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This Methodology and Data report is part of the Asian Water Development Outlook (AWDO) 2020 
publication series. This AWDO 2020 series consist of the following publications: 

Asian Water Development Outlook 2020: Advancing Water Security 
across Asia and the Pacific 

This report presents: the stage of water security in Asia and the Pacific 
through five key dimensions (KDs); the governance and finance situation 
and needs in the region related to water security; and policy 
recommendations to increase water security in the region. 
Published in December 2020. 

Organisation for Economic Co-operation and Development 
Reports on Governance and Finance 

These two Organisation for Economic Co-operation and 
Development (OECD) reports provide details on the 
governance and finance situation in the region and 
recommendations for improvement: 

- Water Governance in Asia-Pacific – OECD Policy Paper; 
published in November 2020. 

- Financing Water Security for Sustainable Growth in 
Asia and the Pacific – OECD Environment Working Paper; published in 2021. 

Asian Water Development Outlook 2020: Description of Methodology and Data 
This report describes the methodology behind the AWDO 2020 approach and the five KDs. It 
gives an overview of the indicators used, underlying assumptions, and data sources. As such, it 
provides a summary of the Key Dimension Reports. This report includes the scores for all 
indicators for all Asian Development Bank members—for AWDO 2020, as well as for AWDO 
2013 and AWDO 2016—using the AWDO 2020 methodology. 

Key Dimension Reports 
For each of the 5 KDs, reports are available that detail: the methodology applied, the data used, 
the results (for 2020 as well as for 2013 and 2016), additional analyses carried out on their KD, 
policy recommendations, and recommendations on how to further develop the methodology in 
the next AWDO. 

Note: This report was prepared based on information available as of 31 December 2020. 
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1 Introduction	
 
This document provides background information on the applied methodology and underlying data of 
the Asian Water Development Outlook (AWDO) 2020. Its purpose is to document the methodology 
and data used and to provide the background to the AWDO 2020 results. This methodology report is 
a supporting document for AWDO 2020, which presents the results and policy recommendations.1 
This report was prepared based on information available as of 31 December 2020. 
 
The methodology used for AWDO 2020 is based on that used for AWDO 2016 but has been further 
developed using experience gained in AWDO 2013 and AWDO 2016. AWDO is developed by reputed 
scientific institutes and has been subject to quality control standards for the approach followed, 
assumptions made, and data used. Where reliable data were lacking, expert opinions were used to 
determine the scores. As much as possible, generally accessible and maintained databases—from 
the United Nations (UN), World Bank, Asian Development Bank (ADB), and universities—were used.  
 
AWDO integrates the many dimensions of water security and applies them at a national scale. 
Where needed, simplifying assumptions had to be made to process the statistical data into relevant 
scores. These assumptions can be challenged. Questions can also be asked about the validity of the 
country-level results, given that there are considerable differences among regions. These questions 
are founded. Still, ADB is confident the results make sense and indicate where progress on water 
security has been and can be made by each country. The results enable comparisons between 
countries and regions. Given the uncertainties involved, however, no absolute value should be given 
to the actual scores. The scores can be at least 10% higher or lower than what is presented in AWDO 
2020. However, this will not change the overall findings presented by AWDO 2020.  
 
The structure of this document is as follows. Chapter 2 gives the background to, and underlying 
vision of, the AWDO approach. This chapter also provides an overview of the methodological 
approach and how ADB dealt with missing data. The subsequent five chapters (Chapters 3–7) 
describe the approach for the five key dimensions (KDs) of AWDO. For each KD, the overall 
assessment framework for the specific KD is described, followed by a description of the indicators 
(including data used, changes compared to AWDO 2016, and missing data). Chapter 8 describes how 
the national water security (NWS) scores as well as the National Water Security Index (NWSI) are 
determined. In Chapter 9 the impacts are described of the methodological changes of AWDO 2020 
on the scores as published in the previous AWDO’s of 2013 and 2016. Chapter 10 describes the 
impacts of the assumptions made on the bandings of the KDs and NWS on the stages of 
development of the ADB members. Finally, Chapter 11 gives a general assessment of the approach 
and recommendations on how to continue the AWDO process. Additional information is provided in 
the appendixes. In particular, Appendix 3 is important as it contains the underlying data and 
provides a comparison with AWDO 2013 and AWDO 2016.  
 
Chapters 3–7 provide a compilation of the reports written by the KD teams for AWDO 2020. For 
more detailed information on the five KDs, reference is made to the KD reports. 

 
1 Asian Development Bank (ADB). 2020. Asian Water Development Outlook 2020: Advancing Water Security 

across Asia and the Pacific. Manila. 
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2 Methodological	Approach	AWDO	

 

2.1 Defining	Water	Security	
The meaning of the term “water security” has developed over the past 30 years. While in the 1990s 
the term was mostly used to express a general vision, it has increasingly been used to make explicit 
the desired goals to achieve through improved water management. This requires definitions of what 
water security is and how we can measure it. An overview of these developments and use of water 
security in water management is given in van Beek and Lincklaen Arriens.2 The following definitions 
are the most comprehensive and most referenced: 
 

• “The reliable availability of an acceptable quantity and quality of water for production, 
livelihoods and health, coupled with an acceptable level of risk to society of unpredictable 
water-related impacts.”3 

• “The capacity of a population to safeguard sustainable access to adequate quantities of 
acceptable quality water for sustaining livelihoods, human well-being, and socio-economic 
development, for ensuring protection against water-borne pollution and water-related 
disasters, and for preserving ecosystems in a climate of peace and political stability.”4 

The AWDO approach to water security in five KDs is defined as follows in AWDO 2020: 

• “The availability of an adequate quantity and quality of water to ensure safe, affordable, 
equitable, and inclusive water supply and sanitation, together with sustainable livelihoods 
and healthy ecosystems and manageable water-related risks” (footnote 1). 

 

2.2 AWDO’s	Vision	on	Water	Security	
In developing AWDO in 2013, the following shared vision of water security was formulated: 
 

 
 
 
 

 
2 E. van Beek and W. Lincklaen Arriens. 2014. Water Security: Putting the Concept into Practice. TEC Background 
Papers, No. 20. Stockholm: Global Water Partnership Technical Committee. 
3 D. Grey and C.W. Sadoff. 2007. Sink or Swim? Water Security for Growth and Development. Water Policy. 9 (6). 
pp. 545–571. 
4 United Nations University. 2013. Water Security & the Global Water Agenda: A UN-Water Analytical Brief. 
Ontario: United Nations Institute for Water, Environment and Health. 

Societies can enjoy water security when they successfully manage their water resources and 
services to: 

1. satisfy household water and sanitation needs in communities; 
2. support productive economies in agriculture, industry, and energy; 
3. develop vibrant, liveable cities and towns; 
4. restore healthy rivers and ecosystems; and 
5. protect communities against water-related disasters and make them resilient to they can 

adapt to change. 



 

 
 

3 

To quantify this water security vision, a water security framework with five interdependent KDs— 
which follow the five conditions agreed upon in the vision—was developed in 2013. This framework 
remains the background for the five KDs in AWDO 2020. However, AWDO 2020 redefined the 
conditions, with the first condition on household water and sanitation split between KD1 for rural 
communities and KD3 for urban communities. The KDs for AWDO 2020 are illustrated in  Figure 1 
and described in Chapters 3–7.  
 

 Figure 1: Water Security Framework of Five Interdependent Key Dimensions 

 
                                           Source: Asian Development Bank. 

 
The overall NWS of each country is assessed as the composite result of the five KDs.  Figure 1 
illustrates that the dimensions of water security are interdependent and should not be treated in 
isolation of each other. 
 
The unique added value of the AWDO approach is the quantification of the KDs and the overall 
scoring approach. Similar approaches have been developed in the past at an academic level—such as 
the Water Poverty Index5—but these never matured to a management level. A comparable 
approach to AWDO has also been developed in India by NITI Aayog, which conceptualized the 
Composite Water Management Index in 2018 as a tool to instill a sense of cooperative and 
competitive federalism among the states in India. The index has proven to be an important tool in 
India to assess and improve the performance of states or union territories in efficient management 
of water resources, similar to what AWDO provides for ADB members. In preparing AWDO 2020, 
discussions were held with NITI Aayog to exchange views and experiences.  
 
 
 

 
5 C. Sullivan, J. Meigh, and P. Lawrence. 2006. Application of the Water Poverty Index at Different Scales: A 
Cautionary Tale. Water International. 31 (3). pp. 412–426. 
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2.3 Scoring	Approach	to	Key	Dimensions	and	National	Water	Security	
 
AWDO measures water security by quantifying the five KDs through clear and measurable indicators. 
AWDO distinguishes three levels of indicators. The highest level is the NWS. The NWS score is 
composed by combining the scores of KDs 1–5. Each KD score is the result of the combined scores of 
several indicators. Most indicators are determined by combining the scores of sub-indicators. Figure 
2 illustrates this process: sub-indicators provide the information to determine the scores of the 
indicators; the indicators together determine the scores of the KDs (the actual indicators), usually by 
summing the results of the indicators; and, finally, the NWS score is the sum of the KD scores. 
 

Figure 2: Scoring Structure to Determine the National Water Security Score 

 
DALY = disability-adjusted life year; KD = key dimension; NWS = national water security; WASH = water, 
sanitation, and hygiene. 
Source: Asian Development Bank. 

 
For each KD, a specific scoring approach has been developed. This is explained in the description of 
the KDs (Chapters 3–7). As the scores of the individual KDs are not directly comparable (the 
maximum scores are different), an adjustment is needed to combine them into the NWS score. This 
is illustrated in Figure 3. 
 
