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Objective and Approach 
•  Objective: Investigate impacts of global urban changes on the 

environment during the rapid growth of large cities (mega-
urbanization) in the decade of the 2000s, including:          
Physical factors: urban heat island, urban dome, emission, 
pollutions in the atmosphere and water systems.          
Demographic factors: population distribution, population 
dynamics and changes in livelihoods such as housing, living 
arrangements, and socioeconomic status.  

•  Approach:  Four components 

1.  Satellite observations: >15 satellites 

2.  Surface networks: meteorological, hydrological, chemical 

3.  Socioeconomics and demography data 

4.  Modeling: Gas, Aerosol, Transport, Radiation, General 
Circulation, Mesoscale, and Ocean Model (GATOR-GCMOM).  

•  Field Campaign: POPLEX Field Campaign, Italy, May 2014. 



Dense Sampling Method  
(Patent US 8,401,793 B2, 3/19/2013) 

Enable global urban observations without gaps 
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Verification - Príncipe Island 

DSM QuikSCAT data 



• Use the DECADE of NASA QuikSCAT satellite 
scatterometer collected GLOBALLY 

• Apply the Dense Sampling Method for high-
resolution data processing over land regions 

• Classification using training urban data from 
multiple sources, using both mean and variation 

• Verification in regions where census/demo-
graphic data are available (e.g. Dallas-Ft Worth) 

• Obtain urban extent, and typology (commercial/
industrial core, residential, rural), and change 

Enable Development of ATLAS of Global Urban Change 

Procedure to Obtain Global 
Urban Extent, Type, Change 



DSM: All Mega Cities Worldwide 
!"#$% &'(")*+,% -./#+0,% -.#+*#'#+% 1.2/3"+*.#% 45&%6"+*+/7'%8

