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RReal -Time Data Archiving & 
IIntegration For Effective Water 

Resources Management In Sri Lanka

Mohamed Rasmy

Senior Researcher,  ICHARM/PWRI

Associate Professor,  GRIPS

ICHARM: Delivering best available knowledge to local practices

“ICHARM ACTIVITIES FOR A PLATFORM ON
WATER RESILIENT & DISASTERS  IN SRILANKA”

Target Action #1: Monitoring & Early Warning System

Real-Time Data 
Archiving & 
Integration

Data & Information 
Dissemination 

System

State of the Art 
Modeling System

• Upgrading to real-time data 
observing and archiving system

• Integrated data from multi-
platform (insitu and Satellite)

• Automated alerts & Online- data Transfer 
• Dissemination from models and satellite

• Simulating and forecasting 
water related disasters 

3 Main 
Aspects

SYSTEM DEVELOPMENT & APPLICATIONS

Water Level, 
& Discharge, 
Inundation

Near 
Real-time 
Rainfall

Hydrological 
Model

Gauge 
Data

GSMaP
Data

Bias Correction

Flood 
Forecasting

Short-term 
Draught 

Monitoring

Land-
slide/debris 

flow 
warning

Geographical, 
soil, and land-

use data

WRF 
+Ensemble

Rainfall 
Forecast

H
yd

ro
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gi
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l 
M
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el

Socio-economic Benefits:   
Hazard Maps & Disaster Early Warning, Assessment of Risk and Damages  

fits:

System
 D

evelopm
ent &

 Integration
D

issem
ination through D

IA
S
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In-situ rain gauge 
data (6 numbers)

Satellite precipitation data GSMaP

In-situ rainfall, satellite rainfall, calibrated and 
forecast  rainfall, inundation simulations

Simulation and forecasting 
of river discharge, water 
level, inundation extent

Inundation analysis results

Concept of RRI model

Ensemble 
forecasting 
rainfall for the 
next 16 days 
(max)

Himawari-8 
cloud images

May 2018: Early Warning System: Test operation

4 hr latency 
data  (NRT)

Real time  
data (NOW)

Calibration

Information 
provision

Email alert messages

Evacuation advisory by early warning

Government of Sri Lanka (Disaster
Management Center)

Damage reduction by pre-disaster measures

Government of Sri Lanka
(Irrigation Department)

Sri Lanka disaster management platformht
tp

:/
/f

f-
sr

ila
nk

a.
di

as
jp

.n
et

REAL-TIME DATA FOR FURTHER DEVELOPMENT

Automated Rainfall Monitoring 
System - ARGS

NBRO Irrigation Department 

Hydro Meteorological Information 
System (HMIS)

10 min data available via a public 
domain -

30 min data provided direcly to ICHARM 

Valuable information for effective integrated water resource and 
eater-related disaster managements 

MOVING BEYOND FLOOD FORECASTING TO IWRM  

We are developing the similar system as Kalu river not only limited to flood forecasting, but  also 
for IWRM including dam operation, hydropower generation, irrigation, agriculture, water-food-
energy nexus

Economically very important System (Rice Production 
(30-45%), Hydropower (25-35%) & Drinking Water )

11 Major Reservoirs and 4 Major Diversions 

Flood and Drought is the Main problems in Lower Part.

Rapid increase for water demand

No evidence based water usage plan
7 Tank and water diversion 

Flood and Drought

•

•

•
•

•

•

•

•

•

•

•
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DDevelopment of Effective Water Usage Plan 
ffor Dry zone in Sri Lanka

Case study : - Malwathuoya River Basin

Maheswaran Myuran
Irrigation Engineer 

ITI - Galgamuwa

Main Supervisor : - Prof. Toshio Koike
Sub Supervisor: - Dr. Mohamed Rasmy Abdul Wahid

Dr. Mamoru Miyamoto

OObjective of this study

• To Formulate some best scenario of integrated 
water usage (IWUP) in this Basin with 
respective of Giant’s Tank.