 
 
 
 
 
 



 

 
 

5 

Figure 3: Calculation Procedure for the National Water Security Index 

 
KD = key dimension, NWS = national water security. 
Source: Asian Development Bank. 

2.4 Stages	of	Water	Security	
 
The NWS score determines the “stage” of the country in achieving water security. Five stages are 
identified: nascent, engaged, capable, effective, and model. The descriptions of these stages are 
summarized in Table 1. The lowest stage is nascent, in which there is a large gap between the 
current state and the acceptable levels of water security. At the highest stage, model, the country 
may be considered a model for its management of water services and water resources, and the 
country is as water secure as possible under its circumstances. The five stages are also called the 
National Water Security Index (NWSI).  
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Table 1: Description of National Water Security Stages 

NWSI NWS Score NWS Stage Description 

5 
96 and 
above 

Model 

All people have access to safe, affordable, and reliable drinking water 
and sanitation facilities.  
Economic activities are not constrained by water availability. 
Environmental governance is good, and pressure on aquatic ecosystems 
is limited.  
Water-related risks are acceptable and relatively easy to deal with. 

4 78–96 Effective 

Nearly all people have access to affordable safe drinking water and 
sanitation facilities. 
Economic water security is high. 
Environmental governance is generally acceptable, and attention is 
given to ecological restoration.  
There are systematic commitments to reduce disaster risk. 

3 60–78 Capable 

Access to safe drinking water and sanitation facilities is improving. 
Economic water security is moderate. 
Environmental governance is moderate, with clear pressure on the 
ecosystem. 
There are some institutional commitments to reduce disaster risk. 

2 42–60 Engaged 

A significant majority of rural and urban households have access to 

basic water supply but less to sanitation.  

Economic water security is low.  
Environmental governance is moderate, with severe pressures on 
aquatic ecosystems.  
Progress in achieving disaster risk security is low.  

1 0–42 Nascent 

A low proportion of rural and urban households have access to basic 
water supply and sanitation. 
Economic water security is low.  
Environmental governance is poor, with significant pressures on the 
aquatic ecosystems. 
Hardly any attention is given to disaster risk reduction. 

NWS = national water security, NWSI = National Water Security Index.  
Source: Asian Development Bank. 

 
A similar banding of the scores into five stages is applied for each KD. The descriptions of the 
bandings applied are presented in appendices 3 till 7 of the main report and summarized in 
Appendix 1 of this methodology report. The lowest stage, nascent, was termed hazardous in AWDO 
2016 and AWDO 2013. 
 
The scoring approach for the NWS stages in AWDO 2020 is comparable to that used in AWDO 2016. 
However, the approach in AWDO 2013 was fundamentally different. In AWDO 2013, the results of 
each KD were first translated into a KD index (on a scale of 1–5), with each KD using its own banding. 
The NWS score was the sum of the KD index values. The approach used for AWDO 2020 and AWDO 
2016 is considered better as it retains the full information (scores) of the KD results.   
 

2.5 Regions	Identified	in	AWDO	
 
The calculations are primarily done and presented at the country level. For presentation and 
comparison purposes, regional summaries are provided. The regions identified follow those of ADB 
and are given in Appendix 2. The total population (2018) considered in AWDO 2020 is 4.18 billion. 
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Note that Pakistan is included in the Central and West Asia region rather than South Asia. Compared 
to AWDO 2016, Niue has been added, and Timor-Leste has been shifted from the Pacific region to 
Southeast Asia. The Pacific region contains only 0.3% of the total population in Asia and the Pacific.  

Table 2: Regions Identified for AWDO 2020 and Their Population 

Region ADB Members 
Total Population 

(million) 
Population  

(%) 
Central and West 
Asia 

Afghanistan,a Armenia, Azerbaijan, Georgia, 
Kazakhstan, Kyrgyz Republic, Pakistan, 
Tajikistan, Turkmenistan, and Uzbekistan 

332  7.9 

East Asia Mongolia, People’s Republic of China, and 
Taipei,China 

1,422  34.0 

Pacific Cook Islands, Federated States of Micronesia, 
Fiji, Kiribati, Marshall Islands, Nauru, Niue, 
Palau, Papua New Guinea, Samoa, Solomon 
Islands, Tonga, Tuvalu, and Vanuatu 

11  0.3 

South Asia Bangladesh, Bhutan, India, Maldives, Nepal, 
and Sri Lanka 

1,549  37.1 

Southeast Asia Cambodia, Indonesia, Lao People’s Democratic 
Republic, Malaysia, Myanmar, Philippines, 
Thailand, Timor-Leste, and Viet Nam 

644 15.4 

Advanced 
Economies 

Australia; Brunei Darussalam; Hong Kong, 
China; Japan; New Zealand; Republic of Korea; 
and Singapore 

222  5.3 

Total Asia and the 
Pacific 

 
4,180  100.0 

ADB = Asian Development Bank, AWDO = Asian Water Development Outlook.  
a ADB placed on hold its assistance in Afghanistan effective 15 August 2021. ADB Statement on Afghanistan | Asian 
Development Bank (published on 10 November 2021). Manila. 
Source: Asian Development Bank. 
 
The regional scores given in the main AWDO 2020 document and this methodology report are 
population-weighted averages. This means the East Asia score is strongly determined by the score of 
the People’s Republic of China (PRC) and the South Asia score (to a lesser extent) by India’s score. 
The following should be considered regarding the scores for all six regions (Figure 4): 

• Central and West Asia: Pakistan has 64% of the total regional population. 
• East Asia: PRC has 98% of the total regional population. 
• Pacific: Papua New Guinea has 79% of the total regional population. 
• South Asia: India has 86% of the total regional population. 
• Southeast Asia: Indonesia has 41% of the total regional population. 
• Advanced Economies: Japan has 57% of the total regional population. 
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Figure 4: Population by Region, with Dominant Countries (million) 

 
   Source: Asian Development Bank. 
 
Given the total global population in 2018 was 7.594 billion, AWDO 2020 addresses 55% of the global 
population.  

2.6 Data	Sources	Used	and	Year	of	Origin	
 
As much as possible, AWDO 2020 has used publicly available and regularly updated trusted 
databases, including those from UN agencies, the World Bank, and ADB. The databases used are 
described in Chapters 3–7. An overview of all data sources used is given in AWDO 2020, Appendix 8.  
 
Although the year 2020 is included in the title for AWDO 2020, the document reports on analyses 
carried out in 2019, using the most recent data available at that time—in general, published data 
from 2018 and earlier. The source data collection may have been (or is likely to have been) earlier 
than the published year. The data publication years and the actual “source data” years are given in 
the descriptions of the KDs in Chapters 3-7. Table 3 provides an overview of these publication years 
for AWDO 2020, as well as for AWDO 2016 and AWDO 2013. 
 
Generally, AWDO 2020 describes the situation in 2018 while AWDO 2016 described the situation in 
2014 and AWDO 2013 (due to a long publishing process) described the situation in 2009. Therefore, 
comparing AWDO 2020 with AWDO 2016 and AWDO 2013 will show progress made in 4–5 years.  
 

Table 3: Years of Publication of the Source Data Used in AWDO 

 AWDO 2013 AWDO 2016 AWDO 2020 
Key Dimension 1 JMP 2009 

DALY 2004 
JMP 2014 
DALY 2012 

JMP 2017 
DALY 2016 

Affordability 2015 
Key Dimension 2 2007–2009 2012–2013 2016–2018 
Key Dimension 3 2009–2010 2015 2017 
Key Dimension 4 2000 2012–2014 2014–2018 
Key Dimension 5 2005–2009 2012–2015 2015–2019 

AWDO = Asian Water Development Outlook, DALY = disability-adjusted life year, JMP = Joint Monitoring 
Programme.  
Source: Asian Development Bank. 
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2.7 Dealing	with	Missing	Source	Data	and	“Nonrelevant”	Indicators	
 
The data used in AWDO 2020 mostly come from well-maintained formal databases. When these 
databases did not contain data for certain indicators for certain countries, the following procedure 
was followed: 

• An attempt was made to find the data from other data sources, preferably from (other) 
formal databases, or from referenced literature.  

• If alternative data sources were not available, expert opinions were used, preferably from 
two or more experts. The experts were asked to score the specific indicator from 1 (bad) to 5 
(excellent). If needed, these scores were scaled to the required scale level of that indicator.  

 
The KD tables included in the AWDO 2020 document (Appendixes 3–7) clearly specify (in bold and/or 
color) which data were “missing” and which approach was used to include a value for the specific 
indicator. This methodology report presents the background information on how this was done for 
the five KDs.  
 
Some indicators appear irrelevant or hardly relevant in certain economies. For example, storm 
surges or coastal flooding (KD5) for landlocked countries such as Bhutan, Mongolia, and Nepal, or 
agriculture (KD2) for ADB members such as Hong Kong, China and Singapore. In those cases, these 
nonrelevant indicators have been dropped, and the formulas used have been corrected accordingly 
to ensure the resulting indicators or sub-indicators remain comparable.  
 
A special category in this respect is the small island states for which the general methodology of 
some of the KDs was difficult to apply or the source data were missing. For example, Niue has a 
population of only 1,700 people and a land area of 260 square kilometers. Other small island states 
are Nauru (11,000 inhabitants), Tuvalu (12,000 inhabitants), and Palau (18,000 inhabitants). Where 
official data were missing for the indicators, less formal source data were used to make estimates. In 
several cases, ADB regional experts provided estimates.  
  

