General town Total
Habitat quality grade sl FH sl FH sl
! yb Areﬁa/km2 % Alrfﬁajkm2 % Areﬁa/klrn2 % Arf:jkmz % Alr(f/km2 %
1 High[ 0.8—1.0] 0.24 0.78 0.31 2.11 0.15 14.85 0.18 5.11 0.88 1.76
' Medium[ 0.4—0.8) 10.35 33.54 3.42 23.33 0.72 71.29 2.97 84.38 17.46 34.88
{i% Low[ 0—0.4) 20.27 65.68 10.93 74.56 0.14 13.86 0.37 10.51 31.71 63.36

4 itig

WFGER InVEST BRI BT bBEe 52 BT T 52 A5
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