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Criterion of Ecology

Biomass of Vegetation Diversity of Vegetation

Available Water from 
Sub-watershed

Ratio of Soil Loss & 
sediment in sub-watershed

Ratio of Agri. Land Uses
in Conservative Areas



Ecosystem services 
inventory

Bio-production system in harmony with conservation of 

biodiversity

Mosaic crop production system with strengthened resilience

Modern crop production system Traditional crop production system

Development of technology and 
social system of low input 

sustainable production system 
which prevent catastrophic 

collapse

Presentation of policy options 
for the use of local resources 

through  strengthening resilience 
with scientific evidence

Synthesis between 

modern and 

traditional crop 

production systems

Work together with 
sub theme 1

Ecosystem 

service
Index

Flow/

Stock

Provision 

service

Rice ・・・
Orchards ・・・
Fishes ・・・

Adjust 

service

Water 

purification
・・・

Basement 

service

Material cycle ・・・
Bio-diversity 

service

Crops,

Orchards,

Birds,

Fishes,

Plants,

……etc

・・・
Paddy field

Low biodiversity

Farm house

Traditional 

system

Large input from outside of the system

Irrigation water Fertilizer
Rainfall

Pesticide

Output of drainage, fertilizer, 

and pesticide to outside
Large output

Paddy field

High biodiversity
Traditional system
(high biodiversity)

Small input from outside of the system 

Irrigation water
Rainfall

Small output to outsideSmall output

Farm house

Material cycle system 

Work together with 
sub theme 2



Application: Agricultural Production and 
Drought Monitoring
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ENSO
3-monthly root zone soil moisture

3-monthly surface soil moisture
crop volume anomaly

drought

El Niño

LAI &

biomass

Observed and Experimental 

meteorological, hydrological, 

physiological parameters

WEB-DHM CROP MODEL

Soil 

moisture discharge LAI Drought stress

year Actual simulated

1983 -- 7012 kg/ha

1987 -- 7247kg/ha

1991 -- 6900kg/ha

1998 34164 metric 
tons (BAS, 
2011)

6903kg/ha  
(34116 metric 
tons)

Slide 19

Sample output for rice production simulation:



Bacteriological contamination of tube Bacteriological contamination of tube 

well during floods well during floods 

TW Non Flooded (TTc/100ml)

63%

23%

8%
6%

>99 cfu/100ml

TW Flooded (TTc/100ml)

12%

22%

63%

0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%

>99 cfu/100ml

Bilqis et all. 2004
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Project 

Name

Capacit

y (MW)

Status

Punatsangch

hu-I

1200 Under 

constructio

n

Punatsangch

hu-II

900 Under 

constructio

n

Basochhu –

I&II

24 & 40 Completed

Dagachhu 114 Under 

constructio

n
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Heavy Precipitation Events: Frequency increases over most areas

Anomalies (%) of the global annual time 

series defined as the percentage change of 

contributions of very wet days from the base 

period average .

Europe

Aug. 2002

Mozambique 
Feb. 2000

944mm/24h

Mumbai

India

2005



Monthly Palmer Drought Severity Index 
(PDSI)

Area affected by droughts increases

IPCC AR4

Australia
2002-2003
2006-2007 

Mekong
2010

Long-term  Drought
in East Africa



Projected changes 
in extremes

It is very likely that
heavy precipitation
events will continue to
become more frequent.

IPCC AR4

It is likely that area 
affected by drought 
increases.

> 90%

> 67%



Trend analysis for daily precipitation index

� Jecheon stations at summer and annual season show increasing trends.

� NamDong stations at annual precipitation show 

severe increasing trends

Station Time
Linear regression Mann-Kendall test

b(slope) p-value β p-value

Jecheon

(221)

Spring -0.1963 0.8670 0.1760 0.8603

Summer 9.1183 0.0185** 2.2629 0.0236**

Fall 2.1614 0.2271 0.9808 0.3267

Winter -0.3427 0.4962 -0.7796 0.4356

Annual 10.7406 0.0171** 2.5395 0.0111**

NamDong

(Veitnam)

Spring 7.9989 0.0182** 6.6154 0.0083**
Summer -2.4933 0.4772 -1.696 0.5335

Fall 26.3648 0.0767* 17.8737 0.1305
Winter 11.1181 0.0053** 12.1917 0.0017**
Annual 42.9885 0.0100** 28.0611 0.0083**

Matulid

(Philippines)

