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Figure 1 Overview of the study area
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Figure 2 Framework of analysis
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Figure 3 Spatial distribution, expansion scale, and intensity change of the main urban area of Lanzhou City, 1995-2020

1995—2020 4F > JH 7 2 30 DX 3k i 47 Fo RIUASE A o i
ERPEEH R BRI 2 (B] A AR AEWOC X
FIVZE 7 X, 177 PG [ XA SRy 22 M T E 8 Tl X,
AR H IR A PR R S ) Sk T R AR /N
e Sy =S W v LTE 7N 1 e | o7 > AT U E S T
4.1.2 3T R MAE B ALK AE AT

il 1 Fragstatas 4.2 B0 115E45 21 4 1A 500U J5)
FEHL, 4 WA 7 DX T 55 UL Jmy B AR R AIE , 45 51
LR 3. 1995—2020 4F > M 7 238 DX Ik Tl S5 UL ERE B
Bt % Y e R D R B, B
o) AR B S TR G AR , B R B
TS BRBEHAG BN S0 E o L8 0 2
Fhta$, I3 T 4 S O T S I A A 4

Fhim o SOWTRARFEE S DN He , Ik T 50Ul EE
sz HA SRS 5 e P2 FE AR R, 2 i 4 e
SN A] A5 45 J g 1 FH b AR RN, AS B DU P AT
BEHI AR T 18] 5 . BB E SR 48 B e e B
B, FEH T 1995—2015 4EE T LUK -4 5K
L2015 4 J5 DA ER AP R0 3, S BT
SO Z [H] 9 2 (] S Pk AT . ARLAR 4 H A L 2
BN FA R 3T S O T S R AR A
A A b, AT SO A AR SRR . MY
T ME AN R R 8T R SR oK TEBUR (& T LA
B4 207 1 se R I oW S Rl Bk R s oK
RSB ] A T AT SR AR 47 it 2% D) H 1 1 b7 =
ookl 3 T SOWAR AR BERR L . MR

F3 19952020 F =N i 4 X 5 it R MG FHIE L

Table 3 Landscape pattern indices of urban land in the main urban area of Lanzhou City, 1995-2020
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1995 104 0.0997 6.0578 12.7136 13.0495 99.1639 96.5990 92.2243
2005 109 0.1041 10.4662 14.9901 12.9239 99.4131 97.1193 89.5193
2015 111 0.1064 12.0704 18.8870 12.0124 99.4884 97.2392 65.9783
2020 105 0.1007 12.9229 225751 11.3421 99.4547 97.7825 55.5484
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Figure 4 Distribution of ecological risk effect of urban spatial expansion in the main urban area of Lanzhou City, 1995-2020
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Figure 5 Distribution of heat island effect of urban spatial expansion in the main urban area of Lanzhou City, 1995-2020

I3 0 AF A Uk 55 A B, EL R R DX T AR 1
147.33 km’, EZ AR AN ot T fe
KIS RN D=L K R, (A5 K T
P ok AR R A HEROM R, BT = A R A 32 4y
B AT TURZ M 1 ARG I A T T 4% Y
e T XA B R B4 o e iR DX T R 4 R
239.67 km?, EE A LEAFILEB L X X X I Hy
PR b, R R BEAS 5, WA AT DY 7 5 B AR
BB Bk i/ 2RI AR 5 , 1o b 3% 0 B
A Wit T A5 B A L DA AR s MR A S A 18
5255 TR S, BT LR Un B A ek 5 .
BCHRTE T VAT 4% 3 1l ) J 0 LL AR BB AR . AIGIR
DX RS AR X i AR K 67.84 km?, =B MM 7R 7
HB L DRI i, A AR ] b SR A A, 1 X
AR i YT S X ) R X sk T Sk A AR A T, Lk
DX IR AR IR R 5 v, RN B8 5 S8 B . 25k
F 5T T 2 (A1 R R A= o Al D Y R
Mo VR AR B LA RN VR HEROIR , S 80T 2
PN T B S 5 T ] 3 L L AR O TRl 3 e
Bl — 5 BEIRAE T, A 5T DX b 2 R T B rh 0 s
VR 3 A )R o

