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Develop practical capacities in 
routine water accounting to understand 
water use and demand;

Develop water allocation frameworks and 
processes that are based on water 
accounting and help share water between 
the various demands;

Work with farmers and water managers to 
adapt to water scarcity to optimise 
productivity with the amount of water that 
has been allocated; and

Establish a Regional Cooperative 
Platform to capture and share lessons via 
south south learning and exchange.



What is needed to implement effective water 
accounting and water allocation/planning?

A thorough 
understanding of 

water tenure

A multidisciplinary 
space embedded in 

government that 
considers all water 

using sectors

An understanding of 
data capacities and 

shortcomings

A plan for building 
national capacities 

and addressing policy 
gaps

A progressively more 
accurate picture of 

water availability and 
demand (current and 

future)

Opportunity to learn 
from success or 

failures in similar 
contexts



Water 
Tenure 

Analysis

Water 
Accounting 
Roadmap

Water 
Scarcity 

Action Plan

Regional Cooperative Platform

National Multidisciplinary Team 

Water 
Allocation
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Overview

1. Regional approach to water scarcity analysis

2. What is water scarcity?

3. Analysing four types of scarcity

4. Water scarcity hotspots

5. Evolution of water scarcity 1971–2010

6. Mekong region highlights:
i. Cambodia

ii. Thailand

iii. Lao People's Democratic Republic

iv. Viet Nam

7. Trajectory of water scarcity & management

8. Concluding remarks
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A dead fish during drought in Tri An Lake, Dong Nai Province, Viet Nam
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Ten countries analysed:
1. Nepal
2. Bangladesh
3. Myanmar
4. Lao PDR
5. Thailand
6. Cambodia
7. Vietnam
8. Indonesia
9. Fiji
10. Australia

Fig. 1. Map of the study region (courtesy of M. Kallio)

Regional 
approach to 
water scarcity 
analysis
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Regional 
approach to 
water scarcity 
analysis

2.
What is the nature of water scarcity in 
10 case study countries?
(Bangladesh, Cambodia, Nepal, Thailand, Vietnam, Laos, 
Fiji, Indonesia, Australia, Myanmar)

3. 
How do case study 
countries manage water 
scarcity?
• What has worked 

(and why)?
• What hasn’t worked 

(and why)?

1.
How does water 
scarcity vary 
throughout Asia?

4. 
Which other countries 
face similar water scarcity 
problems?
How can good policy 
instruments  & successful 
management experiences 
be shared and adapted 
from one country to suit 
another?

Policy
instruments 

GOALS:

▪To better understand the water scarcity
dynamics across the Asia–Pacific region.

▪Lessons learned for how scarcity is managed.

▪Provide insights into policy targets related to 
water scarcity.

▪Highlight features for water scarcity management, 
such as water accounting, allocations, and caps.
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Partner 
organisations

Role of partners

A. WSP Program design

B. Regional water scarcity geospatial analysis

C. Cambodia policy review & water scarcity profile

D. Other case study policy reviews & profiles

A

CB

D
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What is water 
scarcity?

An imbalance between freshwater supply and demand

in a given country/region/river basin

where demand exceeds supply

under present institutional arrangements and infrastructure

Signs of water scarcity include

▪ Competition for water resources 

▪ Groundwater over-exploitation

▪ Insufficient environmental water flows

(FAO, 2012)
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Four types of 
water scarcity

1. Too little water
Low natural precipitation and runoff
→ Low water availability per capita

2. Too variable water
Seasonal and interannual variability in precipitation
→ Variable water availability (incl. drought)

3. Over-utilisation of water
Water use exceeds availability or causes quality issues
→ Reduced availability for other uses

4. Poor water quality
Inadequate water quality for required uses
→ Reduced availability of water for water users

WATER SHORTAGE
- Water Crowding Index*

- Indicator of competition over water resources

GREEN-BLUE WATER SCARCITY
- Agricultural water scarcity

- Green-Blue Water Scarcity Index**

- Indicator of sufficiency of local water 

resources for agriculture

WATER STRESS
- Water Stress Index***

- Indicator of excessive water use compared to 

availability

Geospatial analysis of water scarcity patterns across the region 

between 1971 and 2010, using three core indicators

*Falkenmark et al., 1989
**  Gerten et al., 2011; Kummu et al., 2014; Rockström et al., 2009
*** Alcamo & Henrichs, 2002; Vörösmarty et al., 2000
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Water scarcity 
hotspots,
1971–2010 

The population living under high or severe water 
scarcity more than doubled, from 1.1 billion to over 
2.5 billion people.

For green-blue water scarcity (agriculture), it increased 
from 0.2 billion to nearly 1.5 billion people.

Competition emerging in high-demand hotspots 
where water resources are either unavailable locally, 
or financially/technically challenging to augment.

Hotspots around large cities in all countries, with 
trends of declining water quality and groundwater 
depletion (e.g., Bangkok).

Map courtesy of M. Kallio

Fig. 2.
Water scarcity hotspots in the 
region during the historical 40-
year period 1971-2010. 

Map highlights areas with chronic 
(water scarcity in at least four out 
of five years) or variable (water 
scarcity in at least every one in 
five years) water scarcity across 
the three indicators used in the 
regional assessment
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Evolution of 
water scarcity,
1971–2010 

Fig. 3 Historical trajectory of water scarcity in the Asia – Pacific 1971-2010. 

Every country in the region 

has experienced 

worsening water scarcity, 

especially arid countries.
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Highlights: 
Cambodia

Cambodia experiences too variable water and 
poor water quality, which also often interact – dry 
season shortages mean people in rural areas often 
resort to using unsafe water sources.

The country’s water scarcity is particularly evident 
in rural areas and agricultural activities are the 
most affected by water variability and only 16% 
water in rural areas is safely managed 
(compared to 55% in urban areas)

Untreated wastewater is an issue in Phnom Penh 
and the Delta.

Climate change may worsen intra-annual 
variability – there is already evidence of longer dry 
season and delayed wet season. This will be an 
issue especially for the Tonle Sap Lake’s flood 
pulse system, which supports fishing livelihoods 
and food security for millions of people.

Fig. 4. Water scarcity monthly averages 1971-2010 (Kallio, 2021)
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Highlights: 
Thailand

Thailand experiences all four types of water scarcity: 

too little water, too variable water, overutilisation,

and poor water quality.

Each region of the country experiences water scarcity 

differently – e.g., industrial development in the Eastern 

Economic Corridor has rapidly increased water demand 

and is causing over-utilisation of water.

Poor water quality is a widespread issue due to industrial 

and agricultural pollution and high population density, 

along with low rates of wastewater treatment (except in 

Bangkok).

Recent droughts have led to increased saline intrusion 

(e.g., in Chao Phraya).

Climate change may impact the country’s agricultural 

sector due to increased spatial and seasonal variability 

of precipitation. 
Fig. 5. Water scarcity indicators for Thailand (Kallio, 2021)
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Highlights: 
Lao People's 
Democratic 
Republic

Lao PDR has relatively abundant water resources per capita, but spatial and 
temporal variability is causing too variable water, over-utilisation, and poor 
water quality.

Increasing water demands from the agricultural, industrial, and domestic 
sectors are expected to worsen water scarcity. Intensification of irrigation is 
also a growing problem in many areas.

