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World Urbanization Prospects 



The importance of land use change 



(provided by Prof. Lai Chun Kuei, NTU) 

 Urbanization History of Taipei 

1895 1904 1925 

1959 1988 2000 



Heat wave in Taipei 

1981-2006 energy consumption v.s population
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Urban heat island effect: 
 

Elevated temperatures in urban environments. (Photo: NASA) 



a 
Taipei average temperature in July and Aug. 

°C 

LST 
(Shiu et al.2009) 



     Regional scale 
Local scale 

Dynamic Effects 

Thermal effects 

     Urban scale 

Cross scale modeling system: From regional to 
urban scale (WRF-UCM) 



WRF/Urban Canopy Model 

• Single layer Urban-Canopy Model (1-D) (UCM, Kusaka et al., 2004) 

• UCM treats man-made surfaces 
– urban geometry (orientation, diurnal cycle of solar azimuth), symmetrical street 

canyons with infinite length  

– Shadowing from buildings and reflection of radiation 

– Anthropogenic heating 

– Multi-layer roof (HR), wall (HW) and road (HG) models 

Shadow and Radiation Trapping 
Temperatures and Thermal Transfer  

(Kusaka et al., 2004) 



Simulation UHI effect and UHI intensity 

(Lin et al. 2008 A.E.) 



MODIS 

WRF-Noah UCM model study the summer 
thunderstorm 

Observation 

Original 
WRF-USGS 

(Lin et al. 2011, JAMC) 



 MODIS Land use classification in Taiwan 

MODIS 500 m 

Original UCM (1-D)   
 urban fraction Def.=0.7 

              1km resolution, generated from100 m  resolution from  

                 National Land Surveying and Mapping Center.  
 ) 



Original UCM (1-D)   
 urban fraction Def.=0.7 

 
-Urban Fraction 

2-D UCM: urban fraction 

(1km resolution) 

MODIS 500 m 

 1-D UCM : 

       Urban Fraction is fixed =0.7  

 2-D UCM : 

• 2-D urban fraction : generated from 100 m  resolution from 
National Land Surveying and Mapping Center.  

 2-D Urban Canopy Model (UCM) model  



Original 1-D UCM AH=50 (W/m2) 

(1km resolution) 

 1-D UCM : 

   Anthropogenic heat(AH) is fixed= 50W/m2 

 2-D UCM : 

– Anthropogenic Heat  

• 2-D anthropogenic heat is generated from 100 m resolution of 
building density (2006),  

• The maximum AH value is 50 W/m2.  

 2-D Urban Canopy Model (UCM) model 
-Anthropogenic heat  

2-D  AH map 



Obs. data 

Heat Wave case study 

• 2012/07/10 

• Taipei: 38.3℃  



Dom1=3km 
Dom2=1km 

Model Evaluation (WRF-UCM2D) 

NCEP-GFS/WRF-UCM2D 



UCM1D UCM2D 

OBS. 

Model Evaluation 



OBS. 

Model Evaluation 

UCM1D UCM2D 



UCM1D UCM2D 

OBS. 

Model Evaluation 



UCM2D UCM1D 

Model evaluation for 19 urban stations 
 



UCM2D UCM2D UCM1D 

daytime 

Figure 6 

nighttime 

Model evaluation at 19 urban stations 



UCM1D UCM2D 

Model evaluation for 21 non-urban stations 



daytime 

nighttime 

UCM1D UCM2D 

Model evaluation for 21 non-urban stations 



Temperature difference between modeling and observation  
at 21 non-urban stations 

Non-urban (FRC=0.0~0.4) 21 stations 



19 LST 

00 LST 

06 LST 



石碇 

新竹梅花 屈尺 

FRC=0.127 

FRC=0.373 FRC=0.04 



2012 July  
(excluded temp. data once rainfall ) 



Summer (Jul. and Aug.) 
 air Temperature in 2012 and 2075 

 2012  (NCEP-WRF/2D UCM) 
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Ongoing study 

• HiRAM-WRF/2D-UCM downscaling 

• ECHAM5-WRF/2D-UCM downscaling 

• Improve and examine land use classification and 

parameters(albedo, skyview, thermal conductivity, 

building height…..) 

• Anthropogenic heat estimation  

• Applications of different urban types’ (gather or 

dispersion) scenario in the future urban climate 
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Ongoing study 

• Consider urban height in UCM2D 

 

 

 

 

 

 

 

(Wu. et al. 2011) 

e.g. 



(Tsai K.H.  NTNU, 2010  MS thesis) 

population density 

AH sources: industry, buildings, vehicles, metabolism   

Uncertainty of anthropogenic heat estimation 

AH from building density 



AHF Estimation from Air pollutants 

• The new method suggested by the Lee et al. (2014) 
for gridded AHF estimation 

 

𝑌𝐴𝐻𝐹
𝐶𝑂 = 2.55 ×  𝑥𝐶𝑂

0.64                                                  (1) 

𝑌𝐴𝐻𝐹
𝑁𝑂𝑥 = 8.32 ×  𝑥𝑁𝑂𝑥

0.69                                                  (2) 

 

𝒀𝑨𝑯𝑭 = 𝜶𝒀𝑨𝑯𝑭
𝑪𝑶 + 𝟏 − 𝜶 𝒀𝑨𝑯𝑭

𝑵𝑶𝒙                                    (𝟑) 

 



Northern Study Area 

0.2-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 

(watt/m2) 



 
 

Thank you !!! 
 



 



Non-urban (FRC=0.1~0.2)  6 stations Non-urban (FRC=0.0~0.1)  6stations 

  Non-urban (FRC=0.2~0.3)  4 stations Non-urban (FRC=0.3~0.4) 5 stations 

Temperature difference between modeling and observation 



AH profile 



(石碇, Fr=0.13) (深坑, Fr=0.3) 

(新竹 梅花, Fr=0.04) 

2012 (7/10-12)  



2012 (7/10-12)  



FSH=ρsCpCh(TSK-T2m) 

Fsh  可感熱通量 
ρs     空氣密度 
Cp    定壓比容 
Ch    地面熱交換係數 
TSK   地表溫度 
T2m  地表兩米溫度 
 