2.8 Methodological	Changes	Compared	to	AWDO	2016	
 
The AWDO 2020 methodology described in this report is an improvement to the approach used for 
AWDO 2016. Based on the experience with AWDO 2016, ADB introduced several refinements to the 
AWDO methodological framework. The main changes to the methodology of the KDs are as follows: 

• Rural household water security (KD1) 
o KD1 was redefined to cover only rural water security. 
o A more granular approach was used in the water supply indicator by giving weights 

to the various steps in the service ladder (from basic to safely managed). 
o The disability-adjusted life year (DALY) indicator was refined to consider only the 

decease burden attributable to water, sanitation, and hygiene (WASH). 
o Affordability was included as a fourth indicator.  

• Economic water security (KD2) 
o Environmental flows were considered in the sub-indicator water stress. 
o Nutrient security was included as a sub-indicator for agriculture. 
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o Self-sufficiency was included as sub-indicator for energy. 
o Self-sufficiency and industrial water security were included as sub-indicators for 

industry. 
• Urban water security (KD3) 

o As with KD1, a more granular approach was used in the indicator water supply by 
giving weights to the various steps in the service ladder (from basic to safely 
managed). 

o Affordability was included as an indicator. 
o The indicator flood damage was aligned with KD5, and the indicator environment was 

aligned with KD4. 
• Environmental water security (KD4) 

o The indicator Catchment and Aquatic System Condition Index (CASCI) replaced the 
River Health Index used in AWDO 2016 and was based on source data while the 
River Health Index had been based on statistical model results.6  

• Water-related disaster security (KD5) 
o The concept for KD5 changed from resilience to risk and includes the hazard. 
o A sub-indicator was added based on the extent to which countries enacted the 

recommendations of the Hyogo Framework for Action (2005–2015). 
 
The impacts of the differences in the methodology and data sources have been investigated by 
recalculating the scores published for AWDO 2016 and AWDO 2013 using the new methodology. The 
recalculation was done by applying the new methodology to the source data of AWDO 2016 and 
AWDO 2013. The results of the analysis of the differences between the published and recalculated 
scores are described in Chapter 9. The analysis shows the results are sufficiently comparable to allow 
drawing conclusions on the differences between AWDO 2020 with AWDO 2016 and AWDO 2103.  
 
Another major change in the AWDO 2020 methodology is the banding of the KDs and the NWS. In 
AWDO 2016, each KD and NWS had their own banding. In AWDO 2020, this banding was adjusted—
made uniform over the KDs and consistent with the banding of the NWS. The considerations around 
the banding are described in Chapter 10.  
 
 
 

 
6 Some of the “source data” in KD4 are based on the outputs of models and as such are not real monitoring data. 
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3 Key	Dimension	1:	Rural	Household	Water	Security	
 
 

 
KD1 provides an assessment of the extent to which countries are satisfying their rural household 
water and sanitation needs and improving hygiene for public health in rural communities.  
 
KD1 is a composite of four indicators: 

• Indicator 1: Access to water supply—the percentage of rural people with access to different 
levels of water supply.7 

• Indicator 2: Access to sanitation—the percentage of rural people with access to different 
levels of sanitation services.8 

• Indicator 3: Health impacts—DALYs for the impacts of WASH services  
• Indicator 4: Affordability—the percentage of household consumption needed to afford 

safely managed WASH services. 
 
The approach to quantify KD1 was originally developed for AWDO 2013 by the United Nations (UN) 
Economic and Social Commission for Asia and the Pacific. The application (and adjustments) for 
AWDO 2016 was done by the Asia-Pacific Center for Water Security of Tsinghua University in Beijing, 
People’s Republic of China. The approach for AWDO 2020 was further developed and populated by 
the International WaterCentre, Griffith University. A detailed description of the AWDO 2020 
application is given in the final KD1 report.9 The scores for all indicators and for the KD for all 49 ADB 
members are given in Appendix 3, Table . This table includes the scores for AWDO 2020 as well as 
the scores for AWDO 2013 and AWDO 2016, recalculated using the AWDO 2020 methodology. The 
impact of the recalculation using the new methodology is discussed in Chapter 9. 
 

 
7 Joint Monitoring Programme (JMP) service ladder for drinking water: safely managed, basic, limited, 
unimproved, surface water. (JMP for Water Supply, Sanitation and Hygiene. Drinking Water. 
https://washdata.org/monitoring/drinking-water.) 
8 JMP service ladder for sanitation: safely managed, basic, limited, unimproved, open defecation. (JMP for 
Water Supply, Sanitation and Hygiene. Drinking Water. https://washdata.org/monitoring/sanitation.) 
9 ADB and International WaterCentre. KD1 Rural Household Water Security – Final Report. International 
WaterCentre, Griffith University (forthcoming). 

 Key Dimension 1: Rural Household Water Security 
The provision of sufficient, safe, physically accessible and affordable water and sanitation services 
for health and livelihoods, coupled with an acceptable level of water-related risk, in rural 
households. 
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3.1 Assessment	Framework	for	Key	Dimension	1	
 

3.1.1 Key	Dimension	1	Assessment	Framework	for	AWDO	2020	
 
The assessment framework for KD1 is illustrated in Figure 5. All four indicators are scored between 1 
and 5 against predefined criteria based on the source data. The KD1 score is the sum of these four 
indicators. 
 

Figure 5: Assessment Framework for Rural Household Water Security (Key Dimension 1) 

 
DALY = disability-adjusted life year; GDP = gross domestic product; KD = key dimension; WASH = water, sanitation, and 
hygiene.  

Source: Asian Development Bank. 

 
3.1.2 Changes	compared	to	Key	Dimension	1	Framework	in	AWDO	2016	

 
The following changes have been made to each of the indicators compared to AWDO 2016: 

• Indicator 1 targets rural households only and takes a more holistic perspective than solely 
piped water supply by considering multiple service levels. 

• Indicator 2 targets rural households only and takes a more holistic perspective than solely 
improved sanitation by considering multiple service levels. 

• Indicator 3 considers only the disease burden attributable to WASH. 
• Indicator 4 has been introduced to consider affordability, adding an element of equality. 

Given these significant changes, it is impossible and would be misleading to make a comparison 
between the AWDO 2020 results and those published in AWDO 2013 and AWDO 2016. Therefore, 
comparisons will only be made with source data from AWDO 2013 and AWDO 2016 using the AWDO 
2020 method, which will be named the adjusted AWDO 2013 and AWDO 2016 scores. 
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Three ADB members do not have any rural residents: Hong Kong, China; Nauru; and Singapore. As 
KD1 only addresses rural household water security, these have not been assessed for KD1. In 
addition, no source data was available on KD1 for Taipei,China. This means the number of countries 
considered for KD1 was reduced from 49 to 45. This has been accounted for in the calculation of the 
overall NWS in the four countries (Table A3.1, Appendix 3). 
 

3.2 Indicators	1	and	2	–	Access	to	Water	Supply	and	Access	to	Sanitation	
 
Indicators 1 and 2 use almost identical methods; therefore, the description of both methods has 
been combined. 
 
The indicators try to measure the following: 

• Indicator 1 – access to water supply: a score that considers how many rural people have 
access to different levels of water supply (footnote 7). 

• Indicator 2 – access to sanitation: a score that considers how many rural people have access 
to different levels of sanitation services (footnote 8). 

 
3.2.1 Scoring	Methodology		

 
The Joint Monitoring Program (JMP) has defined service ladders to benchmark and compare service 
levels (Table 4). The service levels for water supply and sanitation are defined with specific criteria 
relating to services provided. 
 
In an ideal situation, the safely managed service level should be the target for both water supply and 
sanitation. There are too many gaps in the safely managed data sets (section 3.2.3) for this to be a 
practical option when calculating the KD1 score. Therefore, it was decided that the at least basic 
service level would be used as the highest service level for analysis. 
 
A simple method was used to calculate a raw score from the service levels. The scoring criteria 
awards more points to higher service levels. The points attributed to each service level are shown in 
Table 4. 
 

Table 4: Joint Monitoring Programme Ladder Levels of Service and Points Attributed 

Points Water Supply Level Sanitation Level 
3 At least basic At least basic 
2 Limited Limited 
1 Unimproved Unimproved 
0 Surface water Open defecation 

Source: Asian Development Bank. 
 
For example, using source data from JMP, Cambodia would have their water supply as is shown in 
Table 5.10 
  

 
10  JMP. 2019. Progress on household drinking water, sanitation and hygiene 2000–2017: Special focus on 

inequalities. New York: United Nations Children’s Fund (UNICEF) and World Health Organization (WHO). 
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Table 5: Cambodian Water Supply Raw Score Calculation 

Water Supply Level Percentage of Rural Population Points Available Score 
At least basic 73% 3 2.19 

Limited 1% 2 0.02 
Unimproved 13% 1 0.13 

Surface water 14% 0 0 
  Total 2.34 

Source: Asian Development Bank. 
 
Open Defecation Threshold (Indicator 2 Only) 
Open defecation is practiced where people do not have access to any sanitation facilities and is the 
lowest level of sanitation considered in the JMP. Levels of open defecation are higher in rural areas 
than in urban areas; the rates are higher still among vulnerable and poor groups (footnote 10). 
Achieving an end to open defecation globally by 2030 is a key target set in Sustainable Development 
Goal (SDG) 6. As such, open defecation was included as an indicator in KD1.  
 
Two open defecation thresholds were included, preceding the raw score calculation for Indicator 2: 

• if more than 10% of a country’s rural population practices open defecation, the country will 
automatically be scored a 1, and 

• if more than 5% of a country’s rural population practices open defecation, the country 
cannot be scored higher than a 2. 

