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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)





(Sailor D.J. 2011)

Urbanization and urban heat island effectBackground-



(provided by Prof. Lai Chun Kuei, NTU)

Urbanization History of Taipei

1895 1904 1925

1959 1988 2000



a
Taipei average temperature in July and Aug.

°C

LST

Urban heat island effect and heat waves in Taiwan

(Shiu et al.2009)



Model improvement



Regional scale
Local scale

Dynamic Effects

Thermal effects

Urban scale

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



WRF/Urban Canopy Model

• Single layer Urban-Canopy Model (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 Defined and implemented urban

canopy parameterizations such as
height-to width ratios and sky view
factors into model formulations



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

-Urban Fraction

2-D UCM: urban fraction

(1km resolution)

 Original UCM :

Urban Fraction is fixed, for instance 0.7, or given in three types of urban

 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 

(Lin et al. 2016)



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

(1km resolution)

 Original UCM :

Anthropogenic heat(AH) is fixed, for example, 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

(Lin et al. 2016)



Urban (red dots)
Non-urban (yellow dots)
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daytime

WRF-UCM WRF-UCM2D

Non-urban WRF-UCM2DNon-urban WRF-UCM

nighttime

Model evaluation for 21 non-urban stations

Non-urban WRF-UCM Non-urban WRF-UCM2D





I: Urbanization and Precipitation



 Precipitation max over urban: Calm condition

 Precipitation enhanced at downwind: weak regional winds (many papers)

 Moving regional storm: Cities can split convective storm, and change the 
behavior of convective precipitation, and enhance downstream 
precipitation. (Bornstein and LeRoy,1990; Bornstein and Lin ,2000; Baik et 
al., 2001; Niyogi et al. 2011)

 Urban reduces precipitation: less evaporation,  higher sfc temperature, 
sensible heat fluxes, and aerosol. Zhang, Chen, Miao (2009) JGR 

(Niyogi et al. 2011)

UHI effect impact on precipitation: 



Taipei Flash flood case
14 June, 2015

http://news.ltn.com.tw/news/life/breakingne
ws/1348906

189 mm/3hr
(13-16 LST)

(from Jou et al.2016)



14 LST 15 LST 16 LST

Taipei Flash flood case (14 June,2015)



Microphysics : WSM 5-class scheme
Long-wave radiation : RRTM
Short-wave radiation : RRTM
Surface layer : Revised MM5 Monin-
Obukhov scheme (Jimenez, renamed in 
v3.6)
Land-surface model : Unified Noah LSM
Boundary layer scheme : YSU scheme
Cumulus : Grell-Freitas ensemble
scheme(only Do1 and D02)
Urban canopy model:2D 

Version WRF 3.9 
Met. IC, BC: ERA5 dataset

D01: 6 km, 211x211;
D02: 2 km, 211x253;
D03: 666m, 241x166

Model domains and configures



Model evaluation



Precipitation and Radar reflectivity

(Radar figures source: Jou et al. 2016)
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Simulation Radar Reflectivity

12:10 ~ 16:00 LST



6 KM

2KM

14 LST 15 LST 16 LST

666 m

Observation



14 LST 15 LST 16 LST

666 m,AH=50
W/m2

666 m,AH=200,
W/m2

666m, AH=0
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(OBS,source: Jou et al.2016)



Accumulation Rainfall

AH=200AH=0

6KM 2KM 666m

OBS



Summary  I

• The correct and detail land use classification is crucial for the 
urban heat island modeling study. 

• With the improved WRF-UCM2D model, the oversimplified 
results can be avoided with the percentage of urbanization in the 
model grid nets more accurately identified according to the 
actual land use and building density for AH, not only in the city 
center but also in rural small towns.

• Numerical study also suggests that the heat-island effect could 
perturb thermal and dynamic processes and hence affect the 
location of precipitation in northern Taiwan. 



II: Regional climate change





ECHAM5-WRF dynamical downscaling 

ECHAM5:     domain:192x96     Δx=1.875 degree

WRF:  
Domain1 : 301x301   Δx,y=15km    FDDA 
Domain2 :  382x400 Δx,y=5km, vertical 45 levels

75 years simulation: 
1979-2003; 2015-2039; 2075-2099 

ECHAM5

domain1

domain2



Dynamic downscaling results Evaluation 

(Lin et al. 2015)



JJAMAM SON DJF

Plain Mountain

The projected warming trend shows altitudinal variations with more 
significant temperature increase in mountain areas (altitude > 1000 m) 
than in plain areas (altitude < 500 m) and greater increase in the distant 
future 2075-2099.