Hydropower reservoirs on the Mekong River are fragmenting river hydrology 
in many areas and changing the timing of water availability throughout the 
year by flattening seasonal variability.

Industrial and urban areas (e.g. Vientiane, Savannakhet and Pakse) face water 
quality issues due to pollution.
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Highlights:
Viet Nam

Viet Nam experiences all four types of water scarcity:

too little water, too variable water, over-utilisation 
and poor water quality.

High spatial variation in water scarcity across the 
country; Mekong Delta facing significant issues of 
saline intrusion due to impacts of sand mining and 
reduced transboundary water flows.

Transboundary concerns due to 63% of the 
country’s surface water sourced from transboundary 
rivers.

Groundwater overexploitation in some areas is 
leading to land subsidence and poor water quality.

The Mekong Delta faces intensified saline 
intrusion due to decreasing transboundary 
water flows and deepening river channels 
due to sand mining, while agricultural and 
domestic wastewater contribute to poor 
water quality.
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There is a 
common pattern 
to water 
resources 
development, 
including water 
scarcity… 
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This trajectory 
helps to identify 
four categories of 
insights for 
management of 
water scarcity

Water accounting = 

important for understanding 

water resource availability 

and dynamics
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Concluding 
remarks

▪ Growing pressures such as population growth, increasing 
water demands and competition, and pollution continue to 
worsen water scarcity across the Asia and Pacific.

▪ Water scarcity challenges in the Lower Mekong countries tend 
not to be about chronic scarcity, but rather ‘too much’ or ‘too 
little’ (i.e., too variable) water.

▪ This often manifests as drought and seasonal scarcity, which 
may worsen in some countries due to limited seasonal water 
storage (e.g., Cambodia and Lao PDR).

▪ Water quality is deteriorating due to industrial and 
agricultural pollution, with serious implications for human 
health, ecosystems, and food security across the region.

▪ Water scarcity has no easy fix, but acting early is vital and 
we have many tools available to us to move towards more 
sustainable water management.
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Thank you for 
listening!

Cảm ơn
ขอบคุณ
សូមអរគណុ
ຂອບໃຈ

Contact me: amy.fallon@amperes.com.au
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Climate change and water scarcity
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Projected impact of Climate Change and other 

stressors on water uses and allocations

Lan Thanh Ha

Institute of Water Resources Planning (IWRP)
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• Vietnam is ranked 28th/49 countries in Asia 
with a National Water Security Index score of 
59.9/100 (Asian Water Development Outlook 
report, ADB, 2020);

• Climate change is likely to accelerate water 
scarcity (FAO, Water Scarcity in AP, 2023).

• Ranked 13th/180 countries in term of climate 
vulnerability (Global Climate Risk Index, 
Germanwatch, 2019); 

• Vietnam lost $10 billion in 2020 (3.2% of 
GDP) to climate change impacts (World Bank, 
2021).

Climate change context

Maps of ET in 2019, one of highest year with 20-30% increase 

Source: FAO WS in Vietnam, 2021; map from FAO’s WaPOR
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• Unevenly distributed (spatial and 
temportal)

• Depends on transboudary water

• Increasing in water demand

• Water use efficiency, governance, 
climate change, disaster risks.

Water resources in Vietnam
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Water use and allocation

Food production

Water storage

Hydropower 

production

Ecosystem 

degradation

GHGs targets, climate 

change adaptation

Socio-economic 

restructuring (inc. new 

users)

Dry season
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Source: MARD, National WR and disaster 

prevention master plan; Water security and 

Dam safety Programme.

Projected climate change impact on demand & deficit
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 Focus on structural (grey) solutions

 Independent projects:

 Irrigation/Rural water supply

 (Urban) water supply

 Hydropower

 Flood/drought prevention

 Industrial

managed by sectoral agencies lacking of 
coordination

 Focus on water supply, not on demand 
management

 Lack of attention to environmental and social 
aspects

 Institutional, governance, lack of operational water 
accounting

Tackling water use and water allocation challenges – how it took place in 
Vietnam 
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Water quality deterioration

2030 Water Resources Group 2017

 Combination of: domestic, industry, craft villages and agricultural use

 Become more severe in recent years

 Hotspots include major river basins and cities: Red, Mekong, Dong Nai

 Significantly contribute to water scarcity

 Challenging to regulate, lacking of accounting framework

(FAO, Water Scarcity Report for Vietnam, 2022)

IWRP, Report on WQ in Nhue river, 2020
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Paddy rice yield (ton/ha) in Ca river delta
Source: Nguyen Van Tuan et al., 2022; FAO’s WaPOR tool

Increasing demand
 Agricultural being the highest 

consumption sector of water (70-
85%)

 Change in demand pattern: 
domestic, industry, tourism

 Prone to climate change, water 
scarcity, pollution

 Needs of demand management 
and water reallocation
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Water-related ecosystem degredation

Source: Ha et al., 2023a 
(doi.org/10.3390/su15076182)

 Lacking of accounting framework

 Intertwined with water use and 

allocation

 Rapidly declining, prone to climate 

change

 Challenging to monitor/assess

Ecosystem services in Red River Delta (Source: Ha et al., 2023b)
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Projected stressors on water use vision until 2045

▪ Increased demand/abstraction

▪ Absence of new suitable supply infrastructure sites

▪ Full or over-allocation of water resources

▪ Economic development/diversification (new users)

▪ Environmental degradation/loss of ecosystem services

▪ Climate Change/increasing variability 

Source: MARD, Water Security and Dam safety Programme (draft), 2023
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Thank you for your attention!

(lanht.tl@mard.gov.vn)
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Break-out group discussion

• How does scarcity manifest in your country?

• What is the impact on the food, energy and environment sectors?

• What are supply side options and what are their consequences?

• What are the water allocation challenges? 

• What is being done?



Session 2: Water accounting to lay foundation for 

managing water security 



Water accounting

A brief policy focused rationale

Hugh Turral  
hugh.turral@gmail,com

4-5 July 2023, Bangkok



The need for water 
accounting

Rising water scarcity in Vietnam, Thailand 
& China; seasonal water scarcity in Laos, 
Cambodia and Myanmar.

• Intersectoral competition
• Agriculture the dominant consumer

• Environmental degradation (rivers, 
wetlands, coastal zones)

• Widespread decline in surface and 
some groundwater quality

CLIMATE CHANGE IMPACTS

NEXUS

Consider the consequences of  un-
sustainable water use in your sector: 
farming, fish, energy, WASH, aquifers, 
ecosystems

Too 
much 

demand

Too little 
water

Poor 
water 
quality

Too 
much 

variability 

Source: Kallio Aalto University for FAO WSP

What information do you need for policy development, water resources planning and management?



HOW MUCH 
WATER
DO WE HAVE ?

HOW MUCH 
WATER
DO WE NEED ?
• when
• where

Variability
• Seasons
• Years
• Trends

Nation
River Basin
Local

Drinking water
Sanitation
Agriculture (Crops, Animals)
Fish
Hydropower & energy
Industry
Environment (rivers, wetlands)
++

+

=

-
NOW FUTURE

WHEN?       

WHERE?

USES

WATER BALANCE

Water Accounting  - what does it involve?

We are primarily concerned with the water we can manage – stream flows and groundwater



Water Accounting

• Needs continuity, detail and reliable data

• Data is often patchy, messy and of varying 
quality

• START SIMPLE & IMPROVE!