Scoring Criteria or Banding 
Once raw scores have been calculated for each country, they must be banded to give a score out of 
5. Estimates were used based on the following principles to develop the bandings shown in Table 6: 

• Countries should be spread evenly across bandings: 
o Bands were approximately even, with the highest (band 5) having 21 countries and 

the lowest (band 3) having 16. It is because of this principle that the change in raw 
score is inconsistent between bands. 

o The raw score required to move between bands narrows significantly in higher 
bands. This reflects that the final few percent of rural households are the most 
vulnerable and hardest to reach. Therefore, as a country moves closer to full 
coverage, its access increase per year usually drops significantly.  

• Numbers will be rounded to nearest 0.05: 
o Numbers are rounded as shown in Table 6. 

• Results should return a mean average of approximately 3: 
o The mean average is exactly 3 for water and sanitation combined. 

• Results return similar scores to AWDO 2016 for the adjusted 2016 calculation: 
o In AWDO 2016 KD1, water and sanitation indicators used 2014 JMP source data and 

resulted in a mean average score of 2.8. Using this method and bandings, 2014 JMP 
source data also resulted in a mean average of 2.8. 
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Table 6: Bandings Applied to Indicators 1 and 2 

Sub-indicator Score Raw Score 
5 Equal to 3.00 
4 2.95–3.00 
3 2.75–2.95 
2 2.20–2.75 
1 Less than 2.20 

Source: Asian Development Bank. 
 

3.2.2 Data	Source	Used	for	Indicators	Water	Supply	and	Sanitation	
 
The access to water supply and access to sanitation sub-indicators are calculated using the service 
ladders in the 2019 JMP report (footnote 10; Table 7). The water supply service levels are surface 
water, unimproved, limited, basic, and safely managed. The sanitation service levels are open 
defecation, unimproved, limited, basic, and safely managed. In short, higher scores are given for 
having more people with access to higher levels of service. 
 

Table 7: Data Source Used for Water Supply and Sanitation in Key Dimension 1 

Indicator / Sub-indicator Measure Unit Data Year Database / Reference 
Water supply and water 
sanitation 

Proportion of people 
with access to basic 
services; higher service 
levels are given higher 
scores 

Calculate 
composite 
score from 
0 to 3 

2017 Joint Monitoring Programme 
(2019) 

Source: Asian Development Bank. 
 

3.2.3 Data	Coverage	and	Dealing	with	Missing	Source	Data		
 
There are numerous gaps in the JMP data set for safely managed water supply and sanitation 
services, as many countries are just beginning to adopt and measure safely managed service levels. 
There are 33 out of 45 countries without source data for rural safely managed water supply, and 37 
countries out of 45 without source data for rural safely managed sanitation. However, if a country 
had national safely managed data showing that 95% or more of the country had access to a safely 
managed service, it has been assumed there would be a similar high percentage for safely managed 
access in rural areas. Using this assumption reduces the source data gaps. A secondary option 
examines the number of source data gaps if (a) considering any national data figure as a best 
estimate proxy for rural data, or (b) looking at the at least basic service level instead (Table 8).11   
 

Table 8: Gaps in Joint Monitoring Programme Data Set 

Service Service Level 

Gaps in Rural 
Source Data Out 

of 45 

Gaps in Rural or National 
(When Proportion is above 

95%) Out of 45 

Gaps in Rural or National 
Source Data (Any 

Proportion) Out of 45 
Water 
supply 

Safely managed 33 29 20 
At least basic 7 2 0 

Sanitation 
Safely managed 37 35 30 
At least basic 8 3 1 

Source: Asian Development Bank. 
 

 
11 An at least basic water service is defined as an improved water source that is less than 30 minutes round trip 
from the house. A basic sanitation service is defined as an improved sanitation facility, without safe excreta 
disposal that is not shared with other households. 
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With this method, there are still the following gaps:  
• Brunei sanitation – this gap is filled with Brunei sanitation from JMP 2013. 
• Federated States of Micronesia water and sanitation – these gaps are filled with national 

(including urban and rural) estimates from the JMP. 
• Kiribati both water and sanitation – this gap is filled with national (including urban and rural) 

estimates from the JMP. 

3.3 Indicator	3	–	Health	Impacts	
 
This indicator tries to measure the health impacts—using DALYs12—of inadequate water supply, 
sanitation, and hygiene services. 
 

3.3.1 Scoring	Methodology	
 
The indicator scores were determined based on a banding of five categories. Examining the data, it 
was immediately apparent there was an exponential distribution among countries (Figure 6). 
Therefore, bands were selected exponentially, resulting in those shown in Table 9. 
 
Figure 6: Distribution of Countries Regarding Water-, Sanitation-, and Hygiene-Attributable Disability-Adjusted Life Years 

 
DALY = disability-adjusted life year, WASH = water, sanitation, and hygiene. 
Source: Asian Development Bank. 

 
Table 9: Sub-indicator 3 Bandings 

Sub-indicator Score 
WASH-Attributable DALYs per 

Thousand People 
5 Less than 1 
4 1–2 
3 2–5 
2 5–10 
1 More than 10 

DALY = disability-adjusted life year; WASH = water, sanitation, and hygiene.  
Source: Asian Development Bank. 

 

These bandings resulted in the log scale distribution shown in Figure 7. 

 
12 DALYs for a disease or health condition are the sum of the years of life lost to due to premature mortality 
and the years lived with a disability due to prevalent cases of the disease or health condition in a population 
(World Health Organisation [WHO] definition). 
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Figure 7: Log Scale Distribution of Countries Regarding Water-, Sanitation-, and Hygiene-Attributable Disability-Adjusted 
Life Years 

 
DALY = disability-adjusted life year; WASH = water, sanitation, and hygiene. 
Source: Asian Development Bank. 

 
3.3.2 Data	Source	Used	

 
For this indicator, several data sets and methodologies were reviewed—the most notable of which 
was the World Health Organisation (WHO) disease burden database. A joint University of North 
Carolina and WHO study created a method to calculate the disease burden caused by inadequate 
WASH from multiple illnesses.13 The method uses comparative risk assessments to formulate WASH 
attribution factors for several of the illnesses in the WHO disease burden database, thereby 
developing a WASH-attributable disease burden for an entire country. This data set includes 40 of 
the 45 countries analyzed in KD1. The illnesses included are: diarrheal diseases, soil-transmitted 
helminth infections, respiratory infections, malnutrition (only protein-energy malnutrition), 
trachoma, and schistosomiasis. 
 
Discussions with the study’s authors were held to investigate whether it would be possible to 
disaggregate this data by urban and rural. It was determined that it would be possible to create an 
estimated WASH attributable rural disease burden, but that any estimate would depend on 
unreliable assumptions and would “not be meaningful and could even be misleading.”14 Therefore, a 
national WASH attributable disease burden was used, with the understanding that a rural estimate 
should be used if improved data becomes available. The Prüss-Ustün data set was used with minor 
calculations to determine the disease burden attributable to drinking water, sanitation, and hygiene 
per thousand people (Table 10).15 
 
 
 
 
 

 
13 A. Prüss-Ustün et al. 2019. Burden of disease from inadequate water, sanitation and hygiene for selected 
adverse health outcomes: An updated analysis with a focus on low- and middle-income countries. International 

Journal of Hygiene and Environmental Health. 222 (5). pp. 765–777. 
14 Correspondence with study authors. 
15 DALYs attributed to water resource management were not considered in this report. 
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Table 10: Data Source Used for Health Indicator in Key Dimension 1 

Indicator / Sub-
indicator 

Measure Unit Data Year Database / Reference 

Health DALYs attributable to poor 
WASH 

DALYs per 
person 

2016 Burden of disease from inadequate 
WASH for selected adverse health 
outcomes (Prüss-Ustün et al. 2019) 

DALY = disability-adjusted life year; WASH = water, sanitation, and hygiene. 
Sources: Asian Development Bank; and A. Prüss-Ustün et al. 2019. Burden of disease from inadequate water, sanitation 
and hygiene for selected adverse health outcomes: An updated analysis with a focus on low- and middle-income countries. 
International Journal of Hygiene and Environmental Health. 222 (5). pp. 765–777. 

 
3.3.3 Source	Data	Coverage	and	Dealing	with	Missing	Source	Data		

 
The described method resulted in the following gaps in source data: 

• The Cook Islands, the Marshall Islands, Palau, and Tuvalu were not included in the Prüss-
Ustün data set. These countries’ health impact scores were estimated to be the same as the 
published 2016 KD1 sub-indicator 3 scores. 

• Niue was not included in the Prüss-Ustün data set. As Niue was also not included in AWDO 
2016, its score was estimated as equal to the Pacific average for sub-indicator 3. 

3.4 Indicator	4	–	Affordability		
 
This indicator tries to measure the percentage of household consumption needed for rural 
households to afford safely managed water supply, sanitation, and hygiene services.  
 

3.4.1 Scoring	Methodology	
 
To evaluate affordability in line with this definition, two key elements are required: 

• the cost of service, and 
• the household’s ability or willingness to pay for the service. 

A 2016 joint World Bank–Water and Sanitation Program study investigated how much it would cost 
per year for each country to meet the SDG 6.1 and 6.2 targets.16 This study used in-country experts 
to create ground-up modelled cost estimates for the provision of safely managed water supply, 
sanitation, and hygiene services in rural areas, thereby creating a data set that includes 40 of the 45 
countries.17 Multiple technologies were investigated; however, for the purposes of KD1, only the 
lowest-cost technology is considered. The estimates in this data set are in 2015 prices in United 
States dollars (USD). Therefore, Consumer Price Index (CPI) and USD: National Currency (NC) 
exchange rate data from ADB’s Key Indicator Database was used to turn these estimates into 2018 
NC. For AWDO 2020, 2018 was selected as the year of analysis as this was often the most recently 
available year for economic data. For the AWDO 2013 score, 2010 was selected as the year of 
analysis, and for the AWDO 2016 score, 2014 was selected as the year of analysis as these were the 
years for which JMP data was available. The cost-of-service equation is as follows. 
 