Spring -3.9561 0.727 -4.7692 0.8337

Summer 6.6105 0.6932 -3.8182 1

Fall 5.4175 0.8279 11.5 0.8887

Winter -8.0561 0.6222 -22.5 0.3273

Annual 0.0158 0.9997 -25.375 1
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On-going and Future Plan to be takenOnOn--going and Future Plan to be takengoing and Future Plan to be taken

Country Basin Name Temperature Precipitation Runoff

1 Bangladesh Meghna × × ×

2 Bhutan Punatsangchhu × × ×

3 Cambodia Sangker × × ×

4 India Seonath × × ×

5 Indonesia mamberamo × × ×

6 Japan Upper Tone River × × ×

7 Korea Upper Chunju-dam ○ ○ ○

8 Lao PDR Sebangfai River × × ×

9 Malaysia Langat × × ×

10 Mongolia Selbe △△△△ △△△△ △△△△
11 Myanmar Shwegyin × × ×

12 Nepal Bagmati × × ×

13 Pakistan Swat × × ×

14 Philippines Pampanga × ○ ×

15 Sri Lanka Kalu Ganga × × ×

16 Thailand Mae Wang × × ×

17 Uzbekistan Chirchik-Okhangaran × × ×

18 Vietnam Huong ○ ○ ○
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Interannual Variations of PSM Rainfall - JUL
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Dry Wet
1987 1988

1991 1994

2002 1995

2004 2003

Pakistan Summer Monsoon (PSM)
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4Basic Atmospheric Structure and Mechanism – PSM Dry & Wet Events
pot. temp, geopotential height, 

(u;v)@200hPa
pot. temp, geopotential height, 

(u;v)@500hPa
zonal windpot. temp, geopotential height, 

(u;v)@200hPa
pot. temp, geopotential height, 

(u;v)@500hPa
zonal wind

DRY
01-10 
July 
2002

Dry 

Event:

anomalous mid-upper troposphere : cyclonic circulation & cold 
temperature

pot. temp, geopotential height, 
(u;v)@200hPa

pot. temp, geopotential height, 
(u;v)@500hPa

zonal windpot. temp, geopotential height, 
(u;v)@200hPa

pot. temp, geopotential height, 
(u;v)@500hPa

zonal wind

WET
01-10 
July 
1994

anomalous westerly i.e. strengthening of westerly jet around Pakistan

anomalous mid-upper troposphere : anticyclonic circulation & warm 
temperature

anomalous easterly i.e. strengthening of easterly jet around Pakistan

Wet 

Event:

L

H



Persistence of 

anticyclonic 

anomaly northwest 

of Pakistan

Persistence of 

cyclonic anomaly 

northwest of 

Pakistan

4. Persistence of Anomalous Condition – PSM Dry & Wet Events
PSM DRY Events PSM WET Events

Composite Composite

1987 1988

1991 1994

2002 1995

2004 2003
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Coordinated and Integrated Efforts for Working 
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MDGsClimate Change Biodiversity
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Sustainable Development



Interactions between climate change, 

biodiversity and desertification

Climate 
Change

Biodiversity Desertification

Impact of climate change on 
biodiversity

Climate change could alter distribution of 
species and their habitats and lead to 

migration of plants and animals if there 
are corridors

Role of biodiversity in climate 
change mitigation and 

adaptation
Forest and biodiversity sequester carbon and 

affect local climate

Biodiversity ensures ecosystem resilience to 
climate change 

Impact of Climate change on 
desertification

Rising temperature increases 
evaportranstation and causes drought i

Decreasing precipitation leads to drought

Impact of desertification on 
climate 

Desertification causes loss of vegetation and
soil carbon and changes drylands from

carbon sink into carbon source

Dust storms  increase aerosols  with cooling 
effect

Impact of desertification on biodiversity
Desertification degrades habitats for biodiversity and leads to loss of 

biodiversity

Role of biodiversity in combating desertification
Loss of drought- resistant biodiversity reduces resilience of ecosystem 

to droughts.

Vegetation protects soil from erosion and stabilizes slopes from
landslides.

