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Study on a model of water surface growth and its driving factors in large cities

along the middle reaches of the Yangtze River Taking Nanchang, Wuhan,

and Changsha as Cases
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Abstract: Based on remote sensing image data for 1995, 2003, 2010, and 2015, the different growth patterns of
impervious surfaces in China’s cities of Wuhan, Changsha, and Nanchang over the past 20 years were studied using
classical linear spectral analysis VIS model, ArcGIS hotspot analysis, and least squares linear modeling. The results show
that The impervious surface areas (ISAs) of the three cities increased obviously, showing a regular pattern of expansion.
The impervious surface rate of Wuhan, Changsha and Nanchang in the greenbelt surrounding area has reached 8.9%, 7.
9% , and 7.4% respectively, which are close to the internationally recognized early warning level of 10% - 20%. The three
cities’ ISA growth from the old city to the surrounding area gradually spread, which the city of Wuhan has broken through
the greenbelt by “sporadic” increasing and the cities of Changsha and Nanchang are from the “point + line” to “surface”
ISA growth pattern transition stage, also presents the breakthrough greenbelt trending. Because of the influence of city

development stage and historical conditions, impervious surface growth in Wuhan arises mainly from the sporadic growth of
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suburban areas. Expansion in Changsha and Nanchang is mainly due to “axis + block filling” extension growth of newly
developed areas. Road investment, zoning policy, urban planning control, fixed assets investment, real estate investment,
population growth, and water penetration technology are the main factors that affect the impervious growth of the three
cities, but the sensitivity of each factor differs among the cities. For Wuhan, the priority policy for reducing the ISA rate is
to control the out greenbelt space, which can be strengthened via a rural construction planning permission system. Secondly,
applying advanced technology to the greening transformation of the old city, reducing the density of real estate construction
and infrastructure investment, optimizing the population density distribution, and balancing the city population with the city
ecology can also alleviate the ISA growth trend. For Changsha and Nanchang, the primary method to controlling ISA
increasing is to control the undeveloped areas in the inner greenbelt zone. The guiding principles of “precise controlling new
area” , “preventive controlling the suburbs” , and “enhanced controlling the old area” should be applied to avoid expanding
the ISA pattern. On the other hand, it is important to improve ISA by including smart urban and rural planning, increasing
the rate of green space planning, balancing the population of districts, advocating the profit priority construction of urban

infrastructure, and accelerating the use of advanced permeable materials and construction technologies.
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Table 1 Four types of impervious surface growth model and its definition and characteristics
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Fig.1 The interpretation of impervious surface of Wuhan, Changsha & Nanchang in 1995,2003,2010,2015
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Fig.2 Comparison and differentiation of hot spots in extension of impervious surface in three cities
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Table 2 Difference of dominant mode of the impervious surface in three cities
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M E 5415 169 12 622 45 381 27 218 16 1390
Kb 4891 228 9 1005 40 920 36 385 15 2538
HI 7207 268 12 571 26 736 33 648 29 2222

L b, T ISA BT ML X 22 57y 120 AR, NS A STk i i 25 2008 209% 1Y L AR E R R E

http ; //www.ecologica.cn



6 A E = 38 &

10% }% 10% LAF , R BIZESRIX R ISA SEMAANE 32 S0 T, o BI S X A i A 2 ) 1SA 3 KTk 2, 2 18
ARG 2 ISA TUIRTE 0 — B W (R S f e T T B JF B A0 1AL T TR AU B =X 3 3 WD T B 3 it A i3
ISA TTHRA —A ETHATIRE PR YL RE . 3 Rk ISA Al B sl DX J2 By Y 08 DX % A2 BTk AR 3ak X #) Thg
TR,

4 AEKEEKIEZHEZRSH

4.1 RSP RIIHTHER

Mt — 4R ISA 1A B R , X T ISA B KSR B R 2 IR A TR A S e oA . LR B
DL R BN 1 255 R AR M S IR EE B Y FEAC R B I 3R 85 A X IR TT ISA B Al 2 % 46
S E R, T B KPR A2 2 1SA SR A3l 112 — o 2 ST T T 9 K P2 B i sl ol s 5
— I R, ANH R T RS A B TG0 1R e AR R R A SO ) T R, WA AR X
ISA HER BYREIR . 3 MATIA =3l ISA A% J5 MBI ) 19 RE R IX. " 3 200 [ S 5K SRR TSA 3R 5 30 KL
DX 3l 25 DR 2R S e BEARH DG A, RISl T RS B SR B a5 3 B el L B DX A7 23 A 25 X AN S /K T KA )y
PEAERT, 4 S TR R R IR AN 35 7K THT A 52 W 3R B B A9 18 K TR BOR AT LA ZR il ISA BYBE I,
DRI % = 3l T DA 3R IR -3 204 A AN REF A LD st el S e LR T Ik e P20 #7 , IR e i& 3C L) 2003 ,2015
SRR TR HE AT

ARG LA LT HERE SR e fre I —Sfe I Uk EAT AR AL LA ISA MR IS & Y, 45 LA_EARAF 093 37 24 4F
PSS, 0 Y 7R 0 2003 4R AR i, S5 THI0 SCRE B FUIR T 4% I A A XSRS 4% TR R A0 22 e A, LAy
BILA Y, Fnek NN AL i, Y FoR BTG XN A, e R LS AR L X, ([ B B X |
STV BE X, TR B X, i BERE BE X T LRI SR R X GE R X, BT Ak
ORI X A X AR i X 1 [ A AT BT, 2% N RS R IR SO TR B LR 3,

®3 HMERRHESHSA

Table 3 Description and explanation of influence factors
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Table 4 Modeling of driving factors of ISA in WH\CS\NC city
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