 
16 G. Hutton and M. Varughese. 2016. The Costs of Meeting the 2030 Sustainable Development Goal Targets on Drinking 

Water, Sanitation, and Hygiene. World Bank, Washington, DC.  
17 Most gaps in this data set were in advanced economies. 
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Household consumption was calculated using ADB’s Key Indicator Database. As no reliable data sets 
were available to measure a household’s ability or willingness to pay for a service, a proxy measure 
was selected. Total household consumption was decided as the best available proxy.18 The total 
household final consumption (HFC) for a country is its NC (national currency) divided by its 
population (both in 2018), to find the household consumption per person (as shown in the following 
equation). 
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Finally, affordability can be calculated as a percentage of cost of service divided by household 
consumption (as shown in the following equation). 
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This method is summarized in Figure 8. 
 

Figure 8: Sub-indicator 4 Affordability Summary of Method 

CPI = Consumer Price Index, NC = national currency, USD = United States dollar. 
Source: Asian Development Bank. 

 
18 This is a non-ideal proxy for the household’s ability to pay for WASH services. It does not consider willingness 
to pay, and, by considering the mean average of all households in a country, it does not consider discrepancies 
between income brackets within a country. These issues are further discussed in the KD1 report (footnote 9). 
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These data points were used to develop the affordability scoring bands shown in Table 11. 
 

Table 11: Scoring Bands for Indicator Affordability 

Indicator Score 

Affordability 
(Cost as a Percentage of  

Household Consumption) 
5 Less than 2% 
4 2%–3% 
3 3%–4% 
2 4%–5% 
1 More than 5% 

Source: Asian Development Bank. 
 

3.4.2 Data	Sources	Used	
 
The main data source for the affordability indicator is the same as for the health indictor. Data was 
also used from ADB’s Key Indicators Database. Table 12 presents these data sources. 
  

Table 12: Data Sources Used for Affordability Indicator in Key Dimension 1 

Indicator / Sub-
indicator 

Measure Unit Data Years Database / Reference 

Affordability Cost of safely managed 
water supply, 
sanitation, and hygiene 
services 

USD / household / 
year 

2015 Costs of meeting the 2030  
SDG targets (Hutton and 
Varghese 2016) 

Affordability Household final 
consumption, cost 
performance index, 
currency exchange 
rates and population 

USD and 
percentages 

2018 ADB Key Indicators Database 
(ADB 2019) 

ADB = Asian Development Bank, SDG = Sustainable Development Goal, USD = United States dollar. 
Sources: Asian Development Bank; G. Hutton and M. Varughese. 2016. The Costs of Meeting the 2030 Sustainable 

Development Goal Targets on Drinking Water, Sanitation, and Hygiene. World Bank, Washington, DC; and Asian 
Development Bank (ADB). 2019. Key Indicators Database. https://kidb.adb.org/kidb/ (accessed November 2019). 

 
3.4.3 Source	Data	Coverage	and	Dealing	with	Missing	Source	Data	

 
This method resulted in the following gaps: 

• Australia and the Republic of Korea had cost estimates calculated using the International 
Benchmarking Network for Water and Sanitation Utilities (IBNET) database. 

• Brunei Darussalam, Japan, and New Zealand had cost estimates calculated using regional 
averages. 

• Cambodia had CPI figures estimated using expert opinion provided by the ADB. 
• Turkmenistan, the Cook Islands, Kiribati, the Marshall Islands, and the Solomon Islands had 

CPI figures estimated using regional averages. 
• Turkmenistan, the Cook Islands, the Federated States of Micronesia, Kiribati, Niue, Tuvalu, 

Samoa, the Maldives, Lao People’s Democratic Republic, and Myanmar had HFC estimated 
from GDP and a regional average for HFC as a percentage of GDP. 

• Papua New Guinea had HFC estimated using an HFC figure from 2005 with a CPI factor 
applied. 
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3.5 Overall	Assessment	of	Rural	Water	Security	in	AWDO	2020	
 
In KD1, the lack of source data was a major issue. By necessity, each sub-indicator used a method 
that was not ideal and if source data improves it should be updated. Below is a list of recommended 
changes that should be made if better source data is available for the next iteration of AWDO: 

• Indicators 1 and 2 should consider safely managed as the highest service level. 
• Indicator 3 currently uses a national estimate. In future, this should be disaggregated by 

rural and urban and show only health impacts on rural communities. 
• Indicator 4 the cost of water services is calculated for rural areas, but household 

consumption is a national mean average. Rural household-specific household consumption 
data would be more accurate to use if it becomes available. Further, mean average 
household consumption is not an ideal proxy for willingness or ability to pay and does not 
consider differences between the richest and the poorest. Ultimately, this sub-indicator 
would ideally measure the percentage of households that are unable to afford the cost of 
water services. 

Further to this, there are several elements that may be valuable inclusions as future sub-indicators: 
• risk, as it links directly with the “acceptable level of water-related risk” element in the 

definition of KD1; 
• gender equality and social inclusion, as these factors have important bearing on equitable 

costs and benefits of KD1; and 
• governance, as it is a precursor to water security and transparent and inclusive decision-

making. 
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4 Key	Dimension	2:	Economic	Water	Security	
 
 

 
KD2 is a composite of four indicators: 

• Indicator 1: Broad economy—describes the general water-related boundary 
conditions for the use of water for economic purposes, including data on supply 
reliability, water stress, storage (dam capacity), and data availability. 

• Indicator 2: Agriculture—indicates water productivity, self-sufficiency, and nutrient  
security. 

• Indicator 3: Energy—indicates water productivity, self-sufficiency, and energy security. 
• Indicator 4: Industry—indicates water productivity, self-sufficiency, and industry 

security. 
 
The KD2 approach has been developed by the International Water Management Institute. A detailed 
description of the 2020 application is given in the final KD2 report.19 The scores for all indicators and 
the KD for all 49 ADB members are given in Appendix 3, Table . This table includes the scores for 
AWDO 2020 as well as the scores for AWDO 2013 and AWDO 2016, recalculated using the AWDO 
2020 methodology. The impact of the recalculation is discussed in Chapter 9. 
 

4.1 Assessment	Framework	for	Key	Dimension	2	
 

4.1.1 Key	Dimension	2	Assessment	Framework	for	AWDO	2020	
 
KD2 developed a logical construct to guide the selection of indicators and sub-indicators that best 
cover the various aspects of economic water security. The logic guiding the indicators selection for 
AWDO 2020 is represented in Figure 9 as a decision tree with questions that help determine 
whether a region is economically water secure. The first question asks if the region is physically 
water scarce. If so, then the region is also economically water scarce since the volume of water 
naturally available in the region is not enough to meet the demands of humans and ecosystems. For 
the same population and water demand, it is possible to alleviate physical water scarcity only 
through importing water from another region. Trade is placed in a box by itself to indicate it is an 
external supply factor that can impact water security across all the categories. 
  

 
19 ADB and International Water Management Institute. KD2 Economic Water Security – Final Report. Sri Lanka. 
International Water Management Institute (forthcoming). 

 Key Dimension 2: Economic Water Security 

The assurance of adequate water to sustainably satisfy a country’s economic growth and avoid 
economic losses due to water-induced disasters. 
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Figure 9: Logical Construct for Economic Water Security 

 
Source: Asian Development Bank. 

 
If the region is not physically water scarce, the next question determines whether water supply is 
reliable and risk management is robust so water is being provided reliably and affordably in 
adequate quantity and quality to meet all demands, including environmental demands. If so, 
economic water security is maximized. If not, then the region is not entirely economically secure, 
and various components of water security can be investigated to determine the degree to which 
water is secured. Within this framework, this is done by considering the extent to which measures 
have been taken already to secure water for economic use. 
 
Interventions for improving economic water security include improving water storage capacity, 
managing water-related risks, optimizing the allocation of water, and enhancing the efficiency and 
productivity of water use. Each of these approaches must be economically feasible for water to be 
economically secure. If the costs of the solutions exceed the value generated by using the water, the 
water cannot be considered economically secure because it cannot be sustainably provided. 
 
Based upon this logical construct, the assessment framework for KD2 was developed (Figure 10). The 
indicator scores are determined by averaging the scores of their sub-indicators. For the reliability 
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sub-indicator, further refinement was necessary using three sub-sub-indicators. The sub-indicator 
scores are determined by scoring tables. The total KD2 score is the sum of the four indicators. 
 

Figure 10: Assessment Framework for Economic Water Security (Key Dimension 2) 

 
KD = key dimension, TRWR = total renewable water resources.  
Source: Asian Development Bank. 

 
4.1.2 Changes	Compared	to	Key	Dimension	2	Framework	in	AWDO	2016	

 
Several changes were made to the indicator framework and methodology from AWDO 2016 and 
AWDO 2020 to make the framework more comprehensive and consistent across economic sectors—
to better represent the integrated nature of resource management across the water, energy, food, 
environment, and climate nexus. Water balances and related risks influence and are influenced by all 
economic sectors. Water security is therefore intimately intertwined with food, energy, industrial, 
environmental, and climate security. The AWDO 2020 framework attempts to better represent the 
integrated nature of water security, while remaining consistent with previous methods and as simple 
as possible to apply with source data. However, the changes made were substantial enough to make 
comparison with published AWDO 2016 indicator scores difficult. The results section recalculates 
scores for AWDO 2016 using AWDO 2020 methods. The changes were made to the following areas.  
 