UNCECAR
Climate and Ecosystems 

Change Adaptation Research



2000 – Integrated Global Observing Strategy 
(IGOS) Water Theme Proposal

2001 – Water Theme  Approved 

2002 –Team Report Writing Team

2003 – Preparation for “Integrated 
Global Water Cycle 

Observation (IGWCO)”

2004 – IGWCO Team Report

2005 – 1st IGWCO in Tokyo

2006 – 2nd IGWCO in Paris

2007 – 3rd IGWCO in DC

2008 – 4th IGWCO in Geneva

2009 – 5th IGWCO in Kyoto

2010 – 6th IGWCO in New York

2011 – 7th IGWCO in Tokyo

World Summit on Sustainable Development
(WSSD)
Ad-hoc (GEO)

Preparation for 10-year Implementation Plan

GEO/GEOSS

1st GEOSS AP in Tokyo

2nd GEOSS AP in Tokyo

3rd GEOSS AP in Kyoto

4th GEOSS AP in Bali

Asian Water Cycle Initiative (AWCI)
1st Sump. in Tokyo
1st TTM in Bangkok

2nd Simp. in Tokyo
1st ICG in Bali
3rd Simp. in Beppu
2nd ICG in Tokyo
3rd ICG in Beijing
4th ICG in Kyoto
5th ICG in Tokyo
6th ICG in Bali
7th ICG in Tokyo
1st CCAA/T in Tokyo

6 Year History of GEOSS/AWCI
12 Year History of GEOSS Water

8th ICG in Seoul5th GEOSS AP in Ahmedabad

1992 Rio Summit

�Rio +10

June 2012: Rio +20



GEO, the Group on Earth Observations
An Intergovernmental Body 

with 86 Members & 61 Participating Organizations

• Earth Observation Summit I (July 2003: Washington DC) 

• EO Summit II (April 2004: Tokyo)

• EO Summit III (February 2005: Brussels)

• EO Summit IV (November 2007: Cape Town)

• EO Summit V (November 2010: Beijing) 
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A Global, Coordinated, Comprehensive and Sustained 
System of Observing Systems

GEOSS

GEOSS
Global Earth Observation System of Systems

Vision for GEOSS
The vision for GEOSS is to realize a future 

wherein decisions and actions for the benefit of 
humankind are informed by coordinated, 

comprehensive and sustained Earth 
observations and information.
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Sustained
Education
Framework

Management 
System 

Integration

Water Cycle 
Integrator

Integrated & Coordinated Approach 

Work 
Bench

Capacity
Building



Observation
Integration

Model
Integration

Data Integration
& Analysis

Cross-SBA/CoP Coordination
Disaster/Health/Energy/Climate/Weather/Agriculture/Forest/Ecosystem/Biodiversity

Sustained
Education
Framework

Management 
System 

Integration

Water Cycle 
Integrator

Integrated & Coordinated Approach 

Work 
Bench

Capacity
Building



Data Uploading

Complete

Quality Controlling

Complete Ongoing

Bangladesh Bhutan Cambodia India Indonesia Japan Korea Lao PDR Malaysia Mongolia Myanmar Nepal Pakistan Philippines Sri Lanka Thailand Uzbekistan Vietnam

Document Metadata Registration

Complete Ongoing

Observation Metadata Registration

Complete Ongoing



33

GCOM-W

GCOM-C

EarthCARE

GPM

ALOS-2
ALOS

Cryosat-2

SMOS

ADM-Aeolus

METEOSAT

MSG

MTG
EPS Metop

Post EPS

SMAP

Satellite Observation Integration 



Long-Term Plan of 
Earth Observation by JAXA

Targets ~2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Disasters & Disasters & Disasters & Disasters & 

ResourcesResourcesResourcesResources

[Optical radiometer]
MOS-1, ADEOS

(87~95) (96~97)

[Optical sensor, 
Synthetic Aperture 

Rader]
JERS-1 (92~98)

Climate ChangeClimate ChangeClimate ChangeClimate Change

Water Cycle

[Precipitation Rader]
PR (97~)

[Microwave 
radiometer]

MOS-1(87~95)
ADEOS2/AMSR(2003

Climate 
Change

[Optical radiometer]
MOS-1, ADEOS

(87~95)    (96~97)
ADEOS2/GLI

[Cloud profiling 
radar]

Greenhouse 
gases

[Spectrometer]
ADEOS/ILAS
(96~97)

ADEOS2/ILAS2

Phase AOn orbit ExtensionMission status

[Land and Disaster monitoring] 

GPM/DPR

Aqua/AMSR-E

GCOM-C1/ SGLI

[Vegetation, aerosol, cloud, SST, ocean color]

[Cloud and Aerosol 3D structure]