• There are multiple uses & USERS of water 
– irrigated agriculture typically accounts 
for 80% + of water use in Asia, and most 
of it is consumed as evaporation and 
transpiration by crops, trees & vegetation

• Understanding consumption, particularly 
in agriculture, is important because of 
what happens to return flows

• The options to save water for other uses 
at basin scale depend on understanding 
consumption and return flow and the 
connections between different users

Coastal zone

Policy implications lie in local versus basin-level social, economic and environmental benefits, and equity 



Environmental Water Use

• Environmental water needs to maintain 
rivers, wetlands, estuaries, coastal zones, + 
riparian vegetation are typically ignored in 
Asia, especially where large amounts of 
water are extracted for irrigation.

• Where environmental flows (EFs) are 
specified, 

• they are usually expressed as minimum 
flows – typically at around 10% of minimum 
annual flow. 

• It is rarer still that these are monitored and 
managed.

• Habitat is dynamic and has evolved in 
response to historical patterns of flow, 

• EFs to maintain healthy condition should  
mimic the natural pattern in terms of 
amount, timing, duration – and are more 
complex than minimum flows

Policy implications: 
water accounting should include and quantify current environmental water use and improve the assessment of e-flow requirements 
to sustain healthy rivers and avoid future costs in re-allocating stressed water systems to restore aquatic environments

The Murray Darling Basin – Australia: a cautionary tale

• MDB covers 1m km2 

• Low rainfall and runoff (<3%)

• 2m ha irrigation:  ~40% of mean annual flow

• Fear of over development led to a cap on water use 
in 1994

• Continued concern about environment degradation 
led to 

• the recovery of 2.4bcm of irrigation entitlements for 
environmental use (2014 to present)

• sustainable diversion limits at catchment scale

• The cost has reached around AU$ 13b for the MDB 
Plan (maybe around $4b associated with 
environmental recovery)

• Similar exercises are unlikely to be possible in the 
many stressed rivers of Asia.



Wastewater produced      &  treated (2019)

Source: Kallio Aalto University for FAO WSP

Water Quality

• Widespread degradation of water 
quality in the region – in-stream, 
aquifers, lakes and wetlands (multiple 
evidence in GMS).

• Multiple sources and jurisdictions
• Non-point source from cropping, 

point source from industry, human 
settlements, animal production, 
aquaculture

• Further reduces water availability or 
and increases cost of water use 
(treatment, public health costs, lower 
productivity)

• Cost of remediation is high. Reuse of 
urban wastewater in agriculture has 
benefits and costs, but only accounts 
for a small part of the water balance

• Small fraction of a small fraction of 
total water use in most countries.

Policy implications: 
water accounting should include water quality assessment, mapping and monitoring in relation to flows & water use



Who is water accounting 
for?

ALSO

• Local government

• Catchment managers and catchment 

management authorities

• River managers

• Managers of water supply, sanitation 

and hydropower utilities

• Energy planners

• Agricultural planners

• Private sector agribusiness

• Livestock enterprises, businesses and 

pastoralists

• Independent policy analysts and 

thinkers

• WATER USERS (COMMUNITIES)



Uses of Water 
Accounting

Broad range of applications

• Resources assessment, planning and management 
of water supply systems (WASH, Irrigation) to river 
basins

• Performance assessment of WASH, industrial, 
energy and irrigation systems

• Assessment of environmental flows

• Groundwater monitoring, regulation and compliance

• Pollution management, monitoring and control

• Understanding economic and social benefits of 
water use

The main strategic application is the 
development, support and monitoring of 
effective, transparent and fair WATER 
ALLOCATION 
• political priority setting on who gets how 

much water, (where and when) 
• the rules designed to achieve those 

priorities 
• the operations that implement the rules, 

between and within sectors.

PRIORITIES

DRIVERS

Food
Basic needs – Watsan, health
Energy
Wealth, standard of living

WATER QUALITY

POPULATION

CLIMATE/CLIMATE CHANGE

Degradation
Ecosystem restoration

Principles
Equity
Economic Efficiency
Environmental Sustainability

Between Sectors
Within Sectors

Politics
Law

AUGMENT
SHARE 
REBALANCE

POLICIES

RESOURCE 
ALLOCATION

RESOURCE 
NEEDS

IMPACTS

Trade-offs



A Water Accounting 
System

Building Blocks

• Institutions and Governance

• Technical (water balance)

• Applications

Step by step cycle of developing and 
improving water accounts:

• Rapid water accounting (RIDA framework)

• Improved data, data substitution through 
modelling and remote sensing

Capacity building

• Training

• Learning by doing

• Exchange



Approaches to creating 
water accounts

• Flow based water balance of managed 
surface and groundwater

• Starting with spreadsheets and 
inventories of use and users

• Remote sensing-based approaches 

• Rainfall

• Actual evapotranspiration

• Hybrid approaches

• Using remote sensing to improve flow 
based and hydrologic modelling

• System of Economic and Environmental 
Accounting for Water (SEEAW)

• Values (S, E, Env) applied to water 
accounting information derived from 
elsewhere (above)

9 CPWF w o r k in g  paper  BFP01 - Model concepts and description

For each catchment, we assume that a simple, conceptual, mass balance model applies, 

depicted schematically in Figure 2. Not all features in the schema appear in every 

catchment: for example, catchments in basin headwaters have no inflow  from upstream, 

and some catchments lack irrigation. 

RainET

Runoff

Surface
store 

Inflow from 

upstream

Dam

Discharge to 

downstream

Irrigation

RainET

Diversion 

demand

Diversion demand 

from downstream 

irrigation area

Return flow

Irrigation

supply

Ground
-water

Storage in 
channel / 
floodplain

Evaporation

infiltration

Baseflow

Figure 2. Conceptual model of a single catchment.

Any element within the water account, whether it is a dam, a river, a catchment, or a 

whole basin must obey basic mass balance:

0storagesoutflowsinflows =∆+∆ ∆∆∆  (1)

3.2. RAINFALL / EvAPOTRANSPIRATION / RUNOFF 

We derive partitioning of rainfall using the reasoning of Budyko (1974), which applies 

to average annual runoff, with the addition of a storage that varies from month to 

month. We firs t ly par ti tion r ainfall, P, at the land surface into runoff, R
o
, and infilt r ation, 

I, where conservation of mass must be observed. The infilt r ation component, I, is 
an addition to a generalized surface store, which could include temporary free water 

such as puddles, as well as actual infil

t

r ation into the soil. Evapotranspiration from the 

generalized surface store will be dealt with separately after calculating the infilt r ation. 

Thus: 

0=−− RoIP  (2)

Rainfall is the supply limit, whereas the unfil

l

ed por tion of  a gener alized surface storage, 

ΔS
smax

, is the capacity limit governing the partition and includes soil storage and small 

surface stores. We use a Budyko-like equation to smooth the transition from the supply 

limit to the capacity limit:



Water accounting is 
probably rather 
boring

But its very important

Later sessions delve into more details……..



Recent trends in water 
scarcity – by country to 
2010

• Clear patterns of increasing scarcity 
(reduced per capita water availability)

• Increasing water stress (use/available 
renewable water resources)

DRIVERS

Population growth

Economic development (energy demand, 
industry, rising food needs and changing 
preferences)

Climate change



Timeseries of Water Crowding Index
Animated plot, national values, 
Y= GBWS normalized by local population
X = water availability normalized by upstream population



Take-home messages from regional analysis

• GBWS (sufficient water for 
agriculture for domestic 
consumption) not an issue in 
Mekong Countries

• Water scarcity in Thailand occurs 
particularly central plains, 
uplands and floodplains. 

