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More and More Extreme Events in Taiwan ?
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Typhoon Morakot claimed almost 700 lives

B Massive deep landslide caused by Morakot

in this area




More and More Extreme Events in Taiwan ?

Typhoon Fanapi (2010)

fEL (C1V41)

130l ~600 mm/6hr
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Water in flood-prone areas is mainly
contributed by short-duration heavy
rainfall




Typhoon Megi (2010)

More and More Extreme Events in Taiwan ?
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During Megi



A Scientific Project: TCCIP

Central Weather || National Science Council (NSC)

Bureau (CWB) Research Center for

Environmental

University (NTU, Coordinated and Operated by Changes_(R(_:E.C),
NTNU....) NCDR Academia Sinica
k Research & Deyelopnient /
International Cooperation ' ‘ Application
KAKUSHIN program, Japan “\, ¥ Homeland Security and Disaster Reduction

High-resolution Climate Simulatio
Climate Projection for IP R

Present : 1979- @

Near Future - 2 036

End of 21 century @ 2075-2099 Environment & Ecosystem
IPCC AR4/5 data analysis | | Public Health

Jdaalth
- FiCaliil

Water Resources Management
Land Use Planning
Agriculture

To fulfill the needs of government agencies and academia researchers, the TCCIP project,
funded by NSC, aims to integrate and promote the resources of climate study, seek
international collaboration and academic accomplishment, and generate data of climate
projections for the policy making of climate mitigation and adaptation.



Role of TCCIP In Taiwan

CEPD Scientific assessment

(Council for Economic Technique support
Planning and < ~
Development) | NSC/CC"CS

Adaptation Policy
Framework
(2010~2015)

(2011~2015)

NSC/CCAT

Academic
Researchers
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Mission of TCCIP

Team1:

* Assess the climate change of Taiwan in the past century

* Project the future climate change in-Taiwan.based on climate
projections of IPCC AR4/5

* Generate long-term and high-resolution observation data set

Team 2 :

* Develop and evaluate statistical and dynamical downscaling
approaches for regional climate of Taiwan

* Provide high-resolution data for climate change projection of
Taiwan

* Explain the limitation of downscaled data to data users.
Helping users to use data in proper ways

Teams

RCEC
RTREMAIE Research
#E

Climate
projection in
East Asia and

Taiwan

and

Impact data service
Assessment

Team 3 :

Analyze extreme weather and climate events

Analyze the variability of extreme precipitation event and
assess its impact on disasters

Analyze the variability of seasonal precipitation and assess its
impact on water resources

Project Office:

Administration work

Coordinate the operation of project

Manage products of project

Setup data and information sharing platform

Communicate with data users

Publish a Scientific Report of the climate change in Taiwan 10
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Analysis of Taiwan
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Digitization of the meteorological observation data

Central Weather Bureau
Precipitation data,

paper records.

about 7.2 million documents

Re-discovering Taiwan climate!

--- pressure, " temperature ~
dew _point ‘temperature -~
Relative humidity ~ velocity
Precipitation, et al. (23 items)
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Sources/Distributions of Rainfall observations
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Datasets now available
(Jan 1960 — Dec 2009)

1km & Skm monthly mean Precip.
tkm, & 5km monthly mean Tavg
1Km & 5km monthly mean Tmax
1km & 5km monthly mean Tmin

Datasets to be available
(Jan 1960 — Dec 2009)

1km & 5km Daily Precip.
1km & 5km Daily Tavg
1km & 5km Daily Tmax
1km & 5km Daily Tmin



CLIMATE

(1960-2009)

TCCIP_temp_1km

TCCIP_Precip_1km
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Statistical Downscaling

Wood et al. 2004, and Maurer 2007

Statistical downscaling and bias
correction by cumulative distribution
function and interpolation
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Model Median Future Change in Precipitation (%)
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Dynamical Downscaling
ECHAMS5-WRF
& MRI-WRF

Downscaling using WRF model
Driven by 20 km MRI/JMA
AGCM

dom1: Ax=5km
380x400 grids
36 vertical layers



Temperature @ 2m

OBS
(1979-2003)