[CO2, Methane]

TRMM/PR

GCOM-W1/ AMSR2
[Wind, SST , Water vapor]

Phase B~

[Precipitation]

[CO2, Methane]

GCOM-W2

GOSAT-2

ALOS-3 Optical

ALOS-2 SAR
ALOS/PALSAR

ALOS/PRISM AVNIR2

ALOS "DAICHI"

EarthCARE/CPR

250m, multi-angle, polarization

GCOM-C2

GOSAT "IBUKI"

TRMM

Aqua



TRMM

TMI

Aqua

AMSR-E

Geostational 

Meteorological 

Satellite

Global Precipitation 

Map

Hourly 0.1 degree grid

Precipitation data estimated by 

each Microwave Imager/sounder

NOAA

AMSU

DMSP

SSM/I, SSMIS

Satellite Combined Product
Global Precipitation Map

Combining multiple data retrivals 

for  hourly Precipitation Map

Cloud Moving Vector

Precipitaton 

Physical 

Model from 

Radar 

Observation



Seasonal difference of OBS and Random correction
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Observation
Integration

Model
Integration

Data Integration
& Analysis

Cross-SBA/CoP Coordination
Disaster/Health/Energy/Climate/Weather/Agriculture/Forest/Ecosystem/Biodiversity

Sustained
Education
Framework

Management 
System 

Integration

Water Cycle 
Integrator

Integrated & Coordinated Approach 

Work 
Bench

Capacity
Building



Improvement from JRA-25
JRA-25 JRA-55

Target period 1979 – 2004 (26yr) 1958 - 2012 (55yr)

Model

Resolution
T106L40

Top:0.4hPa
Horizontal：：：：120km

TL319L60
Top : 0.1hPa

Horizontal ：：：： 60km

Time 
integration

Euler Semi-Lagrangean

Physics As of Mar.2004 New radiation

Green 
House Gas

CO2：375ppm(Const)
CMIP5 or other

CO2、CH4、N2O、CFC-11、

CFC-12、HCFC-22

Assimilation 3D-VAR 4D-VAR

Bias Correction
[ Upper Air ]
RAOB(Andrae et al.,2004)

[ Upper Air ]
RAOBCORE
Satellite
Variational bias correction



？

20km GSM SimulationSatellite Observation (IR)

Observation vs. Model



NIMR/KMA

GLOBAL TEMPERATURE CHANGE (2001-2099)



Integrated Flood Analysis System (IFAS) Integrated Flood Analysis System (IFAS) 
Flood runoff analysis system with satelliteFlood runoff analysis system with satellite--based rainfall & global GIS informationbased rainfall & global GIS information

GIS information on basin 
characteristics

(Elevation, Land use, Geology)

Available on internet

Input of ground-based and satellite-based rainfall 
with the original self-correction algorithm

Easy creation of distributed-parameter runoff model  
with global/local GIS

Implementation of necessary GIS tools and           
GUI interfaces on IFAS

Towards 

reduction/prevention 

of flood disasters

Satellite-based rainfall data

(Quasi-real-time)

User friendly display

Rainfall observationRainfall observation

with satelliteswith satellites

Flood forecasting / 

warning � Safe 

evacuation

Flood runoff ( flow & 

water level) analysis

Rainfall observation Rainfall observation 

with groundwith ground--based based 

raingaugesraingauges

Integrated Flood Analysis System

（JAXA-GSMaP）

Courtesy of JAXA



MRI-AM20km global 

meteorological simulation

10-40 km mesh

global stream path

Hydrological 

Simulation

Global Flood Vulnerable Risk Map

Inundation 

Simulation

Innovative Program of 

Climate Change Projection 

for the 21

st

Century

Assessment of the impact of climate change on flood 

disaster risk and its reduction measures over the globe and 

specific vulnerable areas

Project Period: 2007 Apr. – 2012 Mar.



Data Integration by LDAS-COUPLER

COUPLER

Time Integration

Grid Integration

Atmospheric

Model

Land Surface 

Scheme

Observation

Radiative 
Transfer 

Model

Assimilation 

Scheme

GCM

Nesting

6.9&10.6GHz

Aqua 

AMSR-E

Soil RTM

Atmosphere & Land  State

Forcing &
 Land  S
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Land  S
tate

Land  State

Modeled Tb at Low Freq.

Obs. T
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mila

ted Soil m
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Atm. RTM

Cloud Microphysics 

Scheme

23 & 89 GHz

Surface emission at High Freq.