Broad economy: While the sub-indicators used in the broad economy component were retained, the 
methods for calculating them were changed. Two changes were made to the calculation of total 
freshwater withdrawal, which affects the water stress calculation and the Storage Drought Duration 
Index. The first change was that available remote sensing products were used to estimate 
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agricultural water withdrawals according to the methodology described in Appendix 2 of the KD2 
report, since source data on withdrawals is not otherwise regularly updated. Remote sensing data 
were used, rather than modelling directly with a surface energy balance model, to ensure the 
method could be easily applied. However, the withdrawals were still calibrated to the average 
withdrawals reported by the UN Food and Agriculture Organization’s (FAO’s) Global Information 
System on Water and Agriculture, or Aqua Statistics (AQUASTAT). The second change was that 
environmental flows were considered a water demand or withdrawal. This has the effect of 
increasing water stress in all countries. Other changes made to the broad economy sub-indicators 
included altering the source data availability indicator to represent data used for the AWDO 2020 
indicator framework, updating the precipitation data set to use the newer version of data supplied 
by the University of East Anglia’s Climate Research Unit, and naming sub-indicator categories more 
consistently with sub-indicators across each other component. 
 
Agriculture: For the agriculture component, a new indicator was added for nutrition security, or 
food security, to compare the average per capita food availability with the average across Asia and 
the Pacific. This provides a measure of how much more food would need to be produced to reach 
the regional average, which is an indication of how much more water might be necessary to produce 
that food. Other changes include an update of the remote sensing data used for water productivity 
to match the data used for agricultural water withdrawals, and the establishment of the convention 
to be used for each set of indicators for water productivity, self-sufficiency, and security. 
 
Energy: The energy, or in this case electricity, self-sufficiency indicator was added. 
 
Industry: Both industrial self-sufficiency and industrial security indicators were added.  
Because water withdrawals in energy and industry in many industrialized nations exceed the water 
withdrawals for agriculture, it is important to thoroughly consider the water demands in these 
sectors, which are also rising faster than agricultural water demands. The addition of self-sufficiency 
and industrial security indicators also emphasizes risks to water security for these sectors beyond 
water productivity and related policy decisions. 
 

4.2 Indicator	1	–	Broad	Economy		
 
Although labelled “broad economy,” these measures are not economic. Instead, they focus on the 
aggregate water supply and demand balance within a country to answer the first few questions in 
the logical construct (Figure 9). Is there water scarcity, or is there enough water to meet demands? 
Can the water potentially be delivered reliably to meet demands? In other words, is the 
infrastructure in place to deliver water to meet demands when needed? How variable is the supply, 
and are there allocation and risk management measures? Is enough storage in place?  
 
There are four sub-indicators that aim to help answer these questions: (i) water scarcity; (ii) 
reliability, or self-sufficiency; (iii) resilience to shocks, or security of water for certain activities; and 
(iv) governance. The first three sub-indicators focus on water availability for economic use; the last 
indicator focuses on data availability for decision-making. The sub-indicator reliability is determined 
using three sub-sub-indicators: intra-annual rainfall, interannual rainfall, and storage.  
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4.2.1 Scoring	Methodology	
 
Sub-indicator Water Scarcity 
The physical availability of water alone is not a good indicator of economic water security without 
the context of the demands placed on those water resources. For this reason, total freshwater 
scarcity, or stress, defined as the total freshwater withdrawals divided by the total renewable water 
resource, is used to indicate the degree to which available water is being used and how much 
additional freshwater may be available for use. A lower proportion of renewable water resources 
that are withdrawn indicates greater water security for economic growth and production.   
 
New for AWDO 2020, the water resources and flow regime required to maintain ecosystem 
functions and environmental services are also considered as a demand for water resources. 
Arguably, if these environmental flow requirements are not satisfied, economic water security will 
not be sustainable. For the water stress indicator, estimates of environmental flow requirements are 
considered freshwater withdrawals and have been added to the sectoral water withdrawals. The 
water scarcity scoring bands are shown in Table 13. 
 

Table 13: Scoring Bands for Sub-indicator Water Scarcity in Key Dimension 2 

Indicator Score Water Scarcity 
5 less than 10% 
4 10%–20% 
3 20%–40% 
2 40%–80% 
1 greater than 80% 

Source: Asian Development Bank. 

 
Sub-indicator Reliability 
A good indicator of potential water security and reliability is the amount of additional storage that 
would need to be built to sustainably meet all demands, given long-term flow variability. The 
sequent-peak methodology for reservoir sizing could be used to calculate such an indicator, using 
long-term time series data for monthly runoff and monthly water demands. Although it would 
provide an accurate estimate of the potential reliability of water delivery from infrastructure, this 
approach has caveats. Long-term time series monthly runoff data is only available from modelling 
studies, and detailed aggregated monthly demand data is not available consistently at large scales. 
 
For AWDO 2020, indicators used in previous AWDO reports were adhered to. Water supply reliability 
and self-sufficiency are indicated by three indicators: interannual precipitation variability, intra-
annual precipitation variability, and storage as a fraction of the total renewable water resource. 
Since the timing of precipitation and runoff rarely matches the exact timing of water demands, 
water can be more reliably supplied to demands when storage is high and rainfall variability low. The 
degree to which countries have achieved assurance of stable supply across sectors was assessed by 
coupling the results of two indicators: i) rainfall coefficient of variation between and within years 
and ii) storage divided by total renewable water resources. Lower rainfall coefficient of variation and 
higher ratio of storage to total renewable water resources indicate that a country is more resilient to 
changes. Conversely, higher rainfall coefficient of variation and lower ratio of storage to total 
renewable water resources indicate that a country is less prepared for water availability fluctuations. 
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While intra-annual and interannual variation could be replaced by a single indicator of time-series 
monthly variation, it is valuable to understand how much variability there is within a year as well as 
how much annual variation there is across years. The scoring bands for the three sub-sub-indicators 
are shown in Tables 14–16. 
 

Table 14: Scoring Bands for Sub-sub-indicator Interannual Rainfall Coefficient of Variation 

Indicator Score Interannual Rainfall (CV) 
5 less than 0.025 
4 0.025–0.050 
3 0.050–0.100 
2 0.100–0.150 
1 greater than 0.150 

CV = coefficient of variation. 

Source: Asian Development Bank. 

 
Table 15: Scoring Bands for Sub-sub-indicator Intra-annual Rainfall Coefficient of Variation 

Indicator Score Intra-annual Rainfall (CV) 
5 less than 0.20 
4 0.20–0.40 
3 0.40–0.60 
2 0.60–0.75 
1 greater than 0.75 

CV = coefficient of variation. 

Source: Asian Development Bank. 

 
Table 16: Scoring Bands for Sub-sub-indicator Storage/Total Renewable Water Resources 

Indicator Score Storage/TRWR 
5 greater than 50% 
4 20%–50% 
3 5%–20% 
2 3%–5% 
1 less than 3% 

TRWR = total renewable water resources. 
Source: Asian Development Bank. 

 
Sub-indicator Resilience 
The resilience sub-indicator focuses on the risk management portion of the logical construct. 
Resilience is the capacity to recover from shocks—in this case, shocks caused by extreme or 
catastrophic water-related events, such as droughts, floods, and landslides. Ideally, documentation 
would be available on the economic impacts of such events and the associated time needed for 
economic recovery. Anecdotal evidence can be found for some catastrophic events, and databases 
such as the Emergency Events Database (EM-DAT) collate information on disasters.20 However, 
comprehensive and consistent information on the economic impacts of extreme water-related 
events and the capacity to recover from them was deemed not sufficiently available for KD2 to be 
able to provide a comparative assessment across countries in the Asia and the Pacific region. Risk 
from water-related disasters is handled more comprehensively in KD5, water-related disaster 
security.  

 
20 Université Catholique de Louvain – Centre for Research on the Epidemiology of Disasters. EM-DAT: The 
Emergency Events Database. www.emdat.be. Brussels. 
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Consistent with previous assessments, the focus was limited to only one indicator closely related to 
reliability. Countries with higher capacity to withstand droughts provide higher water security for 
economic activities. The capacity to withstand droughts is a combination of the available reservoir 
storage and the demand for water compared to the length of hydrologic drought experienced in a 
region. Greater reservoir capacity to withstand droughts will also help mitigate floods, since more of 
the flood water can be captured and stored for drought periods. This sub-indicator, as well as the 
similar storage capacity sub-indicator, is a variation of the reservoir capacity indicator used in KD5. 
The KD5 indicator uses per-capita storage capacity. The indicators in KD2 focus on economic water 
security by using storage capacity compared to the available renewable resource, water demands, 
and meteorological drought duration to indicate whether water is available for economic 
production. Impacts of drought and those affected are dealt with in KD5. The storage drought 
duration index in KD2 is calculated by i) determining the number of months that a country’s dam 
capacity is able to provide reliable water supply and then ii) dividing that by the mean annual 
drought duration (in months). The scoring bands for this sub-indicator are shown in Table 17. 
 

Table 17: Scoring Bands for Sub-indicator Storage Drought Duration Index 

Indicator Score Storage Drought Duration Index 
5 index value greater than 5.0 
4 3.0–5.0 
3 1.0–3.0 
2 0.5–1.0 
1 less than 0.5 

Source: Asian Development Bank. 
 
Sub-indicator Data Availability and Governance 
Optimizing the management of resources requires accurate measurement and accounting of the 
supply, demand, quality, location, uses, costs, benefits, and revenue associated with that resource. 
For water to be well-governed, institutions must be established, priorities set, budgets allocated, 
standards and procedures established, infrastructure built, and regulations enforced. Water 
governance is thoroughly discussed in AWDO 2020. However, water data gaps are considered a 
constraint to economic water security assessment. Therefore, data availability has been included as 
one indicator of how governance affects economic water security, as well as how much it 
constrained the assessment of economic water security. The data categories considered and their 
sources are listed in Table 18. Country-level data availability constitutes a basis for assessing, 
determining, and planning water uses in economic activities. More data collection and sharing can 
translate into better planning and more targeted policies.  
 

