
Climate Change 

Assessment & Adaptation

Cho Thanda Nyunt and Toshio Koike

River and Environmental Laboratory

Department of Civil Engineering

University of Tokyo



Outline of Presentation

• Background

• Objectives

• Study Framwork

• WEB-DHM application of Kalu Ganga Basin

• GCM Selection

• Bias-correction Method

• Downscaling Method

• Results

• Conclusion & Discussion



BACKGROUND

• By 2050,fresh water availability in Central, South, East and South-East 
Asia particularly in large river basins is projected to decrease. (IPCC AR4)

• Population growth, industrial development, and agriculture are causing 
societies to face serious challenges in allocation scarce water resources 
to increasing demands. (IPCC, 2001)

• Climate change impact assessment on water resources is essential for 
planning of future Integrated Water Resources Management (IWRM) 
strategies. (IPCC,2001)

• It is necessary to focus on long term analysis for basin scale water 
balance due to climate change impacts on regional hydrologic process.



Objectives

• To understand the climate change impacts on water resources in 
basin scale (20 years analysis for past and future)

• To investigate long-term precipitation trend, frequency and 
subsequence changes in stream flow regimes under the global 
warming A1B scenario ( WEB-DHM)

• To monitor the possibility of flooding and socio-economic loss due to 
flood risk in near future

• To provide the basic adaptation strategies and usable knowledge to 
cope with Integrated Water Resource Management  and Decision 
Making for Policy makers in future
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Kalu Ganga River Basin
South Asia

Sri Lanka



Kalu Ganga Basin Characteristic

• 2nd largest river basin in Sri Lanka

• located in wet zone and high annual average 
rainfall 4000mm

• 2766 km2

• Largest amount of annual per capita water 
availability about 7750m3 ( National level 
2300m3)

• Steep gradient in upstream and mild gradients 
in downstream

• Its lower flood plain suffer from frequent flood in 
the Southwest monsoon season

• Densely populated in lower flood plain and a 
potential area for rice production

Source :Department of Agriculture, Sri Lanka(DOASL)Ampitiyawatta & Shenglian (2009)



WEB-DHM

(Water and Energy Budget-based 

Distributed Hydrological Model)

Developed by Lei Wang, 2007



Cailibration at Ellagawa (1991-2000)
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Validation at Ellagawa (1981-1990)
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Validation at Putupaula (1991-2000)
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Validation at Putupaula (1981-1990)
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Region and Parameter

Tibetan plateau

Ocean

South 

Asia 
monsoon

East Asia 

monsoon

observed

�Spatial distribution of 10 parameters 

� 4 region

�May - August

� Monthly Spatial Correlation

�Monthly Root mean square error

GCM Selections
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GSMaP: Global Satellite Mapping of Precipitation
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Daily Mean Discharge Change in Times Past and Future
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100 year Probability Extreme Discharges
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GSMap Spatial Distribution 0.1 Degree 
based on observed rain gauge rainfall

New Method for GSMap Spatial Distribution Map

GCM

0.25 Degree

Bias Corrected
+ 

Spatial Downscaling

Basin Scale 0.01 DegreeBasin Scale 0.01 Degree



Seasonal difference of OBS and Random correction
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Conclusion & Discussion

• Bias-correction method was capable of correction large bias of GCM 
rainfall of annual maximum rainfall, number of no rain days and seasonal 
cycle pattern.

• Downscaling using seasonal spatial rainfall-map produced from GSMaP
products are applicable to basin with poor gauges.

• From sensitivity of number of raingauges, random selection of 6 gauges 
or 8 gauges based monthly correction of spatial distribution map show 
annual mean rainfall are acceptable.

• Climate change impacts on the catchment-scale hydrologic system can 
assess the potential effects of changes to cope with a changing water 
balance under future scenarios and to support the sound decision for 
Integrated Water Resources Management (IWRM).







Bias Correction Method (Briefly)

• Daily rainfall from 16 GCMs are corrected.