Reference Site

Data Products
Validation



Coupled A-L DAS (CALDAS)-COUPLER

COUPLER

Time Integration

Grid Integration

Atmospheric

Model

Observation

Assimilation 

Scheme

GCM

Nesting

6.9&10.6GHz

Aqua 

AMSR-E

Soil RTM

Atmosphere & Land  State

Forcing &
 Land  S

tate

Land  S
tate

Land  State

Modeled Tb at Low Freq.

Obs. T
b at L

ow Freq.

Assi
mila

ted Soil m
oistu

re.

Fluxes & Land  State

Atm. RTM

Cloud Microphysics 

Scheme

23 & 89 GHz

Atmospheric  State

Atmospheric  State

(Moisture & Temp.)

Atmospheric  State

(Moisture & Temp.)

Surface emission at High Freq.

Obs. T
b at H

igh Freq.

Modeled Tb at Hig Freq.

Fluxes &
 Land  S

tate

Reference Site

Data Products
Validation

Radiative 
Transfer 

ModelLand Surface 

Scheme
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Observation
Integration

Model
Integration

Data Integration
& Analysis

Cross-SBA/CoP Coordination
Disaster/Health/Energy/Climate/Weather/Agriculture/Forest/Ecosystem/Biodiversity

Sustained
Education
Framework

Management 
System 

Integration

Water Cycle 
Integrator

Integrated & Coordinated Approach 

Work 
Bench

Capacity
Building



Models

In-situ Observation

Satellite

Data Integration



Integrated 

Water 

Resources 

Management 

(IWRM)

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

Optimization 

Scheme
validation
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2004

1st 10th 20th 20th1st 10th

Oct. Nov.

DateDateDateDate Nov.
24 25 25 25 25 26 26 26 26 27 27 27 27 28 28 28 28 29 

Predicted Predicted Predicted Predicted 
exceedance exceedance exceedance exceedance 

probability (%)probability (%)probability (%)probability (%)

W.L.3W.L.3W.L.3W.L.3 8888 52525252

W.L.2W.L.2W.L.2W.L.2 74747474 96969696 72727272

W.L.1W.L.1W.L.1W.L.1 6 96969696 96969696 96969696 96969696 96

ObservedObservedObservedObserved W.L.W.L.W.L.W.L. 0.9 3.1 3.1 3.1 3.1 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 2.4 2.4 2.4 2.4 1.7 1.7 1.7 1.7 



Integrated 

Water 

Resources 

Management 

(IWRM)

Hydrological Model

(eg. WEB-DHM)

Satellite

In-situ Observation

GSMaP

Numerical Weather Prediction

TRMM

AMSR-E

Rain Gauge River Discharge

SSM/I

Geostational

Satellites

Optimization 

Scheme
validation

Soil Moisture

Surface Flux
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Land

Use
MODIS

Soil Moisture

validation

River Flow

Models



Results: 10days averaged soil moisture in the middle of the Indus 

River

Surface soil moisture Root zone soil moisture 
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Water 

Resources 

Management 

(IWRM)

Hydrological Model

(eg. WEB-DHM)

Satellite

In-situ Observation

GSMaP

Numerical Weather Prediction

TRMM

AMSR-E

Rain Gauge River Discharge

SSM/I

Geostational

Satellites

Optimization 

Scheme
validation

Soil Moisture

Surface Flux
LDAS

Land

Use
MODIS

Soil Moisture

validation

River Flow

GRACE Ground Water

Models

Ground Water

validation
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m
cm

Groundwater Level Variations (satellite-observed)

Groundwater Level Variations (ground-observed)



Integrated 

Water 

Resources 

Management 

(IWRM)

Hydrological Model

(eg. WEB-DHM)

Satellite

In-situ Observation

GSMaP

Numerical Weather Prediction

TRMM

AMSR-E

Rain Gauge River Discharge

SSM/I

Geostational

Satellites

Optimization 

Scheme
validation
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Surface Flux
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validation

GRACE Ground Water

Models

Ground Water

validation

Monitoring

River Flow

Drought
Index

Seasonal Prediction

Seasonal Prediction



In-situ observations

Satellite data

Reanalysis data

Hydrological Models

Drought Indices

Monitoring

Seasonal climate forecasting

Weather prediction model

Past/Current droughts

Prediction

Bias correction 

Improved accuracy 

Future droughts

Monitoring Capacity

Storage/Archive of observed data

MetadataQC

Data Access for usersMember countries

AWCI:

Information for assessment Information for planning and cc adaptation

•MIROC 5

•With reliable accuracy
•Corrected with 

past/observed data

GCMs:

•CMIP3

•CMIP5
•GMS

•Assimilation 

outputs

•WEB-DHM

•Multi-model 

ensemble (Bae 

sensei’s)



Spatial SA: Philippines



Months 1st 2nd 3rd

Year Observed SFC Observed SCF Observed SCF

1983

1991

1997

1999-2000

ARROW Legends: red= drought; green=normal; blue=wet

e.g. increase towards drought conditions

Seasonal Drought Prediction
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Motivation for AWCI/CCAA Study-Snow & Glacier

Model Development &Validation in four AWCI/CCAA basins

Multi layer 
snow module

Multi layer 
Glacier module

Water & Energy budget based Distributed 
Snow and Glacier melt model (WEB-DHM-S)

Water & Energy balance based 
Distributed Hydrological model

Climate model 
projections

(GCM scale)

Downscaling
Climate model 

projections 
(Basin scale)

Past

Future

Impact

Assessment 

on 

Cryosphere
(Dynamic/ 
Statistical)

Corrected 
Past

Corrected 
Future

Past Simulations

Hydrological 

Model
Future Simulations

Slide # 60

• Long term snowfall dataset is needed for bias correction of climate projections, which is currently 
unavailable in many poorly gauged/ungauged basins. 
• Reanalysis dataset can be used as baseline data but they should be corrected in prior to application. 
• A method has to be established for snowfall correction, based on analysis of simulated discharge with 
observed one and simulated snow cover with satellite snow cover, through physically based hydrological 
modeling. Thus, firstly, we need to develop “the physically based snow & glacier-melt model”

Reconstruction of 
snowfall by correcting 
Reanalysis Data

Snowfall 
correction 

method

8848

452

.

0 10 20 30 405
km

Legend

DEM (m)

River

High : 7011

Low : 331

Narayani (Nepal) Punatsangchu (Bhutan) Hunza (Pakistan)Dudhkoshi (Nepal) Upper Tone (Japan)
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Satellite
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DEM
Soil

Land Use
Vegetation

Rainfall
Temperature

Relative Humidity
Wind Speed

Solar Radiation

WEB-DHM

Calibration
Validation

Basin ParameterBasin ParameterBasin ParameterBasin Parameter

Flood Alert & Evacuation
Inundation Area (Land Use Map & topography)Land Use Map & topography)Land Use Map & topography)Land Use Map & topography)

Inundation depth (River cross section)River cross section)River cross section)River cross section)
Hazard Mapping (Socio Economic data)Socio Economic data)Socio Economic data)Socio Economic data)

Analysis of Flood

WEB-DHM

Provide Usable Knowledge & Adaptation Measures

Observed Rain(1981-2000)
CMIP3 20C3M(1981-2000)
A1Bscenario(2046-2065)

Observed Rain(2003-2008)
GSMaP Rain(2003-2008)

Monthly correctionMonthly correctionMonthly correctionMonthly correction

Removing Improper 
Global Climate Models

Climate Change 
Assessment
& Adaptation

Bias Correction (Normal rain,
Annual maximum, no rain days)

Downscaling
GSMaP Spatial Distribution MapGSMaP Spatial Distribution MapGSMaP Spatial Distribution MapGSMaP Spatial Distribution Map

20C3M : 20th Century Numerical Reproductive Experiment CMIP3 : Coupled Modeled Intercomparison Project Phase-3

Area Average Spatial Weight
Distribution Map

Check SensitivityCheck SensitivityCheck SensitivityCheck Sensitivity
- Number of Rain gauges
EvaluationEvaluationEvaluationEvaluation
----Annual basin average rainfall
-seasonal climatology rainfall

Check Applicability Check Applicability Check Applicability Check Applicability 
PoorPoorPoorPoor----gauged Basingauged Basingauged Basingauged Basin

Application to AWCI Demonstration Basin

Climate Change Assessment 

& Adaptation Framework



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



Obs.





Inundated area for floods of various return periods and hydrological risk



Flood Inundation map when the water level is at 
danger level at all the gauging sites
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Water Cycle Data Integration
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Integration
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Integrated & Coordinated Approach 
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Capacity
Building



Water is a Key 
bridging between climate processes and societal benefits.