Table 18: Data Categories Considered in Sub-indicator Data Availability 

Time series precipitation (CRU) 
Total renewable water resources (AQUASTAT) 
Dam/reservoir capacity (AQUASTAT) 
Industrial water withdrawal (AQUASTAT) 
Municipal water withdrawal (AQUASTAT) 
Agricultural water withdrawal (Remote Sensing) 
Environmental flow requirements (AQUASTAT) 
Population (ADB) 
Total GDP (ADB) 

Agricultural GDP (World Bank) 
Agricultural import value (FAO) 
Agricultural export value (FAO) 
Food supply (FAO) 
Industrial GDP (World Bank) 
Export of goods (ADB) 
Import of goods (ADB) 
Electricity production (ADB) 
Electricity consumption (ADB) 

ADB = Asian Development Bank, AQUASTAT = Aqua Statistics – FAO’s Global Information System on Water and Agriculture, 
CRU = Climate Research Unit, FAO = Food and Agriculture Organization of the United Nations, GDP = gross domestic product. 
Source: Asian Development Bank. 
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Countries were ranked according to the data that could be obtained, with each of the data sets listed 
in Table 18 counting for 1 point. The results were scaled from 1 to 5, as indicated in Table 19. 
 

Table 19: Scoring Bands for Sub-indicator Data Availability 

Indicator Score Data Availability 
5 17 or 18 data points 
4 15 or 16 data points 
3 13 or 14 data points 
2 10–12 data points  
1 less than 10 data points 

Source: Asian Development Bank. 

 
4.2.2 Data	Sources	Used	for	Indicator	Broad	Economy	in	Key	Dimension	2	

 
The basic data sources used for the sub-indicators of broad economy in KD2 are given in Table 20.  
 

Table 20: Data Sources Used for Broad Economy in Key Dimension 2 

Indicator / Sub-indicator Measure Unit Data Years Database / Reference 
Water scarcity and water 
stress 

Total freshwater 
withdrawal/total renewable 
water resources (TRWR)  

-/- 2017 Food and Agriculture 
Organization of the United 
Nations (FAO) Aqua Statistics 
(AQUASTAT), satellite remote 
sensing analysis 

Reliability and self-
sufficiency 
Intra-annual precipitation 
variability  

Average coefficient of 
variation of monthly rainfall 
within years for the previous 
20 years 

- 2018 Climatic Research Unit Time-
Series version 4.03 (CRU 
TS4.03) 

Interannual precipitation 
variability 
 

Coefficient of variation of 
annual rainfall over the 
previous 20 years 

- 2018 CRU TS4.03 

Storage capacity Reservoir storage/TRWR -/- 2017 AQUASTAT 
Resilience and security 
Storage drought duration 
index 
 

Total dam capacity/average 
freshwater withdrawal per 
month/mean annual drought 
duration 

-/-  Eriyagama et al. (2009); New 
et al. (2002); AQUASTAT 

Governance / data 
availability 

   All data sources 

Note: -/- means that this indicator is unitless. 

Sources: Asian Development Bank; N. Eriyagama, V.Y. Smakhtin, and N. Gamage. 2009. Mapping Drought Patterns and 

Impacts: A Global Perspective (Vol. 133). International Water Management Institute, Colombo; and M. New et al. 2002. A 

high-resolution data set of surface climate over global land areas. Climate Research. 21 (1), pp. 1–25. 

 
The data sources were used as follows: 

• Total renewable water resources data were taken from AQUASTAT and based on long-term 
averages. However, potential climatic changes and their impact on water availability over time 
cannot be assessed.  

• Water withdrawal data were taken from AQUASTAT. Since data is reported and updated in 
certain years and may be missing for others, water withdrawal data was taken whenever it 
was available within a 5-year period before the base data year of each report: from 2003 to 
2007 for AWDO 2013, from 2008 to 2012 for AWDO 2016, and from 2013 to 2017 for AWDO 
2020. To assess how water withdrawals may be changing over time, remotely sensed data 
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from satellite was used in conjunction with AQUASTAT to estimate agricultural water 
withdrawals. This method is described in the KD2 report (footnote 19). 

• Intra-annual and interannual precipitation variabilities were calculated using the gridded 
Climatic Research Unit (CRU) time-series data version 4.03, which provides monthly gridded 
precipitation at 0.5 degree resolution from 1901 to 2018.21 Interannual precipitation 
variability was calculated as the coefficient of variation of annual precipitation over the 
previous 20 years. Intra-annual variability was calculated as the average coefficient of 
variation of monthly precipitation within the year over the previous 20 years. A 20-year 
period was chosen to be long enough to capture variability while still short enough to 
capture long-term changes in precipitation variability as a result of climatic changes. 

• Storage and total renewable water resources data were taken from AQUASTAT. Because it 
is based on long-term averages from a fixed number of years, the data on total renewable 
water resources for each country remained unchanged. The dates of the data on a country’s 
reservoir capacity (or “total dam capacity” in the AQUASTAT database) were highly variable, 
and changes since AWDO 2016 were reported for only the People’s Republic of China (PRC), 
which was updated, and Fiji, which was newly added. For this report, we assumed storage 
capacities have not changed since the last year of data reported in AQUASTAT. 

• Storage Drought Duration Index represents a country’s capacity to withstand droughts and 
was conducted in two steps: i) determining the number of months that a country’s reservoir 
capacity is able to provide enough water to cover the water withdrawals and ii) dividing the 
number of months with reliable water supply by the mean annual drought duration. A 
higher proportion of months with reliable water supply indicates greater water security for 
economic activities. This indicator was derived from the methodology developed by 
Eriyagama.22 Data from New on mean annual drought duration was used.23 Data on the total 
reservoir capacity was obtained from AQUASTAT, while water withdrawals were calculated 
using the method described in the second bullet.  

• Data availability was measured by the degree to which data were available to populate the 
indicators applied in the economic water security assessment framework.  

 
4.2.3 Data	Coverage	and	Dealing	with	Missing	Data	

 
Table 21 gives an overview of the data coverage of the broad economy indicator over ADB members 
as provided by AQUASTAT. For countries with missing data, additional sources of information have 
been used or assumptions made, e.g., by using data from earlier years. 
 

 
21 University of East Anglia Climatic Research Unit; I.C. Harris; P.D. Jones. 2020. CRU TS4.03: Climatic Research 
Unit Time-Series version 4.03 of high-resolution gridded data of month-by-month variation in climate (Jan. 
1901–Dec. 2018).  
22  N. Eriyagama, V. Smakhtin, and N. Gamage. 2009. Mapping Drought Patterns and Impacts: A Global 
Perspective. IWMI Research Report. No. 133. Colombo, Sri Lanka: International Water Management Institute. 
23 M. New et al. 2002. A High-Resolution Data Set of Surface Climate over Global Land Areas. Climate Research. 
21 (1). pp. 1–25. 
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Table 21: Source Data Coverage of Sub-indicators of Broad Economy over ADB Members 

Data Set Data 
Coverage 

Countries Missing Source Data 

TRWR 37 of 49 Cook Islands; Federated States of Micronesia; Hong Kong, China; Kiribati; Marshall Islands; 
Nauru; Niue; Palau; Samoa; Taipei,China; Tonga; Tuvalu 

Water withdrawals   
Agriculture 31 of 49 Cook Islands; Federated States of Micronesia; Fiji; Hong Kong, China; Kiribati; Maldives; 

Marshall Islands; Nauru; Niue; Palau; Samoa; Singapore; Solomon Islands; Taipei,China; 
Timor-Leste; Tonga; Tuvalu; Vanuatu 

Industrial 10 of 49 Cook Islands; Federated States of Micronesia; Hong Kong, China; Kiribati; Marshall Islands; 
Nauru; Niue; Palau; Samoa; Solomon Islands; Taipei,China; Tonga; Tuvalu; Vanuatu 
Exceptions – Data from earlier years was used for: 
Afghanistan (2005), Bangladesh (2008), Bhutan (2008), Brunei Darussalam (2009), 
Cambodia (2006), Fiji (2005), Georgia (2005), India (2010), Japan (2009), Kyrgyz Republic 
(2006), Lao PDR (2003), Malaysia (2005), Maldives (2008), Myanmar (2005), Nepal (2005), 
New Zealand (2006), Pakistan (2005), Papua New Guinea (2005), Singapore (2005), Sri 
Lanka (2005), Tajikistan (2006), Thailand (2007), Timor-Leste (2004), Turkmenistan (2004), 
Viet Nam (2005)  

Municipal 10 of 49 Cook Islands; Federated States of Micronesia; Hong Kong, China; Kiribati; Marshall Islands; 
Nauru; Niue; Palau; Samoa; Solomon Islands; Taipei,China; Tonga; Tuvalu; Vanuatu 
Exceptions – Data from earlier years were used for: 
Afghanistan (2005), Bangladesh (2008), Bhutan (2008), Brunei Darussalam (2009), 
Cambodia (2006), Fiji (2005), Georgia (2005), India (2010), Japan (2009), Kyrgyz Republic 
(2006), Lao PDR (2003), Malaysia (2005), Maldives (2008), Myanmar (2005), Nepal (2005), 
New Zealand (2006), Pakistan (2005), Papua New Guinea (2005), Singapore (2005), Sri 
Lanka (2005), Tajikistan (2006), Thailand (2007), Timor-Leste (2004), Turkmenistan (2004), 
Viet Nam (2005)  

