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Requirements for 
Climate Change Assessment and Adaptation

•Assessment of Changing Hazard
usable information derived from climate projection models

•Assessment of Changing Hydrology
integrated hydrological models with self-running capability

•Leading to Public Awareness and Effective Actions
data integration for getting comprehensive knowledge
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Obs.

Evaluation for relative distribution：
Correlation coefficient(CC)

Evaluation of absolute value:
RMSE

Scoring
CC and RMES are more than all GCM averaged value ：1
CC  or  RMES are more than all GCM averaged value ：0
CC and RMES are less than all GCM averaged value ：‐1
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Main Problems with the GCM Outputs:
•Large Diversity
•Low Extreme Heavy Rainfall Rate
•Small Number of No Rainfall Day 
but Long Drizzle

•Low Seasonal Representation
•Low Spatial Distribution

Bias Correction, Downscaling, 
Multi-model Analysis Coupling 
with Hydrological Models
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Requirements for 
Climate Change Assessment and Adaptation

•Assessment of Changing Hazard
usable information derived from climate projection models

•Assessment of Changing Hydrology
integrated hydrological models with self-running capability

•Leading to Public Awareness and Effective Actions
data integration for getting comprehensive knowledge

WEB-DHM
(Water and Energy Budget-based Distributed Hydrological Model)

Wang, Koike et al. 2009



11

Calibration and validation with 
discharges at main stream gauges
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(a) Murakami (b) Yakatabara      (c) Iwamoto          (d) Maebashi
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Improving the snow physics of WEB-DHM

A three-layer snow model is added
(WEB-DHM-S)

Snow Water 
Equivalent

Snowmelt Runoff

Shrestha, Wang, Koike et al., 2010

site1

site2

site1

site2

Comparison with MODIS snow cover product

MODIS

April 15, 2003
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Climate Change Impact Assessment
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Requirements for 
Climate Change Assessment and Adaptation

•Assessment of Changing Hazard
usable information derived from climate projection models

•Assessment of Changing Hydrology
integrated hydrological models with self-running capability

•Leading to Public Awareness and Effective Actions
data integration for getting comprehensive knowledge

Data Uploading
Complete Ongoing

Quality Controlling
Complete Ongoing

Document Metadata Registration
Complete Ongoing

Observation Metadata Registration
Complete Ongoing



Satellite

Operational Obs. 

Research Obs. 

Research Obs. 

Research Obs. 

Weather 
Prediction

Climate Projection

Data Integration and Analysis

Models

In‐situ Observation

Satellite

Data Integration



Hydrological Model
(eg. WEB‐DHM)

Models

Satellite

In‐situ Observation

GSMaP

River Flow

Numerical Weather 
Prediction

TRMM

AMSR‐E

Rain Gauge River Discharge

SSM/I

Geostational
Satellites validation

WEB-DHM
(Water and Energy Budget-based Distributed Hydrological Model)

Wang et al. WRR, 2009

Soil Moisture

Ground Water

River Flow

Surface Flux



WEB-DHM

Drought Quantification: SA

Biophysical Inputs

Drought
Monitoring, Seasonal Prediction and Climate Change Impact Assessment

Numerical Weather Prediction
Re-analysis

Meteorological Input

Observed 

P Qθ GWlET Qobs
calibrate

Legend: P = precipitation;
Q = discharge (simulated and observed);
θ = soil moisture (root zone and surface)

GWl =groundwater level measured from the 
soil surface

T= temperature
ET=evapotranspiration
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Drought Quantification:                    
The Standard Anomaly Index

1) Transform the best-fit distribution 
pattern into a standardized distribution

2) Normalize by calculating SA

Jaranilla-Sanchez, P. A., et al. (2011), 
Water Resour. Res., in press.
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WEB-DHM

Drought Quantification: SA

Biophysical Inputs

Drought
Monitoring, Seasonal Prediction and Climate Change Impact Assessment

Meteorological Input

Observed 

Hydrological drought Meteorological Drought Agricultural Drought

P Qθ GWlET Qobs
calibrate

Legend: P = precipitation;
Q = discharge (simulated and observed);
θ = soil moisture (root zone and surface)

GWl =groundwater level measured from the 
soil surface

T= temperature
ET=evapotranspiration

Numerical Weather Prediction
Re-analysis
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Drought Quantification:                    
The Standard Anomaly Index

Agricultural 
drought

Meteorological 
drought

Hydrological 
drought

1) Transform the best-fit distribution 
pattern into a standardized distribution

2) Normalize by calculating SA

Jaranilla-Sanchez, P. A., et al. (2011), 
Water Resour. Res., in press.
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Spatial SA: Philippines