During winter, the projected warming trend shows latitudinal 
variations with more significant temperature increase in northern 
Taiwan than in southern Taiwan

Results from ECHAM5-WRF

(Lin et al. 2015, IJOC)

(2075-2099)-(1979-2003)
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Regional climate change -Heat waves



Definition: Hot day and Heat waves

Daily maximum index: Tmax is derived by averaging the daily surface maximum air temperature
over plain (altitude<500m)

Hot day:  > = 95th percentile of this set of Tmax
Heat waves: hot spell lasting at least three consecutive days 

Composite daily maximum temperature of all 

heat wave days among four data sets

(1km Res.) (5 km Res.) 

(Kueh, Lin et al. 2017 ERL)



the 95th percentiles of Tmax obtained from 

TCCIP and ECHAM5-wrf (future), 

The current abnormal conditions would become normal in the future. 

(Kueh, Lin et al. 2017 ERL)

• box-and-whisker plots showing the plain-averaged daily Tmax

for three subsets



850 hPa geopotential height anomalies(shaded). 

1979-2003 2075-2099

Composite anomalies of all heat wave days for 
each dataset (JJA)

850 hPa temperature (shaded) and relative humidity (yellow+ , green-) anomalies

(Kueh, Lin et al. 2017 ERL)

118-125E
19-27 N



Heat waves- WBGT estimation

• Wet Bulb Globe Temperature (WBGT):

WBGT = 0.7Tw + 0.2Tg + 0.1Td                                                       (1)
Where Tw denotes natural wet-bulb temperature ( C) ; Tg = Globe thermometer   
temperature ( C) and Td = Dry-bulb temperature ( C) ; 

Tw = T atan  0.151977 𝑅𝐻% + 8.313659 
1

2 + atan 𝑇 + 𝑅𝐻% − atan 𝑅𝐻% −1 

1.676331 + 0.00391838(𝑅𝐻%)3/2 atan 0.023101𝑅𝐻% − 4.686035       2 

Stull R. (2011): 

Tonouchi et al. (2006):

Where Tg is globe temperature (°C), Td is dry bulb temperature (°C). S is a solar 
radiation (W/m2) and U is wind speed (m/s)

𝑇𝑔- 𝑇𝑑=0.017* S-0.208* U

• Why Wet-bulb globe temperature (WBGT): 

--Fischer and Schar (2010), the climatic factors contributing to enhanced morbidity
and mortality were a combination of extremely high temperature and relative
humidity.
--WBGT is an accepted international standard of heat stress, including T, RH, wind
speed and solar radiation.



• Japan Sports Association (2006), WBGT ≥ 31 °C means danger
for sports and exercise outdoor while WBGT ranging between
28 and 30 °C is at the alert level.

• US army:

(Ref:美國陸
軍)

Heat waves- WBGT estimation



WBGT estimation from Observation  and 
ECHAM5-WRF during summer (JA)

2003-2012 WBGT >31 °C:
Taipei : 10.74% 

(Lin et al., 2017 Climatic Change)

Taichung: 4.22%

Kaohsiung: 11.28%



Regional climate change and urban planning



Projection urban planning scenario 

(by Prof. 詹士樑&陳亮全)  

2036-dispersed 2036-compact

1995

(paper in prep.)



Land use change impacts on air temperature

3.Temp. difference (dispersed-compact)

2.Temp.difference-dispersed1.Temp.difference-compact
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Land use change and future warming impact 
on  air temperature

Future warming& compact

Mean Daytime Nighttime

Future warming & dispersed

Mean Daytime Nighttime



Ponds fill-up scenario impacts on temperature-
example in 2036

(Provided by Prof. 詹士樑&陳亮全)  

Ponds fill-up



0.01

1.1

1.32

平均溫度差
PF

Warming+PF Warming+PF+Dispersed

PF=Ponds fill-up

Ponds fill-up scenario impacts on temperature-
example in 2036



Summary II

• The projected warming trend shows altitudinal variations with 
more significant temperature increase in mountain areas 
(altitude > 1000 m) than in plain areas (altitude < 500 m) and 
greater increase in the distant future 2075-2099.

• During winter, the projected warming trend shows latitudinal 
variations with more significant temperature increase in 
northern Taiwan than in southern Taiwan.

• The current abnormal conditions would become normal in the 
future. Under the global warming trend, the WBGT in three 
cities indicated that the heat stress for 50% of the days in July 
and August by 2075-2099 will be at danger level (WBGT  31 °C)



(photo:WMO, “GURME” project  )

Summary


