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Typhoon with extreme rainfall  

• Increase in extreme events in recent decade 
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Typhoon with extreme rainfall in Taiwan 



09/18/00 09/18/12 09/19/00 09/19/12 09/20/00 09/20/12 09/21/00
0

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

2010

時
雨
量

 (
m

m
/h

r)

岡山 (C1V41)

09/18/00 09/18/12 09/19/00 09/19/12 09/20/00 09/20/12 09/21/00
0

100

200

300

400

500

600

700

800

900

1000

1100

1200

1300

1400

1500

累
積
雨
量

 (
m

m
)

~600 mm/6hr 2010/10/21 蘇澳站時雨量

0.0

50.0

100.0

150.0

200.0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

2010.10.21 Suao station hourly rainfall 

183 mm/hr 

100 mm/hr 

Debris flow 

Typhoon Megi (2010) 

Urban flooding 

Typhoon Fanapi (2010) 

Impacts of Heavy Rainfall (Duration, Intensity) 

• Is this really a trend? 
• Do we have enough capability to 

understand, simulate, and forecast? 
• Will more extreme events and larger 

impacts occur in the warming future? 



Study on Climate Change and Urbanization/Land Use 
(SCUD/Academia Sinica) 

Dynamical Downscaling - Urban Period: 2013-2015 

Taiwan Climate Change Information and Projection 
Platform (TCCIP/MOST) 

Dynamical Downscaling - Regional Period:  2010-2012, 2013-2016 

 Consortium for Climate Change Study (CCliCS/MOST) 

Climate Modeling - Global Period: 2011/2012-2015/2016 



From Global to Urban 

 Earth System Model CESM1/NCAR  TaiESM 
  “Complete” Earth System, coarser resolution: 100-200km 
 

High-res. Atmospheric General Cir. Model HiRAM/GFDL 
  Ability to resolve extreme weather events, 23km, atmosphere 

only 
 

 Regional Model WRF/NCAR 
Regional downscaling to 5-10km 

 

Urban Canopy Model UCM/Tsukuba U. 
  Urban downscaling: 0.5-1km 



Earth System Model 



CESM1/NCAR  TaiESM v1 (Taiwan Earth System Model) 

Cumulus parameterization  
(ZMMOD, Wang et a. 2015) 
 diurnal 

Cloud fraction-GTS macrophysics 
(Wang et al, Shiu et al.) 
 Energy budget, water content 

3-D solar radiation surface 
Absorption (Lee et al,  
2011, 2013) 
 surface engery, snow, runoff  

Irrigation (Wey et al. 2015) 
 Terrestrial forcing 

SiT ocean mixed-layer  model   
(Tsuang et al, Tseng et al. 2014) 
 MJO 

SNAP aerosol scheme 
(Chen et al. 2013) 
 aerosol 



Improved simulation of diurnal rainfall propagation 
over the Borneo Island 



Cloud liquid water path 

CAM5.2+JP2M (t1d50) 

CAM5.2 Ctrl UWisc 1988-2008 

AMSR-E v7 (2003-2010) 

Model Observation 

Implementation of warm cloud microphysics to 

deep convection: Improvement of cloud LWP  

A two-moment warm cloud parameterization (Chen and Liu 2004) is 

implemented into the deep convection scheme of CAM5 for treatment of 

conversion of cloud liquid to rain. (Chein-Jung Shiu and Jen-Ping Chen) 





Coupling 1-D (TKE) ocean mixed layer model (SIT) to ECHAM5 
Significant improvement in MJO simulation 
(joint effort with Noel Keenlyside, B.J. Tsuang) 
 

Similar improvements seen in two different models. 



No phytoplankton With Phytoplankton 

 Phytoplankton enhances convection in typhoon 

droplet Ice grauple rain snow 



Earth System Model (100-200km)   
High-resolution Global Atmospheric Model  

(HiRAM, GFDL/NOAA, 23km) 



A “TC” in HiRAM 



High-res. Simulation and Projection of Climate Change 
HiRAM: 1979-2008, 2075-2100 (RCP8.5) 

(C.-Y. Tu, P.-J. Chiu, Lex Chang, S.-J. Lin) 

C.-Y. Tu 



TC 
Counts 

AMIP RCP8.5 

NIO 5.7 6.1 

WNP 35.8 20.4 

ENP 15.9 21.1 

ATL 8.6 6.0 

SIO 18.2 14.2 

SP 17.7 10.3 

SA 1.3 1.6 

HiRAM C384 
similar in C192  

Present 

End of Century 



Changes in typhoon frequency  
and strength 

 Significantly 
reduced in 
number but 
strengthened 

 Rainfall within 
200 and 100 
km radius 
increased by 
44 and 20 %  

 

FIG. Distribution of TWCN TS track frequency (shaded, unit: numbers per 2.5o 

longitude/latitude per season period) in JUN.-NOV. 

C.-H. Tsou and P.-Y. Huang 
(TCCIP，NTNU) 



for IPCC AR6 
AR5-COP21 scientific basis 



Bird view of Taiwan in different scales 
不同空間解析度鳥瞰台灣 

5 km 30 m 25 km 



5 km  
Regional models 

20km  
Climate Models 

For US, downscaling to few 
tens of km may be enough. 

For Taiwan, we need to downscale to few 
km or even finer scale.  