.
9% 45&%6.#(*+/7'%8

.
9%

:% !"#$"% &'(')% *+,'% -./011/111% --20% -324% 5-326% 5.72-%

;% 89'):;<"9% =<,)'% *+,'% -5/311/111% 7521% 7621% 55527% 55626%

<% ><'):<',% =<,)'% *+,'% 70/411/111% -12.% -524% 5712.% 5772?%

=% &'#'@A'% B)C")D+,'% *+,'% 7?/.11/111% E?20% E62?% 51?25% 51326%

>% >D"9F% >"9A<%G"@D'% *+,'% 76/011/111% -321% -021% 57?2-% 57320%

?% HDF<,% B)C,'% *+,'% 7./111/111% 7027% 7425% 3?2?% 3323%

@% IDJ,K"%=,A$% IDJ,K"% L"@A<%*MD@,K'% 7-/011/111% 502.% 7126% E4424% E4025%

A% G'@'K<,% N'#,+A')% *+,'% 77/311/111% 7.2.% 7627% ??26% ?32?%

B% I'),F'% %N<,F,((,)D+% *+,'% 77/711/111% 5.21% 5627% 5712?% 57526%

:C% LDO%P"@#%=,A$% Q),ADC%>A'AD+% L"@A<%*MD@,K'% 75/?11/111% -424% .526% E3?25% E352?%

::% >R"%N'9F"% S@';,F% >"9A<%*MD@,K'% 75/611/111% E7.27% E7724% E.32?% E.626%

:;% I9MT',% B)C,'% *+,'% 75/.11/111% 5026% 5423% 372?% 3-2.%

:<% SD,U,):% =<,)'% *+,'% 54/-11/111% -427% .123% 55626% 5532-%

:=% V"+%*):DFD+% Q),ADC%>A'AD+% L"@A<%*MD@,K'% 53/711/111% -720% -.24% E57121% E55?27%

:>% W+'#'% &'(')% *+,'% 5?/011/111% --20% -62.% 5-.27% 5-?2.%

:?% I"+K"O% X9++,'% Y9@"(D% 5?/611/111% 662-% 6?27% -?24% -02.%

:@% H<'#'% S'):F'CD+<% *+,'% 5?/-11/111% 7-2.% 7.25% 4125% 4123%

:A% =',@"% Y:$(A% *Z@,K'% 5?/511/111% 7423% -12.% -120% -523%

:B% G"F#'A'% B)C,'% *+,'% 5?/111/111% 7524% 7-2-% 0323% 0020%

;C% V")C")% Q),ADC%G,):C"M% Y9@"(D% 56/611/111% 6521% 6721% E525% 521%

;:% S9D)"+%*,@D+% *@:D)A,)'% >"9A<%*MD@,K'% 5./611/111% E-62.% E--24% E6426% E6327%

;:% S'):#"#% !<',F')C% *+,'% 5./611/111% 5-21% 5.20% 4423% 5152-%

;<% B+A')T9F% !9@#D$% Y9@"(D[*+,'% 5-/011/111% .12.% .52?% 7324% -127%

;=% V':"+% L,:D@,'% *Z@,K'% 5-/711/111% ?21% 32-% 723% .27%

;>% !D<@')% B@')% *+,'% 5-/711/111% -62-% -?25% 6120% 6524%

;?% X,"%CD%&')D,@"% S@';,F% >"9A<%*MD@,K'% 57/411/111% E7-2.% E772-% E..27% E.72.%

;@% ><D);<D)% =<,)'% *+,'% 55/311/111% 7526% 7.21% 5572.% 55621%

;A% N'@,+% \@')KD% Y9@"(D% 51/311/111% .026% .427% 523% 724%

;B% !,')U,)% =<,)'% *+,'% 51/?11/111% -02?% -42?% 55?2?% 55021%

!



Beijing DSM Backscatter 
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Beijing DSM Index of Variability 
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Rate of Change – DSM 2000-09 

R2 
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(Trend) 

High intensification 
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Very Significant Build-up in an Area in Southeast Beijing 
Center of image is located around 39o46’40” N and 116o31’29” E 

(marked by the white plus in the 2000-2009 DSM R2 images) 
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This area was near the edge of Beijing in 2003 Beijing extended well beyond this area in 2009  
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Beijing Urban Extent from DSM 
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Beijing Urban Change and NO2 
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Increase Information Content 
with Multiple Satellite Data 
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Demography – Population 
Change in 2000-2010 
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Infrastructure – Road Network 

Beijing DSM with road network (grey) and Night-Light urban extent (black). 
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Modeling – GATOR-GCMOM 
from global circulation to urban scale 

•  GATOR-GCMOM is used to simulate the global, regional, and urban climate and air 

pollution health impacts resulting from urbanization. The goal is to investigate effects on 

climate and air quality of annual changes in the extent of urbanization over regions of 

mega urbanization in Asia and to compare with other regions in the 2000s.   

•  This model nests climate, meteorological, gas, aerosol, and radiative parameters 

simultaneously from the global through urban scale. simulates meteorology and its 

feedback among gases, aerosol particles, cloud hydrometeor particles, surfaces, and 

radiation. Gas processes include emissions, photochemistry, gas-to-particle conversion, 

gas-to-hydrometeor conversion and exchange, gas-ocean exchange, advection, 

convection, molecular diffusion, turbulent diffusion, and dry deposition.  

•  At the land surface, each subgrid soil class is divided into vegetated and bare soil. Snow 

can accumulate on both soil and vegetation. For bare and vegetated soil, the surface 

energy balance equation accounts for latent heat, sensible heat, solar, thermal-IR, and 

energy fluxes.  

•  Oceans are represented in 3-D for some calculations and 2-D for others. A 2-D time-

dependent mixed-layer ocean dynamics model driven by surface wind stress is used to 

solve for mixed-layer velocities, heights, and horizontal energy transport in each cell. The 

scheme conserves potential enstrophy, vorticity, energy, and mass and predicts gyres and 

major currents. Air ocean exchange, vertical diffusion, 3-D ocean equilibrium chemistry 

and pH are solved among the Na-Cl-Mg-Ca-K-H-O-Li-Sr-C-S-N-Br-F-B-Si-P system. 
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Modeling – GATOR-GCMOM 
Mega urbanization impacts in 2000s  

Quantifying changes in 2000-2009 
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Model – GATOR-GCMOM 
Mega urbanization impacts in 2000s  

“Ring Around the Beijing” 
 

•  Increasing urban heat 

•  Drier soil condition 

•  More air stagnation 

•  Worse smog condition 

•  More ozone pollution 

•  More pollutant mixing 
upward  

Model results from Jacobson 



2000 
Eastern Central China 

Formation of Mega-Agglomeration 
Challenging the Westphalian System 

Changes between 2000 and 2009 

2009 
Eastern Central China 
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 DSM Assessment of Ground-Water Contamination  

Stevenazzi  
et al., 2014 
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POPLEX Field Campaign 
2-17 May 2014, Italy 

22 participants, 14 institutions, 
5 countries, 12 satellites,   

many in-situ networks   
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