WRF
(1979-2003)

Change in the
Future
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Seasonal Precipitation

Spring Summer Autumn Winter Meiyu

OBS
(1979-
2003)

WRF
(1979-
2003)

I (mm/day)

13 15 20

Change
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Future




Precipitation of top 6 typhoons in

2075-2099
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Flood Water resource
_ T,

/ Observat|0n MRI 20(km)data
data WRF 5km data statistical downscaling
(25km)

r y il J )
— ' All x Worst | | Choose
Rainfall extreme GCM : Case GCM
frequency events A ’ |
analysis analysis

A

v
Rainfall-Runoff Models R(I\

NN b

To assess influence and uncertainty of hydrologic design due to climate change
through analyzing the 100 year return period maximum annual 24-hour rainfall
from observation, high-resolution MRI-AGCM data, and dynamical downscaled data.
To estimate impacts and uncertainty of water resources due to climate change,
stream flows in wet and dry spells are simulated using hydrological model,
statistical downscaling (25km x 25km), weather generator, and data derived from
IPCC 24 GCMs with different emission scenarios.

Hydrological model




R 25

R1

what 1s 1/100 maximum?
RCEC, 2012/5/9



Change rate of stream flow
in wet and dry spell

» Multi-model ensemble result is not significant. Change rate of stream flow only
2~4% in wet spell and -3v-8% in dry spell in near future.

» Greatervariability of change rate of stream flow is indry spell

~ Variability of change rate: A1B>B1>A2

50 2020~2039 : Tsengwen river
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original model output using KW-GIUH

Tseng Wen stream

1979-2003 2015-2039 2075-2099 1979-2003 2015-2039 2075-2099
Skm WRF 1 1.05 0.81 1 1.25 1.64

Q 20km MRI 1 0.57 0.87 1 1.15 1.91

Fig3. Bias correction with MRI data
KW-GIUH (original)

Flow ratio with bias-corrected data using KW-GIUH

Tseng-Wen stream
KW-GIUH (BC1)

1979-2003 2015-2039 2075-2099 1979-2003 2015-2039 2075-2099
0.89 1 0.98 1.43
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http://satis.ncdr.nat.gov.tw/ccsr/
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TCCIP webpage
http //tccip.ncdr.nat. gov.tw/NCDR/mam/mdex aspx
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Current Location - Home » Past Climate in Taiwan » Annual Change divided by Regions

Precipitation

Humidity Wind Speed Sea Level Surface

Annual_[x]

Off-Shore Island

Typhoon SELEH Regional lllustration

Annual Change divided by Regions ~ Annual Change for Station

Data Synopsis Taiwan Urban Area Mountain Area Northern Taiwan Central Taiwan Eastern Taiwan

Southern Taiwan

Taiwan Annual Change of Temperature Anomaly

1897 - 2009
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Past Climate in Taiwan

Annual Change divided by Regions

Data Synopsis.

TCCIP webpage

Past Climate in Taiwan

Past Climate in Taiwan Future Climate in Taiwan Change in East Asian | Hydrological Change in Taiwan Stations in Taiwan

it Location : Home » Past Climate in Taiwan > Annual Change for Station

Regional
Precipitation Humidity Wind Speed Sea Level Surface Typhoon FBLE

Tllustration
Annual Change for Station

Annual_[-]

Annual Change of Temperature Anomaly

Taipei Annual Change of Temperature Anomaly
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l' Past Climate in Taiwan Future Climate in Taiwan Change in East Asian | Hydrological Change in Taiwan

Current Location : Home > Past Climate in Taiwan > Annual Change divided by Regions

Regional

Temperature Humidity Wind Speed Sea Level Surface Typhoon SELE

Tllustration

Annual Change divided by Regions ~ Annual Change for Station | Annual _[=]

Data Synopsis ~ Taiwan Urban Area ~ Mountain Area  Off-Shore Island Northern Taiwan Central Taiwan Eastern Taiwan
Southern Taiwan
Taiwan Annual Change of Precipitation Anomaly
1897 - 2008
(mm}
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Past Climate in Taiwan

