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Figure 1
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ECHAM5:     domain:192x96     
Δx=1.875 degree

WRF:  
Domain1 : 301x301   
Δx,y=15km    FDDA 

Domain2 :  382x400 
Δx,y=5km, vertical 45 levels
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Dynamic downscaling
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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
(2075-2099)-(1979-2003)
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WBGT, western North Pacific 
subtropical high and climate 
variability 

Heat waves in Taiwan:TC
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Temperature variations:
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Application: Heat wave study 

 Definition: Daily maximum temperature:
 Hot day threshold: daily maximum temperature above their 

respective 95th percentile for the whole simulation period.
 Heat wave event: a hot spell of at least 3 consecutive hot days.

 Whole period(1971-2010):
TP= 35.2 °C; TC=34.0 °C; KH=and 33.3 °C
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Heat waves variation
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WBGT estimation

 Wet Bulb Globe Temperature (WBGT):
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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(𝑅𝑅𝑅𝑅% + 8.313659)
1
2� + atan(𝑇𝑇 + 𝑅𝑅𝑅𝑅%) − atan(𝑅𝑅𝑅𝑅% − 

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

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)

𝑇𝑇𝑔𝑔- 𝑇𝑇𝑑𝑑=0.017* S-0.208* U
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WBGT estimation from Observation 
during summer (JA)

95th percentile WBGT 
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(Ref:美國陸軍)

Taipei Taichung Kaohsiung

2003-2012 32.6 31.5 32.2

Japan sports association (2006), the five categories of heat 
stress risk level by using WBGT are danger (WBGT >=31 °C), 
alert (28<WBGT<31 °C), advisory (25<WBGT<28 °C), caution 
(21<WBGT<25 °C) and mostly save when WBGT <21 °C. 
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WBGT estimation from Observation  and 
ECHAM5-WRF during summer (JA)

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

Taichung: 4.22%
Kaohsiung: 11.28% TC
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Spatial distribution of composite 
Heat Wave 
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Definition:
1. Tmax: plain-averaged (<500 m) daily maximum temperature
2. Hot day threshold: the 95th percentile of annual Tmax [25 years, all seasons=9131 

daily samples]:457 days 
3. Heat wave event: Tmax exceeding 95th percentile for at least 3 consecutive days
Datasets (HWs) 
TCCIP (324);  NCEP-wrf(272);  ECHAM5(268);  ECHAM5.future(276)
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Plain averaged T-max
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Heat waves Composite anomalies
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Global warming and  
cooling energy in TaiwanTC
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• The annual cooling energy 
consumption in the time 
slices of the 2000s, 2020s, 
2050s, and 2080s

31%
59%

82%

35.1

46.0

55.8
63.9

Tradition: Morphing Method + GCM
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Cooling/Heating degree day analysis of 
meteorological data

CDD and HDD calculated against the base 
temperatures of 23°C and 18°C
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Cooling degree day analysis
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UHI on the increase of CDD and 
the decrease of HDD

0

500

1000

1500

2000

2500

1979-2003 2015-2039 2075-2099 1979-2003 2015-2039 2075-2099

Cooling Degree Day Heating Degree Day

D
eg

re
e-

D
ay

s

City
Town
Countryyard
Hill area

TC
CIP

 

成果發表會



23.95

24.05

24.15

24.25

24.35

120.35 120.45 120.55 120.65 120.75 120.85 120.95

Spatial distribution of cooling 
energy variation in three time slices
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在近未來，範圍為0.07-21.64 kWH/m2-year，
相較於過去期間平均增幅為24%；
在遠未來，範圍為1.36-39.08 kWH/m2-year，
相較於過去期間平均增幅為184%。
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Morphing Method + GCM
 Shifting:
 Linear stretching:
 Combination of shifting and stretching:
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Future: MIRCO3.2-MED (Japan
Reference: TMY 
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