hitp://www.resci.net

423 A X ABRIRGH

WE 6 7, 1995—2020 4F 22 JH 17 =9 X AR 2%
RGNS (X G  R k, FE e
TATVE R AT A P G A, 32t 7 st bl XN 2R
TG B K ST, i 22 Al A T MRORTR #F 8
MREFERS AT A S R GRS M B BHE58 , {H 2020 4F
P B DXATAN & 5 DX T R 15.02%, 4225 R Gu ik
ST EARGMRSESEEX S
AT ), BT AR RO X B S A X, A
SRR, B KX L RS RE RS
HER S T X R KB AN TAESRER
PEFAIX . AR GRS (8 (8 X DL H A
HERRG R E, 2T R ML B R Y
Wi, TR 354.39 km* 4 /N8 266.55 km?, 1 X 380K
SRR TS (1 A A P b, P T L i
DXAE AT & i DX, g BT AR TR B XA A A AR
PE R R IX, (25 A e i — 2P AR B Ak
22PN I X T S A KLY R R BUE S R
38 1R 55 IR DX T RS Ak 5 K, DA 92.07 ke 35 11 %)
182.07 km’, 3= B 43 A1 75 ] 45 4 b LA K JR) A L e
B IX, 5 zs T R AR ARk —2, H



TR R R A A 2393

20234F 12 H

>z

=

BRGNS B

] &m

b. 20054F

A

0
1

d. 20204F

Bl % |24l K

El6 1995—2020 & =T EWR = B R LSRG AR SR 5 B

Figure 6 Distribution of ecosystem service effect of urban spatial expansion in the main urban area of Lanzhou City, 1995-2020
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Table 4 Urban space, ecological space, and other pace transfer matrix in the main urban area of Lanzhou City, 1995-2020
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Ecological effect of urban spatial expansion in river valleys:
A case study in the main urban area of Lanzhou City

WANG Ziyang"*?, SHI Peiji"*?, SHI Jing"?, ZHANG Xuebin"*?, LIU Yue"?

(1. College of Geography and Environmental Sciences, Northwest Normal University, Lanzhou 730070, China; 2. Gansu Land
Use and Comprehensive Improvement Engineering Research Center, Lanzhou 730070, China; 3.Key Laboratory of Resource

Environment and Sustainable Development of Oasis, Northwest Normal University, Lanzhou 730070, China)

Abstract: [Objective] The ecological effect of urban spatial expansion is the key problem of
human-environment relationship in the process of urbanization. It is of great significance to explore
the complex scientific problem of ecological effect caused by urban spatial expansion from
multiple angles to promote the sustainable and high-quality development of urban and ecological
space. [Methods] Taking the main urban area of Lanzhou City in China as an example, this study
calculated the scale, intensity, and landscape pattern indices of urban spatial expansion in 1995,
2005, 2015, and 2020 to reflect the spatiotemporal variation characteristics of urban spatial
expansion in the city from 1995 to 2020, and divided the research area into 12184 grids. Using the
spatial principal component analysis method, atmospheric radiation transfer equation method, and
revised ecosystem service value estimation model, this study analyzed the ecological risk effect,
heat island effect, and ecosystem service effect of urban spatial expansion from various angles, and
discussed the impact of natural environment conditions on the ecological effect of urban spatial
expansion of cities in river valleys. [Results] The results show that from 1995 to 2020, the scale
and intensity of urban expansion in Lanzhou City have increased, the fragmentation of urban
landscape has decreased, urban expansion has mainly occurred in the western and northern parts of
the city, and the urban expansion mode has changed from group expansion to leaping expansion.
The overall ecological risk effect and heat island effect in the city have shown a weakening trend,
but a rising trend was observed in the river valley, and the overall pattern of effects has been
characterized by high in the valley and low at the peripheries. There is a slight improvement in the
ecosystem service effect, which mainly shows that the ecosystem service value in the surrounding
areas of the river valley has improved significantly, and some areas in the built-up area have
changed from low-value area to medium-value area. Urban expansion negatively affects the natural
substrates of the region, while the natural substrates also affects the scale, direction, and mode of
urban expansion. Coordinating the relationship between the two is essential for the sustainable and
harmonious development of human beings and nature. [Conclusion] The research framework of
ecological effects of urban spatial expansion was constructed from multiple perspectives. Urban
spatial expansion has a significant impact on ecological risk, heat island, and ecosystem service
effects at the grid scale, which provides a new way of quantitative visualization of the dynamic
relationships between urban evolution and ecological environment.

Key words: urban expansion; ecological effect; ecosystem service value estimation model; valley
city; Lanzhou City
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