• Water scarcity is highly seasonal 
and there is a high variation 
year-to-year scarcity conditions

• Delta and floodplains are slowly 
getting into high scarcity 
category

• Uplands are particularly water 
stressed with high variability

• Coastal zone profile is different 
and less alarming than the 
plains, uplands and floodplains



PRIORITIES

DRIVERS

Food
Basic needs – Watsan, health
Energy
Wealth, standard of living

WATER QUALITY

POPULATION

CLIMATE/CLIMATE CHANGE

Degradation
Ecosystem restoration

Principles
Equity
Economic Efficiency
Environmental Sustainability

Between Sectors
Within Sectors

Politics
Law

AUGMENT
SHARE 
REBALANCE

POLICIES

RESOURCE 
ALLOCATION

RESOURCE 
NEEDS

Water allocation – what is it

IMPACTS

Trade-offs



Frameworks for water allocation and assessment 

socio-economic impacts of E-flows

Mukand S. Babel
Water Engineering and Management (WEM)

Centre for Water and Climate Adaptation (CWCA)
Asian Institute of Technology (AIT), Thailand

Water accounting in the GMS - Policy implications for water, food 

and energy security in a changing climate



Outlines

• Water allocation

• Integrated water allocation tool

• Socio-economic implications of E-flows

• Way forward

11

8
118



Water Allocation: Definition

In simple term, water allocation implies sharing of water among users

Why water allocation?

• Growth in water abstractions

• Basin ‘closure’ and lack of availability of more sites for water 
infrastructure

• Growth of change in economy leading to wider variety of water users 
with different water demands

• Decline of freshwater ecosystems and loss of river system functions

• Climate change

119



Water Allocation: Approach

12

0

Basin allocation planning should focus on 

• optimizing the use of existing supplies through significant 
economic, social and environmental analyses and 

• the assessment of tradeoffs between competing users

120



Objective Character Outcome

Social 

objectives

Equitable Provides for essential social needs

Clean drinking water

Water for sanitation

Food security

Economic 

objectives

Efficient Maximize economic value of production

Agricultural and industrial development

Power generation

Regional development

Local economies

Environmental 

objectives

Sustainable Maintain environmental quality

Maintain water quality

Support in-stream habitat and life

Aesthetic and natural values

Objectives of Water Allocation

Objectives conflict with one another !!!
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Integrated Water Allocation Model 
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Inputs

Reservoir characteristics, 
Inflow, Operating rules, etc.

AW

ROM

EAM

WAM Demand by Sectors

Allocated Water =

Normal Demand AW>total 

normal 
demand

?

AW<total 
minimum 
demand?

OF1 OF12
OF2

LP LPSICCON Technique

Allocated 
Water

Allocated 
Water

Allocated 
Water

Yes

Yes
No

No

OF1 =First Objective Function (Max of Satisfaction)

OF2 =Second Objective Function (Max of NER)

OF12=Max of Satisfaction and NER together

LP     =Linear Programming

= Module

Equity-based 
Allocation

Priority-based 
Allocation

Allocation 
Under Stress 

Condition

Priority- based 
on doctrines

Allocation based
on user-defined
priority

Single 
Priority

Multiple 
Priority

High 
Priority

Low 
Priority

12
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Conceptual framework
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• Three modules

• ROM (Reservoir Operation Module)

• EAM (Economic Analysis Module)

• WAM (Water Allocation Module)

• Two single objective functions and a multi-objective function

• Maximization of satisfaction

• Maximization of net economic return (NER)

• Combination of the above two

• Linear programming and multi-objective optimization

• Six conflicting sectors: agriculture, domestic, industry, hydropower, recreation and

environment

12

4

Tool features
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Single objectives

(i) To maximize the satisfaction of various water Sectors:

Maximize OF1=

(ii) To maximize the net economic return:

Maximize OF2=


=

n

i n

a

i

i

D

S

n 1

1



















=

max

1

*

*

NERAW

NERS
n

i

iai

Where,

Sai        = Water allocated to sector i

Dni = Normal or calculated water demand of sector i

n     = Number of water demand sectors 

NERi = Net economic return per unit volume of water (US$/m3)

AW = Available water

NERmax= Maximum net economic return among the concerning sector

Value: 0-1

Value: 0-1
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(iii) To maximize the Satisfaction and Net Economic Return (NER) together

Maximize OF12= w1*OF1 + w2*OF2 - [ -
12+ +

12]

Where,

W1 and W2= Weight given to OF1 And OF2 respectively

+
12 = Positive deviation from the “supposed to be zero value" of the

compromise constraint developed between objectives OF1 and OF2

 -
12= Negative deviation from the “supposed to be zero value" of the

compromise constraint developed between objectives OF1 and OF2

Value: 0-1

Multi-objective
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(i) Availability constraint:

(ii) Demand constraints:

(iii) Supply constraints:

(iv) Non-negativity constraints:

(V) Compromise constraint:

AWS
n

i

ai
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Constraints

127



Z1 X1*

Z2 X2*

Z3 X2*

Zk Xk*

Compromise 
Solution

X**

SICCON = Simultaneous Compromise Constraint

Operation of SICCON technique
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▪ Varying Minimum Water Requirement by Each Sector

▪ Varying Weights Given to Two Objectives

▪ When Equal Preference is Given to All Sectors

▪ Priority or Preference is Given to a Single Sector

▪ Equal and First Preference is Given to Multiple Sectors

Assessment of model suitability
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ROM
Monthly inflow to the reservoir

Reservoir characteristics including operating rules

Rainfall, evaporation and percolation

Installed capacity, tail water level

Monthly demand by demand sectors

EAM
Data related to the estimation of NER

WAM
Normal and minimum water demand by sectors

Available water (AW)

Specified priority of allocation

NER (if OF2 or OF12 is considered) 

weights to be given to OF1 and OF2 (if OF12) is considered

Data requirements
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Minimum demand (Dmi) by the sectors varying from 0 to 
20% of the normal demand (Dni)

Results
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Objective Function OF1 OF2 OF12

NER (US$) 2,113,843 8,133,377 6,966,834

As expected, the total economic benefit with compromise solution lies 

in between the two single objectives

Economic returns
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Conclusions

◼ IWAM is a user-friendly tool for conflict resolution and capable of 
allocating water among sectors with the objective of

◼ Either maximizing satisfaction

◼ Or, maximizing NER

◼ Or, maximizing both satisfaction and NER

◼ Applicability is demonstrated with an example

◼ Analyzes various water allocation problems in water scarce areas

◼ Useful to water managers and decision-makers in allocating water 
among user sectors
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Case study 

Socio-economic implications of E-flows 
to In- and Off-stream Water Users: A case of Teesta River, Bangladesh

14

1
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Percentage of mean annual runoff (% MAR) abstracted against cumulative benefits to society and the

IWRM goal to maximize benefits as a societal choice (Overton et al. 2014 from Moore and Forslund 2008).