(Richard H. Moss, et al., Nature, 2010)
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DDistributed istributed 

HHydrological ydrological 

MModelodel

In-situ obs.

(radiosonde)

RRegional  egional  CClimate limate MModel (ARPS)odel (ARPS)

GCMGCM
reanalysis, predictionreanalysis, prediction

downscalingdownscaling

Initial 

cond.

LakeLake--MountainMountain--AtmosphereAtmosphere in-situ 
obs.

TRMM

combined 
product

RainfallRainfall

in-situ obs.

DischargeDischarge

YieldYield

CCrop rop MModelodel

study on precipitation 

study on precipitation 
process in this area

process in this area

FloodFlood
LLand and DData ata AAssimilationssimilation SSystemystem

Soil MoistureSoil Moisture

AWSAWS

soil moisture

εεεε, T
sfc

T
B

LLand and SSurfaceurface

MModel  (SiB2)odel  (SiB2)

optimizationoptimization

(SCE)(SCE)

forcing

validation

AMSRAMSR--EE
* high tmprl resol.

RRadiative  adiative  TTransfer ransfer MModelodel

GLDASGLDAS
in-situ obs.

PALSARPALSAR
* high spatial resol.

validation

ClimateClimate Projection ModelProjection Model



A Way Forward for sustainable IWRM in A Way Forward for sustainable IWRM in 

Bangladesh (A DW based  project agreed upon by Bangladesh (A DW based  project agreed upon by 

GOB, ADB and us/EPRCGOB, ADB and us/EPRC))

Water sources WQ & monitoring

Climate 
variables projects

Disasters

Communication
& Capacity Dev.

Alternative Options/Adaptation

Safe 
Use, Sustainability

Institutions

Flood /WR



Economy of 
Adaptation to 
Climate Change -
EACC

To determine &  
justify cost of 
adaptation

To priorities 
adaptation options

To carry out COST-
BENEFIT ANALYSIS 
(CBA)

HOW TO TRANSLATE RESEARCH FINDING?



Observation
Integration

Model
Integration

Data Integration
& Analysis

Cross-SBA/CoP Coordination
Disaster/Health/Energy/Climate/Weather/Agriculture/Forest/Ecosystem/Biodiversity

Sustained
Education
Framework

Management 
System 

Integration

Water Cycle 
Integrator

Integrated & Coordinated Approach 

Work 
Bench

Capacity
Building



Workbench

issues

stake-
holder

stake-
holder

stake-
holder

stake-
holder

stake-
holder

Sharing data & information, 
and working together



WHY LANGAT?
� WATER CRISIS IN 

2014 OR 2019
� 4 WATER 

OPERATORS
� WATER DISTRIBUTOR 
� WATER QUALITY
� BASIN WATER 

TRANSFER –
ENOUGH WATER?

� ALTERNATIVE WATER 
– G. WATER?

Rapid increase in 
basin population

Intensive land 
development

Rapid loss of 
forests

Threat to 
biodiversity

Threats to 
riparian lands

Increased pollution 
and deterioration 

of river water 
quality

Increased 
frequency of 

floods

Increased 
catchment 

erosion

Inadequate 
environmental 

flows

Limited water 
resources

GEOSS – WCI WORK  BENCH : INTEGRATED & COORDINATED APPROACH 

DID

GMD

DOE

SEL. 

RBO

UNIV 

& RI

NRE W& 

GTech



Criterion Weighting by
Academics, Farmers, and Local Administrators

Local Administrators & Officers

Ecological Academics

Community Leaders & Farmers



Expectations

� Resolving water shortage and flood issues fundamentally

� Developing a healthy water eco-system through water quality 

improvement and river restoration project

� Enhancing the standards of community leisure and quality life

� Boosting local economics through the green new deal project
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Dissemination

(EfSD, etc.)

UN-CECARTraining for 

Professionals

Global/Regional

Initiatives & Programmes

UN and other International/

National  Partners

Research 

needs

UNU P.G. P
P.G 

Program

mes

P.G 

Program

mes

International

Professionals

Multidisciplinary

exchange

Local 

Community

Local 

Community

Local 

Community

Data collection

Information

Research topics

Knowledge sharing

Community empowerment

Networking at Local and national level

Structure of 
UN-CECAR
University Network 
for Climate and 
Ecosystems 
Adaptation 
Research
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Grand Challenges
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