• To develop a Short term seasonal prediction of 
rainfall for Murunkan region to help decision 
making in choosing scenario 

• To understand the Possible income of these 
scenario

PProposed Framework of the water usage plan

Rainfall Inflow Tanks

Agriculture

Drinking Water

Environmental flow 
or unused water

Inland Fisheries

Seasonal Condition Hydrological behaviors 

Water 
Allocation

This is the basic elements of the proposed water usage plan for the dry zone tanks.  

Hydrological 
model

Global climate 
indices

Tank Operation 
model

W
at

er
 u

sa
ge

 p
la

n

2. Short term seasonal Prediction

1. Hydrological study

3. Scenario study

Proposed frame work for water usage plan

Wavelet 
analysis

WWavelet Coherence Analysis of the Variability at Station 3 ( MMurunkan)) 
WWith IOD, MJO and ENSO For Period from 1987 to 2017

Source:- Irrigation Department of Sri Lanka, Metrological department of Sri Lanka , https://www.esrl.noaa.gov/ , http://www.cpc.ncep.noaa.gov/

Correlation between rainfall 
and Regional indices in 

percentage 

Murunkan
IOD MJO ENSO

Signal
Frequency in 
Months

2 to 4 54.95 52.23 50.11
4 to 8 56.50 58.19 52.49
8 to 16 56.17 54.89 55.95
16 to 32 46.93 44.32 46.56
32 to 64 51.39 54.82 56.50
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GGlobal Indices and Std. Anomaly rain indices correlating to Prediction

IOD MJO Std. Anomaly Index
Positive and > 0 Positive and < 0.1 Positive
Positive and > 0 Positive and > 0.1 Negative
Positive and >0 Negative and < -0.25 Positive
Positive and >0 Negative and > -0.25 Negative
Negative Positive Positive not Applicable
Negative Positive Negative
Negative and < -0.25 Negative < -0.5 Positive
Negative and > -0.25 Negative < -0.5 Negative

In
de

x 
va

lu
e

Rainfall in m
m

- These condition are mostly ok except 
the green circulated month in 2010 
to 2011.

- Checked for 2010 to 2017

- Positive means rainfall above 
average

- Negative means rainfall below 
average

- Extrema event is shown in RED. 
Source:- Irrigation Department of Sri Lanka, Metrological department of Sri Lanka , https://www.esrl.noaa.gov/ , http://www.cpc.ncep.noaa.gov/

Sc
en

ar
io

s

Flood Event 
Approach 
(2010-2011)

1. Full Pad in Maha and Yala Pad
2. Full Pad in Maha and 60% pad + 40 % GG in Yala
3. Full Pad in Maha and Yala GG
4. Inland fishier + Full Pad in Maha and which ever high in Yala

Normal 
Event 
Approach 
(2007 -2008)

1. ID registered Area Pad in Maha and 60% pad + 40% GG in Yala
2. Full Pad in Maha and Yala Pad
3. Full Pad in Maha and 60% pad + 40% GG in Yala
4. Full pad in Maha + inland fishier and Which ever high Yala

Drought 
Event 
Approach 
(2013-2014)

1. 40% GG in Maha and Yala Pad
2. No Maha and Yala Pad + intermediate Pad
3. No Maha and Yala Pad + intermediate GG
4. Inland Fishier in Maha and Yala Pad + Intermediate GG 

Hypothesis 
Approach 
(2010-2011)

1. Full pad in Maha and 70% Yala pad

2. Full Pad in Maha and 60% pad +40% GG in Yala (85%) 

3. Inland fishery + Full Pad in Maha and which ever high Yala pad

Sector 3 Scenario study
Selection  of Scenario study depending on Prediction

- These Approaches 
were used in RRI 
model and TOM 
model to find the 
feasibility of 
success.

- With those output, 
possible income 
generated from 
the scenarios are 
studied.

- GG – Green Gram
- Pad - Paddy

SSelection of Best Scenario comparing the possible income
- Approach 4 is the best 

Scenario of IWUP in 
every events.

For this Study following 
Data were taken from the 
sources
- Yield Per ha
- Farm –gate price of rice 

and green gram in 
USD/ha

- Inland fish export value 
for Sri Lanka is taken 
assumed 5% 
contribution from GT

Sources :- Agricultural department and Department of Census and Statistics and National Aquaculture Development Authority of Sri Lanka

11.27
14.38 14.99

20.89 21.38

2.21

10.76

4.71

10.76 11.29

11.27

23.07
26.11 26.60

11.31

17.33

2.68

20.51
18.48

19.9621.99
22.43

89%

98% 136%

Same 
as 

normal

RResults 
• The best Scenario for IWUP for the Giant’s tank is to collaborate

Paddy and Green Gram Cultivation with Inland Fishers including
coordinated tank operation.

