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TCCIP Project Structure 

Team1 
Observation and model 

output analysis  

Team2 
Downscaled projection 

production 

Team3 
• Researches on data applications for users 
• Uncertainty analysis 

Team4 
Information service, communication, results 

promotion 

CMIP5 data、High-resolution GCM 

Downscaled data 
Data analysis and 
correction in Taiwan area 

Needs for 
phenomenon analysis 

Model outputs analysis 

Weather information collection 

Experiences and knowledge 
of application 

Key knowledge and tools 

• Projection 
data 

• Trends of 
climate 
change 

• Observation 
data 

• climate change 
trends 

• Science 
technology 



About Taiwan 

• Area: 36,193 km2 

• Population: 23 million 
• Density: 644/km2(17th) 

•  GDP: 2,2000 US (39th) 
• HDI: 0.89 (23rd) 
• Developed country 

(Wikipedia)  



(East rift valley : Photo by Tourism Bureau, Taiwan)  

Complex terrain  

• Larger part of mountain area (70%) 

• Short river, swift current, steep slopeland, alluvial plain  



(Kenting : Photo by Tourism Bureau, Taiwan)  

Long coastline 

• Taiwan has a coastline of 1,566.3 km  

• Coastal inundation, storm surge, erosion 



(Taipei 101: Photo by Tourism Bureau, Taiwan)  

Highly urbanization 

• Populations of 5 major cities are over 2 millions in Taiwan.  



Highly economic loss risk for natural disasters 





Pacific Ocean 

Typhoon 

Mei-Yu  

Seasonal monsoon 
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3 Major Climate/Weather Hazards in Taiwan 



Typhoon with extreme rainfall  

• The increase of extreme events is evident in 
recent 10 years. 
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Decade 

Typhoon with extreme rainfall in Taiwan 

Top 20 events(195 total)  was chosen by 5 extreme rainfall indices 



More and More Extreme Events in Taiwan?  

•  Typhoon Morakot (2009) 
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2467 
2361 1825 

1624 

 0805-0810   
accumulated rainfall  

 24 to 48 hours accumulated 
rainfall is high enough to close 
to the world record 

 World record 

 Morakot 



More and More Extreme Events in Taiwan ? 
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Debris flow 

Typhoon Megi (2010) 

Urban flooding 

Typhoon Fanapi (2010) 



More and More Extreme Events in Taiwan ? 

• There are some possible linkages between extreme 
rainfall and climate change, and we need more concrete 
study to identify the causing factors and ways for reduce 
future impact. 

 

• In order to realize the possible trend and future scenario 
of climate change, Ministry of Science and Technology   
(MOST) launched  “Taiwan Climate Change and 
Information Platform Project ” (TCCIP) at 2010 to provide 
scientific support to decision makers. 



Pseudo Global Warming Experiment 
for Historical Typhoons 



Pseudo Global Warming Experiment for Historical 
Typhoons 

 In case typhoon relocation still miss the worst case, a perfect storm from past 
is moved to global-warming environment to simulate as a substitute. 

 Superposition circulations of future change and historical events 

 𝐶𝑃𝐺𝑊 = 𝐶ℎ𝑖𝑠𝑡𝑜𝑟𝑦 + 𝐶𝑓𝑢𝑡𝑢𝑟𝑒  −  𝐶𝑝𝑟𝑒𝑠𝑒𝑛𝑡 ;  𝐶 :  T、RH、U、V、、SST 

 Consider circulation change of MRI-AGCM3.2S in 2075-2099 A1B 

 2009 typhoon Morakot (top rainfall record ~3000 mm) 

Precipitation change 
rate over Taiwan 
island can reach 40%.   

 

Global warming may 
increase the impact 
by %? 



Inundation Model-FVCOM 

 Solve the Primitive Equations : Provide high-accuracy 

Simulation for Fluid. 

 Parallel Computing: Provide high-efficiency 

performance. 

 Unstructured Grids: Provide the accurate fitting of the 

irregular coastal geometry. 



Time-Series Distribution of Inundation Extent and 
Precipitation 

Inundation Extent of 2009 Morakot 

Precipitation of 2009 Morakot 



Maxi. Inundation of 2009 Morakot  

Historical event In A1B PGW situation 



Time series of maxi. inundation area/depth 

Maximum Inundation Area 

6.1% 

Maximum Inundation Depth 

6.8% 



 Loss Assessment 





TLAS includes 7 models 

Affected 
Household 

(AH) 
Land Loss Loss of construction and industries 

Apart-
ment 
/house 

Primary 
industry 

(PI) 

Secondary 
industry 

(SI) 

Public 
facilities 

(PF) 
road 

prevention 
Facilities 

(FPF) 

Government 
institutions and 

equipment 

schools  

Hospitals  

Floodgates  

Water pumps 

dykes  

ditches 

1 

2 

3 4 6 7 

Building land 

Agricultural land  

Wood land  

Social welfare 
facilities   

industry 

commerce 

agriculture  

forestry 

fishery 

Livestock 
breeding 
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Historical event In A1B PGW situation 
 