• Non-Heavy Rainfall

– Ratio between GCM and Obs.  in each month 
multiplied by GCM daily data.

• Heavy Rainfall

– By Plotting Position

• Pattern of Heavy Rainfall is estimated from 
annual maximum rainfall in 20 years

• No-Rainfall periods

– By Rank-order statistics



Annual average precipitation
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Present IR

GEO IR dataGEO IR data

Cloud motion vectors

Past Past GSMaPGSMaP datadata

MWR data observed during present 1 hour

Meridional

Zonal

Present MWR dataPresent MWR data

GSMaP interpolated 

by the motion vectors

Kalman filter

1-hour-before IR

1-hour-before GSMaP

Present

GSMaP

(MWR overpasses)

(Outsides MWR overpasses)

http://sharaku.eorc.jaxa.jp/GSMaP_crest/index.html



Method for GSMap Correction & Spatial Distribution Map

OBS gauged

Daily RF
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GSMap Spatial Distribution 0.1 Degree 
based on observed rain gauge rainfall

New Method for GSMap Spatial Distribution Map

GCM
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Evaluation of the precipitation over the South 

Asian summer monsoon domain (60-110E, 0-30N)

Calculated monthly Scorr and RMSE from May to August for each 23 GCM models, and 

then obtained the 4 months averages. If a model satisfies both Scorr and RMSE better than 

total model average,  it is counted as a good model for the precipitation over the SASM 

domain.

Total model-average
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cccma_cgcm3_1 1 1 1 -1 1 1 1 1 1 1 8888

cccma_cgcm3_1_t63 0 1 1 0 1 1 1 1 1 1 8888

gfdl_cm2_0 1 1 1 1 1 1 0 1 0 1 8888

miroc3_2_medres 1 1 1 1 1 0 0 1 0 1 7777

mpi_echam5 1 1 1 -1 1 0 1 1 1 1 7777

ingv_echam4 1 1 0 1 1 0 0 0 1 1 6666

miroc3_2_hires 1 0 1 1 0 0 1 1 1 0 6666

giss_aom -1 1 1 1 0 1 0 1 0 1 5555

csiro_mk3_0 1 1 1 1 -1 0 1 0 1 -1 4444

ukmo_hadgem1 0 0 1 0 1 1 1 1 -1 0 4444

ukmo_hadcm3 1 1 0 0 -1 1 1 1 1 -1 4444

cnrm_cm3 0 0 -1 0 1 1 1 1 0 -1 2222

ncar_ccsm3_0 0 0 0 -1 1 -1 1 0 1 1 2222

bccr_bcm2_0 1 1 0 0 0 1 0 0 -1 -1 1111

mri_cgcm2_3_2a -1 -1 -1 1 1 0 0 0 1 1 1111

csiro_mk3_5 0 0 0 1 -1 0 0 -1 0 0 -1-1-1-1

ncar_pcm1 -1 0 1 -1 -1 -1 1 1 0 -1 -2-2-2-2

ipsl_cm4 -1 -1 1 -1 0 0 -1 0 -1 1 -3-3-3-3

iap_fgoals1_0_g -1 -1 -1 -1 -1 0 0 1 0 -1 -5-5-5-5

inmcm3_0 -1 -1 1 -1 0 -1 0 -1 -1 -1 -5-5-5-5

giss_model_e_h -1 -1 -1 0 -1 0 -1 -1 0 0 -6-6-6-6

giss_model_e_r -1 -1 0 -1 -1 0 -1 -1 0 0 -6-6-6-6

bcc_cm1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -10-10-10-10
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Bias Correction Method (Briefly)

• Daily rainfall from 16 GCMs are corrected.

• Non-Heavy Rainfall

– Ratio between GCM and Obs.  in each month 
multiplied by GCM daily data.

• Heavy Rainfall

– By Plotting Position

• Pattern of Heavy Rainfall is estimated from 
annual maximum rainfall in 20 years

• No-Rainfall periods

– By Rank-order statistics


