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Urban and rural population of the world, 1950-2050
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The importance of land use change

The Importance of Land-Cover Change in
Simulating Future Climates

Johannes J. Feddema, ef al.
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Regions of Strong Coupling Between Soil Moisture
and Precipitation

Randal D. Koster, et al.

_ Science 305, 1138 (2004);

AVAAAS DOI: 10.1126/science.1100217

Land-atmosphere coupling strength (JJA), averaged across AGCMs
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Urbanization History of Taipei
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Heat wave in Talpel
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Taipei average temperature in July and Aug.
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Cross scale modeling system: From regional to
urban scale (WRF-UCM)
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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

(i) lIshadow < Iroad (i) Ishadow > Iroad
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Temperatures and Thermal Transfer

(Kusaka et al., 2004)
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Urban heat island effect and its impact on boundary layer
development and land- sea circulation over northern Taiwan
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Fig. 10. The time series of urban heat island intensity among observation
and control run, case AHO, and case SLAB.
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WRF-Noah UCM model study the summer
thunderstorm
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MODIS Land use classification in Taiwan

MODIS 500 m

25N

L o R, : o e i [
120.6E 120.8E 121E 121,26 121.4E 121.6E 121.8E 122E

Original UCM (1-D)
Burban

urban fraction Def.=0.7 °

BMix Shrb./Grs

Drylnd Crop. W Savanna
Irrg. Crop. B Decis. Broadlf.

BMix. Dry/irrg. C.P.  [lIDecis. Needif.
BCrop./Grs. Mosaic  JlJEvergrn. Braodlf.
Bl Crop./Wood Mosc ~ lEvergrn. Needif
r Grassland Mixed Forest
iShrubland .Water bodies

1km resolution, generated from100 m resolution from
National Land Surveying and Mapping Center.



2-D Urban Canopy Model (UCM) model

m 1-DUCM:
Urban Fraction is fixed =0.7
m 2-DUCM:

-Urban Fraction

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

Original UCM (1-D)

urban fraction Def.=0.7 |

: 2-D UCM: urban fraction
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(1km resolution)
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2-D Urban Canopy Model (UCM) model

-Anthropogenic heat
H 1-DUCM.:
Anthropogenic heat(AH) is fixed= 50W/m?
®m 2-DUCM:

— Anthropogenic Heat

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

* The maximum AH value is 50 W/m?.

Original 1-D UCM AH=50 (W/m?)’

(1km resolution)



e« 2012/07/10
* Taipei: 38.3C

7/10 00:00 ~ 7/11 00:00

Obs. data

PRARSR

Heat Wave case study

BEAN T JLE4AE AKESE

£) B B4 s - 2012575128 F54i25

( EERHRCERRE MER - MEH - BRE - BEES - B5R iFa#E ) 2R
L FEECHE IRGITESEEM - ZEER - AREZFERE=ELEA
B METESRBRERINNINARS - THHRE Tt BURRE - EEIFERER
I - OE - BT ERSEREBIE - (EhEN 2R \SEUBTER

ItHEEE —RAEMREE
FEGICTRTEBNETARELEE
% EEREABESEE  THERN
RREFERTEERE - MAEEaETE

BETHE

2 Gk \ L S ! . Surface Temperature
B4k 7] [ . wh 1 U

an
3s
33
3l
22
y)
25
23
21
12
17

PREFEE _|
S Centra!l Weather Bureau



Model Evaluation (WRF-UCM2D)
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Model Evaluation
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Model Evaluation
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Model Evaluation
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Model evaluation at 19 urban stations
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Model evaluation for 21 non-urban stations
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Model evaluation for 21 non-urban stations
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Temperature difference between modeling and observation
at 21 non-urban stations

Non-urban (FRC=0.0~0.4) 21 stations
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air Temperature in 2012 and 2075
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Ongoing study

HiRAM-WRF/2D-UCM downscaling
ECHAMS5-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



Ongoing study

* Consider urban height in UCM2D

e.g.

(Wu. et al. 2011)

lllustration of 3-D street canyon modeling using 3DUI
Where 3DUI. (m?3/pixel) is the 3-D Urbanization Index of pixel /,

Hdsm.(m) and Hdem. (m) denote the elevation recorded in DSM and DEM of
pixel i, respectively, and A.(m?) is the size of pixel i (5 m x 5 m = 25 m?).



Uncertainty of anthropogenic heat estimation

ing density

AH from build

' " A‘;' 4 : .’-‘ - 1 ll’; f‘ 79 —f‘ g A 4 -
. E o ) : 2 I W) SRS
"""" TS O B L f ad g DRI

2008 #F

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

AH sources: industry, buildings, vehicles, metabolism



AHF Estimation from Air pollutants

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

Y9 = 2.55 x x25* (1)
Vi =832 x x%8° (2)

NO,
YAHF s aYﬁgF + (1 — a)YAHF (3)
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Temperature difference between modeling and observation
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AH profile
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Model and Obervation Temp
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