E-flows: Benefits and Tradeoffs

142



• To assess the tradeoff while allocating the available flow 
among the competing off- and in-stream demands using an 
optimization model 

• Marginal value of sectoral water use is applied as the 
allocation criterion

Objectives

Socio-economic implications of E-flows: Teesta River  

14
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Conceptual framework for optimum water allocation

TB: total benefit; 

MB: marginal benefit

(Mullick, Babel, Perret, 2009)
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• Teesta: 4th main river in BD

• Originated in Sikkim, India

• Enters BD at Chatnai, Nilphamari district

• Length around 113 km in BD

• Draining to the Jamuna

• High seasonal flow variability

• Main source of water for drought-prone 

NW of BD

• Flow regulated since 1987 when India 

constructed a barrage

• BD constructed another barrage in 1990 

to supply irrigation water to  Teesta 

Irrigation Project (TIP)

Teesta River in Bangladesh

Socio-economic implications of E-flows: Teesta River  
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• The river supplies water to TIP
• Irrigated area 111,732 ha; right side of Teesta, only one diversion 

point

• Monsoon rainfall, >90% in May to Oct, Irrigation required for Nov 
to Apr

• No return flow to Teesta

• In-stream uses are 
• Capture fishery 

• Small scale navigation

• In-stream uses are livelihoods for a large part of riparian 
poor

Water uses in the Teesta

Socio-economic implications of E-flows: Teesta River  
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Flow above the Teesta Barrage

WRM for Teesta

• Drastic flow reduction in the 

Teesta observed 

• Alarming situation for both 

agriculture and in-stream users

• In-stream water requirements 

set forth in different 

management plans based on 

crude judgment only

• Therefore, water allocation 

between off- and in-stream uses 
is a critically important issue

14

7

Socio-economic implications of E-flows: Teesta River  

147



• A hydro-economic modeling approach

• Three module: economic, hydrologic and optimization

• Economic module establishes MB function for water uses

• Model schematized as a node-link network

• Nodes represent the demand sites and links represent the linkage between river 

reaches for hydrologic simulation

• Flow balances are calculated for each node at each time period

• Consumer surplus of each water use maximized in the optimization 

module from the pre-established MB functions 

• Monthly EF requirements are estimated using IHA software and 

considered as constraint

Methods

Socio-economic implications of E-flows: Teesta River  
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In-stream 
demand site 

CS

MB

MB function

Flow
x

Optimization of CS →
objective function

Methodology

Socio-economic implications of E-flows: Teesta River  
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• Establishes the relationship between stream flow and net economic 

benefit from each water-use

• A quadratic relationship with respect to stream flow is considered as the 

total benefit (TB) function for river water use

• TB function metaphors a production function

• The first order derivative of the TB function with respect to flow gives 

the marginal benefit (MB) function

2
210 iiu flow*flow*TB  ++=

Economic module

Socio-economic implications of E-flows: Teesta River  

TBu is the total benefit of any sectoral water use at a flow level i, β0 is the constant, β1, β2 are the 

coefficients; “flow” indicates mean monthly stream flow (m3s-1) 150



• First estimated IWR for rice using water balance approach

• CROPWAT 4.3 for other dry season crops

• Irrigation water benefit is estimated by residual imputation method

• A water-crop production-function is used to establish the TB function 

• estimating the crop yield in relation with varying level of assumed water 

shortage

 +=
i

wwii QVMPQVMPTVP **

Estimating TB & MB for irrigation

Socio-economic implications of E-flows: Teesta River  

TVP is the total value of the commodity produced; VMPi is the value of marginal product of input i; 

Qi indicates the quantity of input, i used in production; w for irrigation water
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• The concept of flow-habitat-fish production relation employed for 

valuing water for fishery in the Teesta

• Individual fishermen income data obtained from primary survey 

provided the basis to form TB

• Value of the fish production is considered equal to fishermen income 

for a certain time period

• The boatmen income is considered as the gross benefit from 

navigation

• Only short-run benefit is estimated, operating cost is considered 

negligible

Estimating TB & MB for instream uses

Socio-economic implications of E-flows: Teesta River  
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• Hydrologic module is embedded with optimization module with the flow balance at 
each node in the river network

• Objective function for optimization module

• Where CS is the consumer surplus, o_s and i_s represent respectively the summation of the 
spatially distributed all off-stream (m) and in-stream (n) use sectors

• The optimization is subjected to hydrological, and EF requirement constraints

ttt,s/ut,s/d QwithdrawalFlowFlow +−=

( )+=

+=

+navfishirr

n
s_i

m
s_o

CSCS                 

CSCSObj_Max

Hydrologic and optimization module

Socio-economic implications of E-flows: Teesta River  

153



• “AQUARIUS” used to solve optimal water allocation problem

• Considers temporal and spatial allocation of flows among in- and off-
stream water uses in a river basin 

• Aquarius considers the economic efficiency criterion i.e. reallocating 
of stream flows until the net marginal returns in all water uses are 
equal

• Optimization problem is solved using sequential quadratic 
programming (SQP)

Solution of the optimization problem

Socio-economic implications of E-flows: Teesta River  
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• Max water requirement 1890 mm ≈ 136 m3/s

• Max benefit 587 million Tk per month

• The TB function

MB = -0.0292*flow  + 8.1327
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• Respondents identified 3 seasons/year while answering the questions 

related to income:

• Dry or low flow (Dec to Mar),

• Wet or high flow (Jun to Sep) and 

• Intermediate flow season (Apr, May, Oct and Nov)

• Average daily income in a season of an individual is considered 

uniform over the entire season

• For boatmen

• Highest income in high flow season and the lowest in the dry season

• For fishermen 

• Dry season is favorable and wet season is not favorable

Estimating TB & MB for in-stream water use

15

6

Socio-economic implications of E-flows: Teesta River  
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TB & MB function for 

instream fishery

TB & MB for navigation

Benefit function of instream water uses

Socio-economic implications of E-flows: Teesta River  
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Total Irri

supply (mm)

Irri benefit 

(106 US$)

Instream 

benefit (106

US$)

Total benefit 

(106 US$)

Without 

EF

1,637 43.242 0.588 43.830

With EF 1,325 

(↓19%)

33.893

(↓ 22%)

0.690

(↑ 17%) 

34.583

(↓ 21%)

0
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Low RVA boundary

Not meeting EF

Flow at downstream of Teesta

Benefits obtained in water allocation without and with provision of EF

Benefit from water allocation & Tradeoff

Socio-economic implications of E-flows: Teesta River  
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• Off-stream benefits observed considerably higher than in-stream 

benefits for Teesta case; however,

• In-stream flow is critically important for local and regional socio-economy

• In-stream flow provides livelihood to 1,000 people without requiring massive capital 

investment nor O&M cost

• In contrary irrigation project needs massive investment and O&M cost

• Even allowing minimum EF helps sustaining livelihood of local people, which 

eventually leads to pro-poor water management

• Cost of water allocation with environmental or river health protection is 

about 9.25 million US$ annually

• However, indirect and non-uses benefits of in-stream water have not been 

accounted

Discussion and Conclusion

16

0

Socio-economic implications of E-flows: Teesta River  
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• Arguing for e-flow as in-stream is in fact indicative of the resistance to allow water 

for in-stream uses. Consequently, 

• River ecosystems struggle with low flow and ultimately decline, which subsequently affects both 

the poor’s livelihood and the environment

• TIP provides livelihood to around 0.3 million farmers which indicates per capita 