WEB-DHM

Drought Quantification: SA

Biophysical Inputs

Drought
Monitoring, Seasonal Prediction and Climate Change Impact Assessment

Meteorological Input

Observed 

Hydrological drought Meteorological Drought Agricultural Drought Rice 
Production

economics physiology

P Qθ GWlET Qobs
calibrate

Legend: P = precipitation;
Q = discharge (simulated and observed);
θ = soil moisture (root zone and surface)

GWl =groundwater level measured from the 
soil surface

T= temperature
ET=evapotranspiration

Numerical Weather Prediction
Re-analysis



Impacts of Drought in Agriculture: 
Philippines
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Drought Quantification: SA

Biophysical Inputs

Drought
Monitoring, Seasonal Prediction and Climate Change Impact Assessment

Meteorological Input

Observed 

Hydrological drought Meteorological Drought Agricultural Drought Rice 
Production

economics physiology

P Qθ GWlET Qobs
calibrate

Legend: P = precipitation;
Q = discharge (simulated and observed);
θ = soil moisture (root zone and surface)

GWl =groundwater level measured from the 
soil surface

T= temperature
ET=evapotranspiration

Numerical Weather Prediction
Re-analysis

Seasonal
Prediction



Seasonal Drought Prediction

Month

SA FROM 
OBSERVED 
DISCHARGE

SA FROM 
FORECAST 
DISCHARGE

June -0.954 -1.010455

July -1.30505 -1.61425

August -0.4937 -2.41276

Close enough, 
drought conditions 
can be forecasted
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Seasonal Drought Prediction



Integrated 
Water 

Resources 
Management 

(IWRM)

Hydrological Model
(eg. WEB‐DHM)

Satellite

In‐situ Observation

GSMaP

Numerical Weather 
Prediction

TRMM

Rain Gauge River Discharge

Geostational
Satellites validation

Soil Moisture

Surface Flux

Soil Moisture

validation

Ground Water

Models

Ground Water

validation

Monitoring

River Flow

SA Index

Seasonal Prediction

Seasonal Prediction

AMSR‐E

SSM/I

Climate Prediction

Evaluation
Bias Correction

Climate 
Change 

Assessment
Adaptation 

SA Past and Near Future: Philippines

SA category Past GCM ensemble Near future GCM ensemble

R # of Months % # of Months %

Mild 9 3.95 11 4.83

Moderate 0 0 0 0

Severe 0 0 0 0

TOTAL 9 3.95 11 4.83

SA category Past GCM ensemble Near future GCM ensemble

Q # of Months % # of Months %

Mild 7 3.07 13 5.70

Moderate 2 0.88 2 0.88

Severe 0 0 0 0

TOTAL 9 3.95 15 6.58

SA category Past GCM ensemble Near future GCM ensemble

SMS # of Months % # of Months %

Mild 20 8.77 22 9.65

Moderate 11 4.82 5 2.19

Severe 4 1.75 2 0.88

TOTAL 35 15.35 0 12.72

SA category Past GCM ensemble Near future GCM ensemble

SMR # of Months % # of Months %

Mild 20 8.77 37 16.22

Moderate 14 6.14 39 17.11

Severe 4 1.75 113 49.56

TOTAL 38 16.67 189 82.89

SA category Past GCM ensemble Near future GCM ensemble

ET # of Months % # of Months %

Mild 23 10.09 38 16.67

Moderate 7 3.07 38 16.67

Severe 2 0.88 32 14.03

TOTAL 32 14.04 108 47.37

Legend: 

R=rainfall 

Q=discharge

SMS=surface soil moisture 

SMR=root zone soil 
moisture

ET=evapotranspiration
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Large increase in severe drought 
conditions at the root zone in the 
near future

-translates to more severe 
agricultural drought



Integrated 
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(IWRM)

Hydrological Model
(eg. WEB‐DHM)

Satellite

In‐situ Observation

GSMaP

Numerical Weather 
Prediction

TRMM

Rain Gauge River Discharge

Geostational
Satellites validation

Soil Moisture

Surface Flux

Soil Moisture

validation

Ground Water

Models

Ground Water

validation

Monitoring

River Flow

SA Index

Seasonal Prediction

Seasonal Prediction

AMSR‐E

SSM/I

Climate Prediction

Evaluation
Bias Correction

Climate 
Change 

Assessment
Adaptation 

Data Integration

Requirements for 
Climate Change Assessment and Adaptation

•Assessment of Changing Hazard
usable information derived from climate projection models

•Assessment of Changing Hydrology
integrated hydrological models with self-running capability

•Leading to Public Awareness and Effective Actions
data integration for getting comprehensive knowledge


