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Research Background 
Å Rapid urbanization in China after 

the reform  
ï before: strict control through 

household registration; 
ï  after: eco development & rural-urban 

migration 

Å By the end of 2011, urbanization 
reached over 50% 

Å => Urban sprawl  
Å => Degradation of urban 

environment 
Å Gaps: climate & its impact at local 

scale, adaptation, mitigation 



Research Objectives: 
 (1) to analyze the causal linkages between urbanization, urban sprawl 
(LCLUC), and climate change 
(2) to simulate LCLUC and local scale IPCC climate scenarios and to 
evaluate current adaptation strategies and provide adaptation 
recommendations to urban policy makers on various LCLUC and future 
climate scenarios 

Project: 
----3 year duration (2009-2012) + no cost 
extension 
----2 case cities: Shanghai and Urumqi 
----Team members from various 
disciplines: social science, urban 
planning, geography, climatology, etc 
----Collaborators in Shanghai and Urumqi 



Objective 1 

ÅUrbanization and LCLUC 
ïShanghai: 
ÅUrbanization , urban sprawl, & urban land transformation at 

district level 

Åurban land use changes by different  types 

Åurban industrial land and its spatial determinants 

ïUrumqi:  
ÅUrbanization, urban sprawl, degraded urban environment 

ÅDevelop LULC maps, focusing on agriculture & urban 
expansion 

ÅUncertainty model for MODIS land cover type products and 
its propagation to RAMS 

 

 



Shanghai   
   
-General 
 

Å A globalizing city 
Å largest economic center since 1850 
Åmanufacturing center during Maoist 

period (1949-78) (>70% of output) 
Å transition to tertiary sector 
Å international prominence 

 
Å Urbanization 
Å 59% (1978) => 86% (2007)  

Å Urban sprawl 
Å Expanded 38 times:  

Å 76 (1947) to 2911 km2(2010) 
Å Expanded almost 6 times  

Å 530 (1986) => 2911 (2010) 
 
 

Source: Yue et al, 2010; Fan et al, 2012 
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Urban expansion pattern (2000-2010) 

É1683 km2 Ą 2883 km2 

ÉMore intensive 2000 - 2005 

ÉMainly at existing urban areas, industrial 

zones, or planned areas 

ÉDirectional and uneven (NW-SE axis) 



Å Shanghai Land Conversion Matrix 
Å 2000-2005: Farm land was the dominant source for urban & industrial land conversion 
Å 2005-2010: Farm land remained to be the largest source, but urbanė industrial   were 

also significant 



Shanghai ς  
Urban land use by types: 

industrial land 

commercial land 

Figure Source: Yue, et al., 2009; Fan & Qi, 2010 

 

Á residential - continuous growth 

Á industrial - declined 1993-2003 

  relocation of factories  

Á commercial - climbing due to 

  increased infrastructure investment, 

  urban redevelopment 
 

Key factors? 
 

Á Land market reforms 

Á migration  

Á preferential policy 

Á uneven distribution of   
 foreign direct investment (FDI) 

Á Economic development zones 

Á phases of economic transition, restructuring 

Á role of the multi-scaled state, governance 

Residential land 



Shanghai ς 
Evolution of urban industrial land 

first increased rapidly 1947 - 
1984, then started decreasing 
from 1993 

 a hybrid monocentric pattern 
=> a specialized polycentric 
pattern  

 

 Source: Fan et al, 2011 



Shanghai ς 
spatial determinants of urban industrial 

land conversion (2002-2009) 

Major spatial determinants: 
land price, existing industrial land, land policy 

 Source: Fan et al, 2012 



LCLUC at district level, 2000 ς 2010 

Å Suburban districts  
ï noticeable urbanizations 

 

Å City core districts (red oval) 

ï relative intensive 
urbanizations were 
taking place (Putuo, 
Changning) 

ï city planning: urban 
redevelopment, industry 
reallocation 

 

Å Chongming (blue oval) 

ï high absolute urban land  

ï relative low urbanized 
rate 

ï Ecological land (2005) 

 



Suburban low-density 
 industrial zone 

Rising new CBD in  
Lujiazui, Pudong Redevelopment at  

old urban district 



Case 2: Urumqi ςurbanization 
and urban sprawl 

Urumqi, Capital of  Xinjiang Uyghur 
Autonomous Region 
Åimportant trading center  

 for centuries 
Åmilitary base 
Å westward migration -   factor in 

industrialization 
 
¦ǊǳƳǉƛ ǘƻŘŀȅΧ 
Åexponential economic growth 

1990s onward 
Åinvestment in energy industry 
Ånew growth in tertiary sector 
ÅLƴǘΩƭ ǘǊŀŘŜ with Russia, tourism 
 
Urban Land conversion 
 38  km2 in 1963, 
  238 km2 in 1990 
 381 km2 in 2010 

 



Urumqi: degraded urban environment from 
urbanization/industrialization 

Urban air pollution 
Å one of the top ten most polluted cities in the  world (WHO, 1998) 
Å soot and dust from coal, combined with location in the valley of Tianshan 

Mountain; it is getting better 
Water resources & consumption 
Å scarce, severely polluted -- available water per capita is ¼ of the national 

average 
Å human impacts ς overgrazing, industrialization, urbanization 
Cautionary tale for urbanization -- 
Å over-dependence on industries based on fossil fuel resources can lead to 

rapid economic development, with unintended consequences 



High rise condominiums (left), government buildings (up right), and residential houses (lower right) burn coals for heating. Photos 
were taken by Dr. Qingdong Shi at Xinjiang University, Urumqi, China, on Jan. 30, 2009. 
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Data layers, Probability, 
LULC Maps 

Åused GLS / Landsat TM time series 
to map LULC in 1975, 2000, and 
2010 
 
Åintegrate Landsat TM & ALOS 
PALSAR to map urban and assess 
LCLUC to 2010 
 
Å Preprocessing streams for data => 
 
Å Approach used a CART  
 
Å Post processing applied 
operational thresholding of 
Landsat, PALSAR, and Aster DEM 
indices to adjust products  
 

Urumqi: Develop LULC maps 
focusing on Agriculture & 

Urban Expansion 





~43º26ΩN,87º23'E 





urban forest cropland shrubland grassland barren 



Objective 2 

ÅSimulation of future LCLUC and regional 
climate changes, impact of climate change, 
and adaption and mitigation strategies 

ï2a. Simulation of current and future LULC 

ï2b. Regional climate simulation under IPCC 
scenarios  

ï2c. Impact of climate change on cities   

ï2d. Adaptation and mitigation strategies  

 

 

 



Objective 2a. Simulation of current and future 

LCLUC 

 

ÅShanghai: CLUE-S modeling for future 

land use scenarios 

ïReclassified land use data of 2000:  a 

background start year 

ïIdentifying driving factors: inputs 

ï2020 Yearôs planning map: a target demand of 

land use 



Dyna-CLUE: driving factors 

var. intercept dem slope city road water 

estimates 3.880e+00 * -1.211e-03 * -1.518e-01 * -5.710e-05 * -8.680e-05 * 5.385e-05 * 

D2 0.4678 

DEM Slope Distance to cites Distance to roads Distance to water 

Signif. codes:  0 ΨϝΩ 0.001          D2 = 1-(residual deviance/null deviance)   

24 

Where: 
Pi is the probability of a grid cell for the occurrence 
of the considered land use type on location i; 
X's are the location factors. 