• The percentage of Collaboration is depends on the short term
Seasonal Prediction.

• Additional outcome is that if there is a tank in upstream of Thekkam
then the possible income can increased more than 100%

• With this case study it is proven that the proposed frame work is a
good tool to develop effective water usage plan for dry zone in North
part of Sri Lanka
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• Development of Integrated Water Resource Management Plan for the Utilization of 
Water in Mahaweli River Basin to reduce the Flood and Drought in Downstream area.

• Reliable Hydrology Model for the Basin to Simulate Actual Condition.

• Optimization of Water Diversion Capacity to Dry Zone.

• Dam Operation Rules to Minimize the flood in Downstream.

Objectives of the Research

Observed River Data

Ground Rainfall 
Data

Satellite 
Evaporation Data

Bias Correction

Basin Modeling

Dam Operations
Data

Model Calibration 
& Validation 
without Dam 

Condition

Integrated Water Resource 
Management Plan for the 

Utilization of Water 

Dam Operation Rules to Flood Reduction 

Optimize Water Diversion to Dry Zone

Significance of Upper Reservoir

Irrigation Water 
Requirement

Water Diversion

Drinking Water 
Requirement

Diversion Requirement

Dam Operation

Methodology

Complete Hydrological Model
Mahaweli River Basin

Propose to adopt this concept to all 
complex Basins in Sri Lanka

Hydrological Model For 
Mahaweli River Basin

Upper Basin
Aban River Basin

Lower Region of Basin

Source: Mahaweli Authority and Irrigation Department Annual Reports

Simplified of Complex System By considering Topographic and Climatology Zone

1
2

1

2

3

3
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NSE = 76.9 %

RRI Model Calibration and Validation n –– Simple Model 

N

Data Used, 

Before 

Construction 

of Dams

Peradeniya (Data from 1969 – 1970)

Mahiyanganaya (Data from 1969 – 1970)

Mananpitiya (Data from 1969 – 1970)
B

A

• Before Dam 

Construction

y f

NSE = 70.4%

NSE = 76.4%

NSE = 61.2%

NSE = 76.1 %

• With 

Boundary 

Condition Kothmale Res.

Victoria Res.

Randenigala Res.

Bowathenna Res.

Moragahakanda Res.

Proposed Dam Operation Rules for Flood Operation

Development of Integrated Water Resource Plan for Mahaweli River Basin in Sri Lanka

South West Monsoon North East Monsoon

• New Dam Module introduced to RRI by considering all above

APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR
1 Kothmale_Reservoir 6% 10% 15% 20% 20% 15% 10% 6% 6% 6% 6% 6%
2 Victoria_Reservoir 6% 6% 6% 6% 10% 15% 20% 20% 20% 15% 10% 6%
3 Randenigala_Reservoir 6% 6% 6% 6% 10% 15% 20% 20% 20% 15% 10% 6%
4 Bowathenna_Reservoir 6% 6% 6% 6% 10% 15% 20% 20% 20% 15% 10% 6%
5 Moragahakanda_Reservoir 6% 6% 6% 6% 10% 15% 20% 20% 20% 15% 10% 6%

1 Kothmale_Reservoir 20% 20%

Kothmaale Res.

2 Victoria_Reservoir

3 Randenigala_Reservoir

4 Bowathenna_Reservoir

5 Moragahakanda_Reservoir

20% 20% 20%

20% 20% 20%

20% 20% 20%

20% 20% 20%

Moragahakanda Res.

Bowathenna Res.