income of 0.4 $ daily whereas per capita per day income of in-stream (direct) users 

is 1.61 $

• Such figures will help realizing the actual value of water for each use and subsequently 

guarantee river flow for all uses

• Indirect benefits usually drawn from EF (biodiversity value, socio-cultural value, 

river ecosystem services etc.) are not considered

• Those may generate high benefits to society and change drastically the diagnosis on EF socio-

economic scope, magnitude and impact

Discussion and Conclusion

16
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• Environmental flows must have clear objectives and scenarios built on multi-

stakeholder consensus

• The success or failure to mainstream environmental flows in water 

management will depend on whether it has a place in national legislation

• Establishing adaptive management, based on a ‘learning by doing’ approach 

is a critical aspect of environmental flows

• Environmental flows will only ensure a healthy river if they are part of a 

broader package of measures on a river basin scale

• A pilot study may be taken up for data collection and field work to assess the 

socio-economic impacts/benefits

Way forward

16

2
162



Session 2: Water accounting to lay foundation for 

managing water security 

Water accounting in the 3S and 4P Basins

Dr Srinivasan Ancha

Principal Climate Change Specialist, Southeast Asia Regional Department (SERD), ADB



Dr P Somasekhar Rao

Director (Technical)

Water accounting in the GMS - Policy 

implications for water, food and energy 

security in a changing climate

“Water Accounting in Karnataka, India”

- Pathway to Water Secure future

Advanced Centre for 

Integrated Water Resources Management (ACIWRM) 

Water Resources Department, Government of Karnataka

4th July 2023



India –

Overlaid with 

Krishna Basin 

Map



Karnataka – Overview Water Resources

Seven (7) major 

basins 

and 

Divided into several 

sub-basins





• ADB supported program – KISWRMIP – 2014

• Partnership with IHE, Delft, The Netherlands – 2016

• Introduction workshop on Water Accounting & RS tools - 2017

• Capacity Building of WRD Engineers by IHE faculty

 – 2017 / 2018 / 2019

• Water Accounting of Tungabhadra sub-basin  - 2018

• Creation of ET maps for Karnataka State for 2000 – 2014 (15 yrs) 
– first time ever

• Water Accounting of other sub-basins (K2, K3 & K4) in Krishna 
sub-basin in Karnataka State – 2019 / 2020

Water Accounting & Remote Sensing Tools 

– Karnataka’s Journey



• First on pilot basis the Water Accounts were 
done for Tungabhadra (K-8) sub-basin of 
Krishna basin

• Then further developed Water Accounts for 
three river sub-basins in Karnataka – Middle 
Krishna (K2), Ghataprabha (K3) and Malaprabha
(K4) sub-basins 

– all part of the larger Krishna basin in India

Water Accounting +: 4 sub-basins assessed in Karnataka, India



Water Accounting +  4 Sub-basins – Karnataka’s Journey



✓ Ambitious economic growth models – water intensive

✓ Ever increasing demand for energy, food & urban agglomerates

✓ Increase in frequency of floods & droughts – low resilience

✓ Shrinking aquifer storages due to over dependance on groundwater 

✓ Distorted river flow regimes 

✓ Altered/reduced groundwater recharge – change in land use

EMERGING CHALLENGES - WATER RESOURCES
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Average (30 years) Annual Rainfall(1991-2021)
Rainfall 

in mm

Area 

in Sq.km 

Area 

in %

Cumulative 

%

>2000 27,629 14.41

18.831500-2000 4,497 2.35

1200-1500 3,995 2.08

1000-1200 4,977 2.60
14.00

800-1000 21,839 11.39

700-800 29,581 15.43

67.17
600-700 29,365 15.32

500-600 47,798 24.93

<500 22,055 11.50

Total 1,91,741 

Average rainfall of 750 mm heightens the susceptibility to drought; 

In Karnataka 67% area falls in this category
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How much is the water use? 

Which sector is consuming how much?

Demand v.s. Supply

Consumptive 

Non-consumptive use

Rainfed agriculture

Hydropower

Char coal

ecosystem

fisheries

Livestock

Recreation

irrigation

Water Security –

Key for Food and 

Economic security



Significance of Tungabhadra Basin in Karnataka

State

Tungabhadra

The average per capita income is Rs. 61,756 /- (as per constant prices 2019-20)

2023/7/6 174

Geographical Area Population Milk Production Food Production GSDP Contribution

30%
23% 20%

37%

17%

70%
77% 80%

63%

83%
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Karnataka – moving towards River Basin Planning

ACIWRM has completed a number of activities related to the 

preparation of the River Basin Plans:

• River Basin Profile of each Sub-basin – an Inventory of basins;

• Studies to Enhance River Basin Profile; 

- Water Quality, River Health

• Economic Analysis of River Sub-basin;

• Water Accounting+ and Water Use Productivity Studies;

• River Basin Modeling; Climate Change Modelling scenarios

• River Basin Planning & River Basin Governance



WA+ Key components  in water accounts

Rainfall Evapotranspiration Biomass

Soil Moisture Water Levels Groundwater

Rainfall, GPM: NASA Goddard Space Flight Center from Greenbelt, MD, USA [Public domain]

Evapotranspiration, and biomass WaPOR: FAO, IHE-Delft.WaPOR quality assessement

Soil Moisture, SMAP: NASA/JPL-Caltech/GFSC. https://www.jpl.nasa.gov/spaceimages/details.php?id=PIA18057

https://www.jpl.nasa.gov/spaceimages/details.php?id=PIA18057


Major Rivers of the Tungabhadra basin

River Name Rainfall in mm Annual Avg Flow 
TMC

CA 
(Sq. Km)

Runoff 
(Depth, 

m)

Bhadra River
1400 62.04 3,421 0.513

Tunga River 3130 196.51 2,974 1.870

Tungabhadra 
River

660 310.00 27,447 0.320

Varda River 1320 73.22 5,264 0.394

Vedavati River
590 25.70 18,442 0.039

1420 667.47 57,548 0.63
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WA+ in Karnataka: K2, K3 and K4 basins



Inflow
0.6 km3/yr
21.9 TMC/yr

Annual Average Water Balance K3 2010/2011 – 2017/2018

Total ET
4.5 km3/yr
158.92 TMC/yr

Rainfall ET Incremental ET

Outflow
1.2 km3/yr
42.38 TMC/yr

P
4.6 km3/yr
162.45 TMC/yr

Available      2.1 km3/yr
74.16 TMC/yr

Utilized flow   0.9 km3/yr
31.78 TMC /yr

K3 6833 km2

Storage Change
0.5 km3/yr



WATERACCOUNTING
studies on yield assessment

Surface Water Flow for Middle Krishna Sub-basin (2010-

2018)

KM^3 TMC

Inflow from K1 14.80 522.66

Inflow from K3 1.20 42.38

Inflow from K4 0.60 21.19

Inflow from Doni 0.00 0.00

Outflow to K5 0.50 17.66

Outflow 11.30 399.06

180

Surface Flow Values are expressed in Km^3/ year as  

average of the simulated period (2010 - 2018)



Resource base : TMC/Year



• We have analysed three basins (K2, K3, K4) using RS data in a 8 year period 
2010-2011 → 2017-2018

• The three basins are highly modified by human activity (agriculture)

• Monsoon climate and high spatial variability of rainfall 

• The upstream areas generate most of the runoff while agriculture and reservoirs 
are net consumers

• P-ET is negative in K2 and positive in K3 and K4 

→ K3 and K4 generate water, part of which is then consumed in K2

CONCLUSIONS AND RECOMMENDATIONS from WA+



• The three basins are highly dependent on upstream flows (72% of 
the available water resources in K2). Evaluation of scenarios where 
inflows are reduced should be tested.

