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Doctoral research design 

Effects of land use and land cover change on climate
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Urban heat island in China Tibetan Plateau



Discussion on a paper
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Background

 The Urban Heat Island (UHI) has great influence on local 
residents and regional climate.
 Impact factors:
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Scientific questions

 What are the quantitative contributions of impact factors? Is 
evaporative cooling the driving factor of UHI?

 What is the effect of climatic context on UHI?
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Method
• Remote Sensing

• MODIS-Aqua land surface temperature (8-day, 1km, 2003-2012)

• Night-time(1:30) and daytime (13:30) 
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• Climate Model

• Community Earth System Model (CESM)

• Resolution: 0.31°(latitude)  × 0.23°(longitude)

• Clear day, 1:00 and 13:00, 1972-2004 (60yr spin-up)
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(http://www.cesm.ucar.edu/models/ccsm4.0/)



Urban

Canyon

(Keith Oleson, 2011)
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• Attribution of UHI

①: Radiation balance

②: Aerodynamic resistance (convection)

③: Bowen ratio

④: Heat storage

⑤: Anthropogenic heat addition
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Results
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Aerodynamical resistance

e: rural land (39s m-1) < urban         
land (62 s m-1)

d: rural land (66s m-1) > urban 
land (53 s m-1)
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“It is the changes in convection efficiency that control the daytime              
-precipitation spatial covariance among the cities.”

T
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Comparison between two cities

Identical morphological and 
biophysical specifications 
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The sensitivity to precipitation

Billings (353mm)

Richmond (1183mm)
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Billings (353mm) Richmond (1183mm)
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Mean value = -0.0021K mm-1 (eastern US)
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Heatwave climatology

• Heatwave intensity: multiples of standard deviation of 
summertime temperature from climatological mean

• For southeast US, daytime     (3.9K) is equivalent to

• 500mm reduction in annual precipitation (-0.0021K mm-1 )  
1.1K or      increase in daytime

0.6K  (North American mean value)

7
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Discussion

 Compared with other biophysical factors, increasing urban 
albedo can be a viable way to mitigate urban heat island.
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Doctoral research design 
Effects of land use and land cover change on climate
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Urban heat island in China The Tibetan Plateau

Choosing representative cities

1) The mechanism forming daytime and night-time UHI 
2) Separate the contributions of factors to UHI
3) Understand the effect of climatic context on UHI

MODIS LST CESM-CLMU



Chosen cities in China
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The Tibetan Plateau

(Shi and Liang, 2014) 
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 The sensible heat flux reached the 
lowest value in winter and decreased 
with latitude.

 In spring, summer and autumn, the 
high values were located in the western 
plateau, the mountain ranges and 
basins of the western plateau, and the 
Himalaya ranges in the south TP, 
respectively.

 The sensible heat flux was lower in 
summer than that in spring in the 
eastern TP.

(Shi and Liang, 2014) 
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 The latent heat flux increased from 
northwest to southeast over the TP in 
all seasons.

 In summer, the high values were 
located in the eastern TP and in the 
South boundaries.

(Shi and Liang, 2014) 
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“Sensible-heat driven air pump”

(Xu et al, 2009)

Warming: GHGS and black soot

East Asia monsoon

Glaciers Melting

Albedo Change

Degrading Permafrost (Qiu, 2008)

Mechanical Thermal
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MODIS Albedo (3 Tibet sites)

TibetAmdo (32.2409°N 91.625°E)

Complet 149 (31.7984°N 97.5766°E)Complet 151 (36.5161°N 76.5282°E)
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Monthly mean albedo (2001-2012)
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Winter

Spring



27

Summer

Autumn



Thank 
you