TCCIP webpage

Past Climate in Taiwan

Past Climate in Taiwan Future Climate in Taiwan Change in East Asian | Hydrological Change in Taiwan

nt Location : Home > Past Climate in Taiwan > Annual Change for Station

Regional

Temperature Precipitation Wind Speed Sea Level Surface Typhoon SELE

Tllustration

Annual_[7]

Annual Change divided by Regions  Annual Change for Station

Data Synopsis ~ Annual Change of Humidity Anomaly

Taipei Annual Change of Humidity Anomaly
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Current Location : Home > Past Climate in Taiwan > Annual Change for Station

Regional

Temperature Precipitation Humidity Sea Level Surface Typhoon SELE

Tllustration

Annual Change divided by Regions  Annual Change for Station

Annual :

Data Synopsis

Annual Change of Wind Speed Anomaly

Taipei Annual Change of Wind Speed Anomaly
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Past Climate in Taiwan

TCCIP webpage

Past Climate in Taiwan
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“ Future Climate in Taiwan | Change in East Asian | Hydrological Change in Taiwan

ocation : Home > Past Climate in Taiwan > Typhoon
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Tllustration

a Synopsis Typhoon Affecting Taiwan

q Change of Number by Route (10 types)

Change of Number by Route (4 types)

Moderate Typhoon

Changes in the Number of Typhoon Affecting Taiwan
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TCCIP webpage
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Current Location : Home > Future Climate in Taiwan > Change in Time Series

Spacial Distribution Model Illustration Research Method

Scenario: @ AIB ©B1 © A2 Change Rate of Integral Change Rate of Model Model Output
Measurement : | Temperature [~ ]
Area: |4 Regions [=] Ensemble Model Change of Nothern Taiwan Spring Temperature (Scenario: A1B)
Time Scale : 20202039 - 2080-2089
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® Ensemble 75% 1.07-267
®Ensemble med 09424 4
@Ensemble 25% 0.78~2.08
@ Ensemble 10% 0.36~1
@Ensemble min 026058 |3

0
2020-2038  2030-2049  2040-2058  2050-2068  2060-2079  2070-2089

2080-2099

BE=HERRA

£ :1980-1999) « BENEMRC RENETRY -

2 ULERERIERERALDR - BL - A2 ARBAIZERISRIEESR (A T RSR8RRE ; M (B)4
BRRERES - 87 1 8 2ARTRARUEE (1) BAZREREL () RERERSSE - Bt
FREZFUFEEAREEEERE  BEPANASRIERNER  TEESEFEEFNTE . AlBf
ERBEERRTENE  BREIRTE -

EENFREGRERSE EREREENIEE(POR

Future Clime!te in Ta.iwan 2020-2099

TCCIP webpage

About As Change in EastAsian

Past Climate in Taiwa,. | Fuh «Climale in Taiwan
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Change in East Asia Annual Mean Temperature by 2040-2069
(Model: Ensemble Average, Scenario: A1B)
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TCCIP webpage
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Producing projections of climate change in Taiwan through
scientific methods

Facilitating interdisciplinary cooperation and information
integration in climate change research

Enhancing international connhection and collaboration on climate
change research
N/

Providing TCCIP producis to government agencies for policy
making

Publishing reports on climate change research and
accomplishment in Taiwan
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Data sifting process

v'Remove stations without station info

v'"Remove stations without obs data
v'"Remove stations with wrong location-data
v'"Combine/Remove multiple-counted, stations
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Flowchart for Assessing Impact on Water Resource
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Critical Issues

1: How does the Taiwan’s climate change comparing to the global

on =

A
J

climate change?

> A N )

" 2: How will typhoons, torrential rains, dreughts, heat waves, and
cold surges be influenced by climate changes? Becoming more

/
4 -

_intense and/or frequent in the future?

3: How are climate changes réelated to climate variability such as

the El Nino/Southern Oseillation?
< N~

/ \
4: The disasters in Taiwan seem to occur more frequently and more

severely in recent years. Is that related to climate changes?

A

; . :
5: How reliable are the projections of future climate changes in

Taiwan? How should the government and the general public
_interpret the related information?
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