• There is a strong seasonal variability due to the monsoon climate. 

The storage change (both surface and groundwater) 

should be carefully monitored at monthly/seasonal scale.

• The amount of non-beneficial water consumption is high in all basins 

(up to 70% of the total ET) → unproductive soil evaporation.

Measures limiting soil evaporation should be considered.

CONCLUSIONS AND RECOMMENDATIONS from WA+



Cauvery Basin – WA+ Study

The WA+ team
CWC, CGWB, NIH, 

NRSC

The WA+ team
CWC, CGWB, NIH, 

NRSC



Rainfall ET 

(53.6 km3)
Incremental 

ET (23.5 km3)

Inflow 

(82.6 km3)
Outflow 

(4.4 km3)

Storage 

change

(1.1 

km3)
✓ Dry year outflow

(0 km3)

✓ Wet year outflow

(7.9 km3)

Total ET 

(77.1 km3)

Exploitable: 27.9 km3

Available: 27.2 km3

Utilized: 

25.8 km3

Utilizable: 1.4 km3

Cauvery Basin

Annual Average Water Balance



• Determine the impact of climate change on the blue water resources in 
general (diminished surface water and groundwater stocks)

• Computation of the water yield generated from within Karnataka that can be
allocated to expand irrigation systems (and for water allocation plans in 
general)

• Monitoring impact of drought on agricultural production

• Estimating amount of extra local water storage (small scale waterharvesting) 
needed to mitigate water shortage in dry and wet season

• Improved water governance

• Assess environmental flow requirements for maintenance of wetlands

• Definitions of maximum allowable groundwater abstraction using spatial 
information on groundwater recharge

How can WA+ be used for water resources policy making ? 



New State Water Policy 2022

Key Elements :

❖ Need to increase Water Use Efficiency / 

Productivity

❖ Need to focus on improving Water Quality

❖ Good data base required for better MOM of  

Water Resources

❖ Adoption of IWRM approaches

❖ Conserve, value and judicious usage of water 

at individual level

187



• Understanding ET (Evapotranspiration) across various 
places (spatially) in the basin will provide new insights 
for better water resources management

• ET is the next important component to Rainfall in water 
cycle

• Availability of water in local areas across basin can be 
easily identified

• Inter-sectoral competion of water resources in a basin 
can be addressed with WA+ results

• On-farm water management can be facilitated better 

• Outflows of the basin including groundwater can be 
better understood in real time and past years

Water Accounting – Support for Water Resources Management       ….. 1/2



• Computation of the water yield generated from within Karnataka 
that can be allocated to expand irrigation systems (and for water 
allocation plans in general)

• Estimating amount of extra local water storage (small scale 
waterharvesting) needed to mitigate water shortage in dry and 
wet season

• Determine the impact of climate change on the blue water 
resources in general (diminished surface water and groundwater 
stocks) Improved water governance 

• Monitoring impact of drought on agricultural production

• Assess environmental flow requirements for maintenance of flora 
/ fauna 

• Definitions of maximum allowable groundwater abstraction using 
spatial information on groundwater recharge

Water Accounting – Support for Water Resources Management    ….. 2/2



• Need to build more capacity within WRD to use open source 
satellite data & Water Accounting tools

• Setup a dedicated team of WRD staff (within ACIWRM?) to prepare 
water accounts for each sub-basin, every year

• Facilitate capacity development in the private sector – to enable 
various departments/agencies to use the tools

• Prepare better communication products (about use of WA+ results) 
to the policy level and practicing engineers in the field

• Create capacity in every Chief Engineer (Zone) office for all large 
projects / sub-basins

Water Accounting & Remote Sensing Tools – Future



Karnataka  Water  Security Index
No Key Dimension Scores

1 Key Dimension 1 - Household Water Security 6.7

2 Key Dimension 2 - Economic water security 9.0

3 Key Dimension 3 - Urban water security 11.25

4 Key Dimension 4 - Environmental water security 17.3

5 Key Dimension 5 - Resilience to water-related disasters 5.25

WS Score for Karnataka 49.5

Asian Water 

Development 

Outlook 

(AWDO) 

methodology
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ADVANCED CENTRE FOR INTEGRATED WATER 

RESOURCES MANAGEMENT 

• a think tank to the Government on Water Resources 

• engaged in policy analysis, policy research, develop 
knowledge base within the state

• integrate various outputs and the results fed into the policy 
and working of the WRD 

• also serve as a platform for coordination among main 
departments, NGOs, private sector firms, water user 
associations and other organizations dealing with the water 
sector 



Thank You



Session 2: Water accounting to lay foundation for 

managing water security 

The WA+ framework

Mansoor Leh

Researcher Spatial Hydrology, International Water Management Institute (IWMI)



The WA+ Framework

Mansoor Leh

Researcher

Water Accounting in the GMS- Policy 
implications for water, food, and energy 
security in a changing climate

July 4-5, Bangkok, Thailand



Water accounting

A system that provides a clear view of water resources in a river 
basin; it shows where water is going, how it’s being used, and how 
much remains available for further use (IWMI).

Other definitions:

• A systematic study of the current status and future trends in water supply, demand, 
accessibility and use within a specified spatial domain (FAO)

• A process of communicating water resources related information and the services 
generated from consumptive use in a geographical domain, such as a river basin, a 
country or a land use class; to users such as policy makers, water authorities, managers 
(FAO, IWMI, IHE, UN)

• A systematic process of identifying, recognising, quantifying, reporting, and assuring: 
information about water; the rights and other claims to that water, and the obligations 
against that water (Aus Gov)



Water accounting as a discipline is not 
new!! 

More accurate water accounting aids a 
stronger dialogue about water

Independent 
Assessment

International 
standard 

Scientifically
sound

Water Accounting Approach

•  Only the approach is 
different

Nilometer, Egypt
Built in 715 AD. 



The Water Accounting Plus (WA+) 
framework:

Water Accounting+ can 
provide a basic 

understanding of 
a basin’s water 

accounts and establish a 
baseline.

WA+ produces organized results, 
categorized into: Resource Base, 
Evapotranspiration, Agricultural 

Services, Utilized Flow, Surface Water, 
Groundwater, Ecosystem Services, & 

Sustainability.

Limited data? No problem!
WA+ relies largely on remote 
sensing imagery, making it a 

feasible tool for data scarce basins 
and a reliable source for 
transboundary waters.

Using open-source code 
(meaning anyone can 

access it!), WA+ uses pre-
written code to analyze the 

remote sensing data. 

WA+ outputs can be 
used to ignite well-

informed, transparent 
discussions on water 

resource issues.



The Water Accounting Plus (WA+) 
framework:

Flow accounting

• Actual flows, deliveries, and 
abstractions

• Tracks “Blue water”

Depletion accounting

• Water consumed by the 
landscape

• Tracks “Green water”

WA Method SEEA-W AQUASTAT AWAS IWMI ICID WA+

Type Flow Accounting Depletion Accounting Both



WA+ Applications

WA+ outputs can be used to develop many applications for 
integrated water resources management (IWMR).