Victoria Res.

nigala Res.Rande

• Four Main Stages considered to Control Dam for Flood
• Pre –Flood Operation Stage
• Flood Operation Stage
• Pre – Emergency Operation Stage 
• Emergency Operation Stage

• Monthly Basis New Diversion Module introduced to RRI by considering all above

System Performance and its applications

• Both Dam Operation & Diversion

Flood Reduction in lower part due to Dam Operation Rules

Two Scenarios Checking to Optimize the Water Diversion

Conclusion

• Conclusion
• Complex system Approach was Developed & Apply  to Mahaweli System

• Simplified the complex System

• Introduced the Water Diversion and Reservoir Operations

• Model Was Calibrated and Validated With and Without Reservoir and Diversions

• Monthly Basis 20% flood Storage is very effective to reduce the flood in downstream area.

• If it increase tunnel Capacity by 60%, Cultivation extend can increase( 17-20 % ) in the dry zone

• Cultivation Decision is very important to increase the Farmer Income.

• First Priority should be given for Irrigation water Demand in Kothmale Reservoir.

• Coordinated Reservoir Operation & Management Between Institutions is Very Important.
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A Proposal for Science and Policy Implications for 
the Integrated Water Resources Management in 

Mahaweli River Basin

Hemakanth Selvarajah
Irrigation Engineer, Irrigation Department

PhD. Student at GRIPS/ICHARM

PhD. Research Theme

Integrated Water Resources Management

The IWRM approach 
endorses an efficient, 
equitable and sustainable 
development and 
management of the limited 
water resources and coping 
mechanisms for conflicting 
demands

According to UNESCO

Systematic, Integrated decision 
making that recognizes several 
interdependences.

Sustainable Management of 
Water Resource requires;

On a basin level IWRM Land use-Water-Environment
Food-Energy-Water
Economic-Social-Hydrologic
International-National-Local

And many more…
Upstream-Instream-Downstream

2

National 
Level

Provincial/ 
District Level

Divisional/ Local Level

Administration in Sri 
Lanka

IWRM Stakeholders in a River Basin of Sri Lanka
Department of Irrigation
Mahaweli Authority
Department of Agriculture
Department of Animal Production & Health
Provincial Irrigation Departments
Ceylon Electricity Board
Water Resources Board
National Water Supply and Drainage Board
Wildlife Department
Department of Meteorology

Disaster Management Centre
Forest Department
Ministry of Industrial Development
Ministry of Fisheries and Aquatic Resources
Land Commissioners Department
Coast Conservation Department
Department of Agrarian Development
Central Environmental Authority

and
Public

Mahaweli River Basin

Largest River Basin in Sri Lanka
Covers 10,300 sqkm out of 65,610 sqkm
11,000 MCM of annual water yield in 335 km
long river
The volume is about 20% of the discharge of
all the river basins of Sri Lanka
40% of land area of the Island is planned to
develop under Mahaweli System

Basin Detail

Food for increasing Population
Reduce imports of agricultural goods
Improve the economic conditions
Irrigation for Agriculture
Hydropower for household & industry
Reduce unemployment
Improved food security

Mahaweli was Developed To;

Tradeoff Between Food Production and 
Energy Generation.

Current Issues in IWRM

Drought and Flood as Climate change impact.

Complex system within different climatic 
zones and rapid stream flow changes.

Different stakeholders.

Degraded Irrigation Efficiency.

Alarming increase in Water pollution.

3

Review of IWRM Case Studies
Mahaweli river basin has been operated by various stakeholders in different socio 
economic and environmental characteristics. 

Integrate a number of stakeholders by compromising various components in water 
usage of the system. 

Integrating varieties of water use, geographic and hydrologic, agricultural and social 
and economic patterns have to be divided into sub systems.

Addressing the nexus between the water and energy and food, the tradeoff between 
these trilemma has to be considered. 

Three approaches were 
selected based on the 
relevance of the study

1. Compromise Programing Approach
IWRM in Polurd Irrigation System in Iran., Mahdi Zarghaami, International Journal on Water Resources 
Management

2. Domain Decomposition Approach
Integrated Hydrologic-Agronomic-Economic Model for Syr Darya River Basin Management in Central Asia, 
Ximing Cai et al. Journal of Water Resources Planning and Management

3. Tradeoff Frontiers Approach
Frontiers of the food–energy–water trilemma: Sri Lanka as a microcosm of tradeoffs, Debra et al, Environmental 
Research Letters 4
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Review of IWRM Case Studies
Compromise Programing 
Approach

Domain Decomposition 
Approach

Tradeoff Frontier 
Approach

A Compromise Programming 
approach is used in Poluard Irrigation 
System to ensure efficient water 
regulation and to plan the multi-
criterions such as 

Efficient distributing water among 
users
Sharing patterns within different 
crop varieties
Drought management
Planning environmental releases

A Tradeoff Frontier approach is used 
to show the compromise between 
two outputs given a set number of 
inputs in the Mahaweli River Basin.