Tai-Nan City 
Downtown 

Tan-Nan 
         Science Park 

Agriculture and 
 Aquaculture Industry 

Area 

Xue-Jia  
Suburb Housing Area 



11 % 

17 % 

9 % 

6 % 

28 % 

11 % 

5 % 

7 % 

Total loss will increase 

US$  42 million 

358  

1,915  

2,610  

2,576  

6,156  

9,410  

16,987  

50,154  

384  

2,022  

2,937  

3,601  

6,569  

10,346  

20,520  

56,348  

0 20,000 40,000 60,000

Agriculture Loss

Commerce Loss

Public Facility Loss

Tourism Loss

Industry Loss

Hydrulic Facility Loss

Housing Loss

Transpotation…

MORAKOT+ 40% (Million NTD) MORAKOT(Million NTD)In A1B PGW Case 



 

 

 

 

 

 

 



Project   Method Content 
 1   

   
    

 2 
 

  
     

  
 

 3   
  

  

  of 

 4 
 

  
 

    

 5 
 

   
   

 ,  

 6   
-    

   

27 



PROJECT   Method Content 
 1   

   
    

0.5m 

29km 

16km 

29km 

28 
  



PROJECT   Method Content 
 2   

     
  

9.8km 

29 
  

 

 

 



SCHOOL 
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Taiwan Case 

Dig 50 cm depth Park lot 18 cm depth 



Public  Parks 
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PROJECT   Method Content 
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America Case 

Surface runoff control  

  



PROJECT   Method Content 
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22km 



Regional drainage and sewer 
system (Pump stations or set 
up pump machines) 
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PROJECT   Method Content 
 6   

-    
   or set 

up pump machines 



    
1 p1 17 p3+p5 

2 p2 18 p3+p6 

3 p3 19 p4+p5 

4 p4 20 p4+p6 

5 p5 21 p5+p6 

6 p6 22 p1+p2+p3 

7 p1+p2 23 p1+p2+p4 

8 p1+p3 24 p1+p2+p5 

9 p1+p4 25 p1+p2+p6 

10 p1+p5 26 p1+p3+p4 

11 p1+p6 27 p1+p3+p5 

12 p2+p3 28 p1+p3+p6 

13 p2+p4 29 p1+p4+p5 

14 p2+p5 30 p1+p4+p6 

15 p2+p6 31 p1+p5+p6 

16 p3+p4 32 p2+p3+p4 36 



    
33 p2+p3+p5 49 p1+p3+p4+p6 

34 p2+p3+p6 50 p1+p3+p5+p6 

35 p2+p4+p5 51 p1+p4+p5+p6 

36 p2+p4+p6 52 p2+p3+p4+p5 

37 p2+p5+p6 53 p2+p3+p4+p6 

38 p3+p4+p5 54 p2+p3+p5+p6 

39 p3+p4+p6 55 p2+p4+p5+p6 

40 p3+p5+p6 56 p3+p4+p5+p6 

41 p4+p5+p6 57 p1+p2+p3+p4+p5 

42 p1+p2+p3+p4 58 p1+p2+p3+p4+p6 

43 p1+p2+p3+p5 59 p1+p2+p3+p5+p6 

44 p1+p2+p3+p6 60 p1+p2+p4+p5+p6 

45 p1+p2+p4+p5 61 p1+p3+p4+p5+p6 

46 p1+p2+p4+p6 62 p2+p3+p4+p5+p6 

47 p1+p2+p5+p6 63 p1+p2+p3+p4+p5+p6 

48 p1+p3+p4+p5 37 



0

200

400

600

800

1,000

1,200

1,400

N
o

. 5
N

o
. 3

N
o

. 1
7

N
o

. 1
N

o
. 1

0
N

o
. 4

N
o

. 1
9

N
o

. 2
N

o
. 1

4
N

o
. 8

N
o

. 2
7

N
o

. 1
6

N
o

. 3
8

N
o

. 9
N

o
. 2

9
N

o
. 1

2
N

o
. 3

3
N

o
. 7

N
o

. 2
4

N
o

. 1
3

N
o

. 3
5

N
o

. 2
6

N
o

. 4
8

N
o

. 2
2

N
o

. 4
3

N
o

. 3
2

N
o

. 5
2

N
o

. 2
3

N
o

. 4
5

N
o

. 4
2

N
o

. 5
7

N
o

. 6
N

o
. 2

1
N

o
. 1

8
N

o
. 4

0
N

o
. 1

1
N

o
. 3

1
N

o
. 2

0
N

o
. 4

1
N

o
. 1

5
N

o
. 3

7
N

o
. 2

8
N

o
. 5

0
N

o
. 3

9
N

o
. 5

6
N

o
. 3

0
N

o
. 5

1
N

o
. 3

4
N

o
. 5

4
N

o
. 2

5
N

o
. 4

7
N

o
. 3

6
N

o
. 5

5
N

o
. 4

9
N

o
. 6

1
N

o
. 4

4
N

o
. 5

9
N

o
. 5

3
N

o
. 6

2
N

o
. 4

6
N

o
. 6

0
N

o
. 5

8
N

o
. 6

3

C
O

ST
  (

U
SD

 M
ill

io
n

) 

Adaptation  Projcets 

Ex: Adaptation Budget (2) 

Ex: Adaptation Budget (1) 
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29km 

16km 

29km 

    0.5m 



0.2  55  11  52  0.1  0.9  2  3  
0.4  

173  

24  

218  

5.4  1.2  7  10  

Agriculture
Loss

Transpotation
Facility Loss

Hydrulic
Facility Loss

Housing Loss Industry Loss Commerce
Loss

Public Facility
Loss

Tourism Loss

After Adaptation Loss (Billion NTD) Before Adaptation Loss (Billion NTD)

59% 

68% 

54% 

76% 

98% 23% 
68% 

69% 



Thanks for your attention 