For example, 
1. Accounting for water use in large-scale greenhouse operation in Morocco
2. Sustainable scaling of solar irrigation in Mali
3. Sustainable Rural Infrastructure and Watershed Management in Lao PDR
4. Integrating WA+ with other hydrologic models (SWAT), Mekong 

IWRM
Continuous 
monitoring 

and 
evaluation

Climate 
impact

Recommend 
future 

development 
activities

Water 
accounting 
indicators



1. Accounting for large-scale 
greenhouse water use in Morocco

• Green House (GH) agricultural 
production is wide-spread (~180 
km2) in the Souss-Massa Basin in 
Morocco. 

• Unmetered extraction of 
groundwater for GH is common 
which have led to decline in GW 
levels in the region.

• One of the objectives of the study 
was to quantify GH water use. 



1. Accounting for large-scale 
greenhouse water use in Morocco
• 300 Mm3 per year of managed water use;  200 

Mm3 per year of green house water use.

• ~67% of the managed water use is from green 
houses in the Souss Massa basin, Morocco. 

• There is 370 Mm3 of utilizable flow that is 
available and leaving the basin every year. 

• So if managed properly, surface water can 
contribute to the GH water use and reduce the 
dependency on groundwater resources. 



2. Integrated Modeling for Scaling 
Agricultural Production in Mali

• How much water is available for scaling 
agricultural production using solar irrigation in 
Mali?

• Small-scale agricultural practices consume less 
water but collectively this can add up to 
significant water withdrawals. 

• Do we have enough water for agricultural 
expansion?

• Can we identify limits of water extraction using 
WA+ modeling results?



2. Integrated Modeling for Scaling 
Agricultural Production in Mali

Limits on scaling
Wet season (SW) – 145,000 ha

Dry season (SW+GW) – 80,000 ha

(wet-season)

(dry-season)



3. Sustainable Rural Infrastructure and 
Watershed Management in Lao PDR
• Support the GOL National Economic 

and Social Development Plan goal of 
achieving Sustainable and Inclusive 
rural development 

• Increase Irrigated area -farmers with 
increased income from high value crops 
and livestock 

• land use management within PRI 

• upgrade infrastructure to be climate 
resilient, efficient for sustainable 
operation and maintenance 



3. Sustainable Rural Infrastructure and 
Watershed Management in Lao PDR
• Each of the watersheds are highly 

sensitive to changing climate 
conditions

• intense rainy season, the watersheds 
may be susceptible to abrupt changes 
in hydrologic regime

• there is a scarcity of water during the 
dry season and with an intense dry 
season under climate change, water 
shortages may be exacerbated

• Need for managing dry season flows



4. Integrating WA+ with other models: 
MRC Decision Support Framework (DSF) and 
WA+ for Water Use Monitoring System



WA+ data visualization

WA data on IWMI website

Project 
summary Reports Publications

sheets



WA+ data visualization

WebApps using ESRI technology

Web apps - A Web application (Web app) 
is an application program that is stored on 
a remote server and delivered over the 
Internet through a browser interface.

Example: Upper Niger Basin seasonal water balance

WebApp

Enables users to retrieve information
from the maps

https://africageoportal.maps.arcgis.com/apps/instant/media/index.html?appid=67770b5f5dab4c63ac580e02b3d78093


WA+ data visualization

Story maps using ESRI technology

Story Map – is a web-based application 
that allows share maps in the context of a 
narrative text and other multi-media 
content. 

Story Map

Helps to support a narrative 
using interactive maps and figures

Volta basin water accounting

https://storymaps.arcgis.com/stories/9dd80b5881eb43c49af750ca08f6e277


WA+ data visualization

Dashboards

Helps to support a narrative 
using interactive maps and figures

Water Accounting dashboard (work in progress)Tableau based

https://public.tableau.com/app/profile/iwmi.wa/viz/IWMI_SoussMassa_Dashboard_16842204452620/Landing


Multi-scale water accounting

Continental 
(CWA+)

Continental Water 
Accounting (CWA+)

Basin (WA+)

Sub-basin (WA+)
White Volta, Oti

Volta, Lake Tana, Rift Valley Lakes

2020-2021

2022-2023

Time Period: 2000-2020
Resolution: 250 m to 1 km
Pixels: ~8 million

Time Period: 2000-2020
Resolution: 250 m
Pixels: ~2 million

Time Period: 2000-2020
Resolution: 1 km
Pixels: ~30 million

2022
Mekong

Upper Mekong, Mid-Mekong, Lower Mekong, 3S 

Africa
SE Asia…



Motivation for Continental WA+ 
(CWA+)

websitesNational Database Cloud Reports Publications

Data is scattered Different methods, Different formats, Different scales Data is mostly lumped

Conventional Basin water 
accounting 

WA+ approach 

Rapid WA+ → 6 months
WA+ → 1 year
More $$$$$

River basin approach
1-km data

Continental water accounting 

CWA+ approach

WA+ → 1-2 months
Less $$

Boundary WA approach
(Continent, Country, County and Catchment)

1-km data

Online Water Accounting (OWA+)

CWA+ approach

WA+ → On the fly
Free

Boundary WA approach
(Country or River basin level)

1km data

Current status By the end of 2023 Near Future



CWA+  Catchment > Country > County 
(3C) Rapid water accounts

Boundary Data 
Extractor

#4 ROSE - Rapid 
Optimized Sheet1 
Extractor (ROSE)

Water Indicators
1. Resource base 
2. ET sheet

3C water accounts
Dissemination and reporting

Inlet/Outlet 
discharge

#1 New Python module: BDE module

#3 New Python module: ODE#2 New Python module: DDE



Questions or comments
m.leh@cgiar.org

Thank you!

mailto:m.leh@cgiar.org


Session 2: Water accounting to lay foundation for 

managing water security 

Panel 2: Water accounting frameworks in the GMS

with Virak Chan (World Bank), Mansoor Leh (IWMI), Hugh Turral (FAO), Dr Somasekhar

Rao Polisetti (ACIWRM), and Geoffrey Wilson (ADB)



Panel 2
Q1 & Q2

1. What are the priorities in developing water accounting 
at national scale within the GMS, and within the boundaries of 
the relevant river basins? 
a. How are they different – between the parts within any given 

basin and outside it? 

b. How are they different between the countries? 

c. Who are the key users and what will be the main policy and 
management questions to be addressed?

2. How does the NEXUS (food, water, environment and energy) play 
out in each country with regard to future water demand, water 
availability, climate impacts? 
a. What are the 5 most important challenges, and how does 

water accounting help in managing them?



Panel 2
Q3 and Q4 

1. In light of questions 1 and 2, is water accounting useful at river 
basin scale in the Mekong? 
a. What are the main challenges and purposes that water 

accounting can help manage and address?

2. What steps can be taken to operationalise basin scale water 
accounting for coordinated water management between the 
riparian countries? 
a. How can national water accounting be integrated with a river 

basin perspective? 

b. Can this be done in a technical and generic policy-focused 
way that can inform and support integrated and sustainable 
management? 

c. What steps are feasible?



Session 2: Water accounting to lay foundation for 

managing water security 

Break-out group discussion - Identifying sector benefits

Considering increasing water security risks, how would a regional water accounting 

framework help your sectors (water/environment, food, and energy)? 



End of day 1
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