And

To visualizing system-level tradeoffs 
among Water-Energy-Food 
trilemma, especially when water 
scarcity is driving the nexus.

An Integrated hydrologic-
agronomic-economic model was 
developed based on decomposition 
of Syr Darya river basin network in 
Central Asia

Multiple-source nodes (reservoirs, 
aquifers, river reaches, etc.)

Multiple demand sites, with a 
number of crops considered in each 
demand site. 
Multi-period network model of the 
river basin, ranging from crop root 
zones to the river system to
Maximize total water use benefit 
from irrigation, hydropower 
generation, and ecological water useMahdi Zarghaami, International Journal on Water 

Resources Management
Ximing Cai et al. Journal of Water Resources 
Planning and Management

Debra et al, Environmental Research Letters
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Proposal for Science and Policy Implications

Data Source of 
information

Num. of affected 
people

MASL,DMC

Agricultural damage MASL, AD, ADD,DMC
Direct economic loss 
other than agricultural 
loss 

MASL,DMC

Damage Hazard

Data Source of 
information

Rainfall MASL,ID,NBRO, MD, 
GSMaP, 3B42RT,

River water level 
and Discharge

MASL, ID,

Dam inflow and 
outflow discharge

MASL, ID,

Diversion Discharge MASL, ID,
Evaporation MASL,ID,MD,
Inundation depth DMC, web,
DEM HydroSHEDS

Data integration for characterizing the water resources
Socio-economic

Data Source of 
information

Land use MASL,ID
Agriculture MASL,ID,AD,ADD
Population MASL,
Water Demand NWS&DB,
Crop Yield AD,ADD,MASL,ID,
Crop cost & Price ADD,PMB,
Infrastructure MASL,ID
Hydropower 
station Data

CEB,MASL,ID
On-line 
Information 
provision on 
DIAS In-situ rainfall, 
satellite rainfall, calibrated and 
forecast  rainfall, inundation 
simulations

In Sri Lanka, through the Platform of Water Resilience and disaster, 
DIAS has already started integrating ground and satellite precipitation 
data, rainfall forecasting data, results of flood inundation analysis and 
forecasting, and satellite observation data on cloud development, as 
well as ongoing floods and inundations. 6

Proposal for Science and Policy Implications

Identification

Policy-making Community of 
Practice

Data 
Archiving

Integrated Model 
Development

Hydrologic + Socio 
economic

Optimization 
of Benefits

Societal Change
(land use , population)

Climate Change
(Flood, Drought)

Monitoring

Prediction

Tr
an

s 
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sc
ip
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ar

y 
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n

N
at
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al

 S
ci
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d 
So
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o 
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C
ap

ac
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Bu
ild
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g

Integrated Water Resources Management

Future

Present

Past

Ph
D

. P
ro

gr
am

Damage Hazard Socio-
Economy

Platform of Water Resilience and disaster 

International Corporation
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Proposal for Science and Policy Implications
The end to end approach of climate change adaptation can be used for developing a comprehensive Integrated 
Water Resources Management for future adaptation under varying climate by integrating natural science, 
engineering and technology and social science to enable dynamic policy making.

Quantifying
Uncertainty   

Climate 
Model

Outputs

Down-
scaling

Development 
of integrated 

Water 
resources 

management
system

flood
irrigation

drought

hydro power

Environment

Socio-
economics 

Regime
shift

Im
pact assessm

ent

Allocation 
policy

Land use

Adaptation  
options

Innovative  
technology

- Structural 
& Non 
structural 
Measures

Decision 
m

aking

Monitoring 
evaluation

Im
plem

entation

Integrated
Observed 
Data Sets 

Scientific Approach Engineering Approach Socio-economical Approach

Bias
Correction

Climatology
Check

Extreme
events

water supply

System 
Modification
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