Purpose: To increase spatial resolution 



Downscaling using fine-res. dynamical model 
Global  Regional (HiRAM-WRF) 

Downscaling  using  WRF model 
Driven by 23 km HiRAM AGCM 
dom1: x=5km 380x400 
grids 
36 vertical layers 
20-layer buffer zone 



SST in AGCM 

Present (1979-2003) 

the observed sea surface temperature (SST) and 

sea-ice concentration 

Future (2075-2099) 

the SST and sea-ice anomalies of the CMIP5 

multi-model ensemble mean are added to 

the observations, retaining the present 

interannual variability 

20~30 km AGCM CMIP5 AOGCMs 

   Ocean 

Atmosphere 

SST 

Lower 
B.C. 

Projected 
SST 

SST 

Atmosphere 

Time-Slice Experiments 

Models:  MRI-AGCM with 20km resolution 
 HiRAM with ~25km resolution 
 CAM5 with ~25km resolution 

TCCIP1/TCCIP2 Dynamical Downscaling:  

25km(AGCM)  5km(WRF) 

5 km RCM 

Initial, Lateral 
& Lower B.C. 

Projected 
circulation 

and SST 
C.-T. Cheng 



 TCs were well simulated by super high resolution AGCM.  

 RCM can provide more realistic and detailed information. 

Typhoon Precipitation: Effect of downscaling 

AGCM 

RCM 

AGCM 

RCM 



Typhoon Rainfall simulation 
driven by three AGCMs 

2
4 

OBS MRI HiRAM CAM5

OBS MRI HiRAM CAM5

Simple Day Intensity Index (SDII, mm/day) of 
typhoon precipitation is comparable to observation 



Projected Future Change in Typhoon Rainfall (RCP8.5) 

MRI (1979-2003) MRI (2075-2099)

HiRAM (1979-2003) HiRAM (2075-2099)

MRI (1979-2003) MRI (2075-2099)

HiRAM (1979-2003) HiRAM (2075-2099)

MRI

HiRAM

MRI (1979-2003) MRI (2075-2099)

HiRAM (1979-2003) HiRAM (2075-2099)

Change rate of  
TC rainfall change 

Change rate of 
TC SDII 

Increased rainfall intensity 
(Stronger typhoons) 

Decreased total rainfall 
(fewer typhoons) 



Pseudo Global Warming Experiment for Historical Typhoons 
- Typhoon Morakot (2009) in the end of 21st Century 

 Consider circulation change of MRI-AGCM3.2S in 2075-2099 under A1B scenario and 2009 
typhoon Morakot (top rainfall record : 3000 mm in 5 days) 

 48 ensemble runs. 

 Precipitation increase rate over southern plain can reach 40% (from 3000 mm to 4200 
mm) 



(台大賴進貴教授提供) 

 Global Warming vs. Historical Land Use Changes 
 

- Taipei as an example 

Effect on Urban Climate? 



     Regional scale 

Local scale 

Dynamic Effects 

Thermal effects 

     Urban scale 

Regional to Urban 



Urban Canopy model  (UCM) 
(Kusaka et al. 2004) 

Ta is the air temperature at reference height za,  
TR the building roof temperature,  
TW the building wall temperature,  
TG the road temperature, and  
TS the temperature defined at zT +d.  
H is the sensible heat exchange  
               at the reference height.  
Ha is the sensible heat flux from the canyon 
       space to the atmosphere,  
 HW is  from wall to the canyon space, 
HG  is from road to the canyon space, 
HR  is from roof to the atmosphere 

Noah-LSM module 

UCM module 

Surface-driver 

WRF-solve 

 WRF-Noah-UCM modeling system 
 

Chun-Yao Lin 



MODIS 

Observation 

Original 
WRF-USGS 

(Lin et al. 2011, JAMC) 

Using realistic land use  
improves afternoon  

thunderstorm simulation 

 Model Improvement:   
land use (vegetation) 

summer thunderstorm 



氣候變遷與都市發展/土地利用研究 (永續中心計畫) 

Combined effect of urban development  and global warming  

Dispersed  
Urban Dev. 

Compact 
Urban Dev. 

Warming + 
Compact 

Warming 
effect 



1,000 wind farm to be installed in Taiwan Strait     
  Environmental impacts? 

 Efficiency and prediction of wind power? 

Impact on  

ocean current 



Earth scale – TaiESM  
(100-200km) 

TCCIP 

CCliCS 

Cross-scale Climate Modeling System 

RCEC/AS 

(20km) 

(< 5km) 

(5-10km) 

Large eddy scale (< 1km) 



Thank you for Your Attention 



Computing & Storage Demand (Basic) 

(ALPS: 177 T-Flops, 25,600 CPUs, 225M SU/yr) 
MIPs Model Computing Storage 

CMIP6 

(DECK) 

TaiESM 1o 

991 model years 

4.31M SU 

(8*544 SU/yr) 

60TB 

(60GB/yr) 

HighResMIP HiRAM C192 & C384 

66 model years (Tier 1 only, no DECK) 

4.84M SU 

(73,344 SU/yr) 

370TB 

((4.6+1)TB/yr) 

PMIP TaiESM 1o 

200 model years 

0.87M SU 12TB 

CFMIP TaiESM 1o 

174 model years 

0.76M SU 10.4TB 

AerChemMIP TaiESM 1o 

600 yrs AMIP+1274 yrs coupled 

8.11M SU 112.4TB 

GMMIP TaiESM 1o 

144 yrs AMIP 

0.63M SU 0.86TB 

 

GMMIP 

 

HiRAM C192 

80 yrs extra from HighResMIP 

0.68M SU 

(8,448 SU/yr) 

80 TB 

(1TB/yr) 

Total GMMIP - TaiESM 1o 

(GMMIP - HiRAM C192) 

19.52M SU 

(19.57M SU) 

566TB 

(645TB) 