Environmental 
Flows 

32 of 49 Cook Islands; Federated States of Micronesia; Fiji; Hong Kong, China; Kiribati; Maldives; 
Marshall Islands; Nauru; Niue; Palau; Samoa; Singapore; Solomon Islands; Taipei,China; 
Tonga; Tuvalu; Vanuatu 

Intra-annual 
precipitation 

43 of 49 Federated States of Micronesia; Niue; Taipei,China; Timor-Leste 
Exceptions: For Nauru and Solomon Islands, 1960–1990 data was used since precipitation 
values were missing or inaccurate after 1999 for Nauru and after 1991 for Solomon Islands 

Interannual 
precipitation 

43 of 49 Federated States of Micronesia; Niue; Taipei,China; Timor-Leste 
Exceptions: For Nauru and Solomon Islands, 1960–1990 data was used since precipitation 
values were missing or inaccurate after 1999 for Nauru and after 1991 for Solomon Islands 

Storage capacity 17 of 49 Bhutan; Cambodia; Cook Islands; Federated States of Micronesia; Hong Kong, China; 
Kiribati; Marshall Islands; Nauru; Niue; Palau; Solomon Islands; Taipei,China; Timor-Leste; 
Tonga; Tuvalu; Vanuatu 
Exceptions – Data from earlier years was used for:  
Armenia (2004), India (2005), Japan (1993), Kyrgyz Republic (1995), Lao PDR (2010), 
Maldives (1990), Myanmar (2005), Papua New Guinea (2010), Philippines (2006), Republic 
of Korea (1994), Sri Lanka (1996), Tajikistan (2010), Thailand (2010), Turkmenistan (2010), 
Uzbekistan (2010), Viet Nam (2010) 

TRWR 37 of 49 Cook Islands; Federated States of Micronesia; Hong Kong, China; Kiribati; Marshall Islands; 
Nauru; Niue; Palau; Samoa; Taipei,China; Tonga; Tuvalu 

Mean annual drought 
duration 

34 of 49 Federated States of Micronesia; Nauru; Niue; Solomon Islands; Taipei,China; Timor-Leste 

ADB = Asian Development Bank, TRWR = total renewable water resources. 

Source: Asian Development Bank. 
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4.3 Indicator	2	–	Agriculture	
 
Agriculture accounts for most water use in Asia and the Pacific. Water security for agriculture is 
quantified by three indicators: water productivity, self-sufficiency of agricultural production, and 
nutrient security. There are several reasons these indicators are used. Improving the productivity of 
agricultural water use can free up water supply for additional uses (within and beyond the 
agriculture sector), improving economic water security. It is likely that areas with more productive 
water use are also better equipped to cope with scarcity driven by population growth. Countries that 
satisfy a greater proportion of their agricultural good consumption from in-country sources are also 
considered more water secure for food production and nutrition, and therefore more water secure 
in general, and less vulnerable to global fluctuations in availability and price of agricultural products. 
Per capita food supply indicates the level of food security within a country and the amount that 
demand for food and water may increase in the near future to reach acceptable food supplies. 
 

4.3.1 Scoring	Methodology	
 
Sub-indicator Water Productivity in Agriculture 
Water productivity in the agriculture sector was measured by dividing agricultural GDP by a 
country’s agricultural evapotranspiration. Since total agricultural evapotranspiration is used, the 
productivity measurement captures all water used, including from soil moisture as well as any 
irrigation or recycled water. Water productivity is an actionable measure that can be managed. Non-
productive evaporation can be reduced, for example, and cropping changes can be made to crop 
types and varieties that use less water. The sub-indicator scoring bands are shown in Table 22. 
 

Table 22: Scoring Bands for Sub-indicator Water Productivity in Agriculture 

Indicator Score 
Water Productivity in Agriculture 

($/km3) 
5 greater than $1000/km3 
4 $350–$1000 per km3 
3 $200–$350 per km3 
2 $100–$200 per km3 
1 $0-$100 per km3 

km3 = cubic kilometer.  

Note: $ refers to United States dollar. 

Source: Asian Development Bank. 

 
Sub-indicator Self-sufficiency of Agricultural Production 
Self-sufficiency of water in agricultural production was measured as the annual water footprint of 
agricultural good consumption divided by the annual water footprint of agricultural good 
production. This is equivalent to calculating the trade balance of agricultural goods, considering the 
water required to produce those goods, known as the virtual water trade in agricultural goods. The 
scoring bands for the self-sufficiency sub-indicator are shown in Table 23. 
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Table 23: Scoring Bands for Sub-indicator Self-sufficiency in Agricultural Production 

Indicator Score 
Self-sufficiency in Agricultural 

Production (-/-) 
5 Less than 0.5 
4 0.5–1.0 
3 1.0–1.5 
2 1.5–3.0 
1 greater than 3 

Source: Asian Development Bank. 
 

Sub-indicator Nutrient Security 
The supply of adequate nutrition is a prerequisite for a heathy and productive workforce that can 
contribute to economic productivity. Since agriculture is the largest water user, food security is 
closely linked to water security. Any additional agriculture production needed to meet nutrient 
requirements will place additional demands on a country’s water resources. In addition, it is 
assumed that higher per capita nutrient availability can be indicative of greater resilience to risk. 
Ideally, nutrition information would be delineated by food type and income levels or other 
population groups. This would show whether nutritional needs are being met across the entire 
population or only certain groups, as this can affect economic food and water security. However, this 
analysis uses only the country’s average consumption in kilocalories per person per day compared to 
the Asia and the Pacific average—to determine the additional consumption needed to reach the Asia 
and the Pacific average. The scoring bands for this sub-indicator are shown in Table 24. 
 

Table 24: Scoring Bands for Sub-indicator Nutrient Security 

Indicator Score 

Nutrient Security 

(% of Asia-Pacific average) 

5 Asia-Pacific average or above 
4 within 10% of Asia-Pacific average 
3 within 20% of Asia-Pacific average 
2 within 30% of Asia-Pacific average 
1 more than 30% below Asia-Pacific average 

Source: Asian Development Bank. 

 

4.3.2 Data	Sources	Used	for	Indicator	Agriculture	in	Key	Dimension	2	
 
The data sources used for the agriculture indicator in KD2 are presented in Table 25. 
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Table 25: Data Sources Used for Agriculture in Key Dimension 2 

Indicator / Sub-indicator Measure Unit Data Years Database / Reference 
Water productivity Total agricultural 

production/total 
agricultural water 
depletion 

USD million/km3 2016–2018 Remote sensing analysis; 
World Bank 

Self-sufficiency Ratio of water used in 
agriculture good 
consumption to water 
used in agricultural 
good production  

 2016–2018 ADB; Hoekstra and 
Mekonnen (2012); World 
Bank 

Nutrient security Additional 
calories/capita needed 
to reach the Asia and 
the Pacific average 
consumption 

kCal/capita/day 2016–2017 FAOSTAT 

ADB = Asian Development Bank, kCal = kilocalorie, km3 = cubic kilometer, FAOSTAT = Food and Agriculture Organization of 
the United Nations (FAO) Statistics – FAO statistical database. 

Sources: Asian Development Bank; and A.Y. Hoekstra and M.M. Mekonnen. 2012. The Water Footprint of Humanity. 

Proceedings of the National Academy of Sciences. 109 (9). pp. 3232–3237. 

 

The data sources were used as follows: 
• Agricultural gross domestic product was calculated from the total GDP and agricultural 

percent of value added to GDP, from the World Bank. Because of yearly fluctuations in GDP, 
the average annual agricultural GDP over 3 years (2016–2018) was used, with similar 3-year 
averages for the indicator calculations of the previous 3-year period. 

• Agricultural evapotranspiration was calculated using remotely sensed data from satellite 
(MODIS), a global cropland extent database from the University of Maryland, and the 
Simplified Surface Energy Balance operational (SSEBop) model. Further details on this 
database and the model are given in the KD2 report (footnote 19). 

• National scale annual water footprint data on agricultural good consumption and 
agricultural good production were from Hoekstra and Mekonnen.24 Both internal and 
external water footprints were added to determine country-level total water footprint of 
agricultural good consumption and production. Given that the data from Hoekstra and 
Mekonnen was until 2005, agricultural good consumption data was extrapolated to 2013 for 
AWDO 2016 and to 2017 for AWDO 2020 based on population changes. The annual water 
footprint data on agricultural good production was extrapolated by multiplying the 2005 
country value by the ratio of the respective country’s agricultural GDP change between 2005 
and 2013 for 2013 (AWDO 2016) and between 2005 and 2017 for 2017 (AWDO 2020). 

• Population data was obtained from ADB.  
• Agricultural GDP was calculated from the total GDP and the agricultural percentage of value 

added to GDP, from the World Bank. Because of yearly fluctuations in GDP, the average 
annual agricultural GDP over 3 years (for example 2016–2018 for the 2020 KD2) was used. 

 
24 Agricultural good production excludes water footprint of grazing and animal water supply. Reference A.Y. 

Hoekstra and M. M. Mekonnen. 2012. The Water Footprint of Humanity. Proceedings of the National 

Academy of Sciences. 109 (9).  pp. 3232–3237. 
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• Food supply data was obtained from FAO Statistics – FAO statistical database in kilocalories 
per capita per day, again applying 3-year averages. However, 2018 data was not available, so 
a 2-year average of 2016 and 2017 was used for the AWDO 2020 indicator. 

 

4.3.3 Source	Data	Coverage	and	Dealing	with	Missing	Source	Data	
 

Table 26 shows the data coverage of the indicator agriculture over ADB members. For countries with 
missing source data, additional information sources have been used or assumptions made, e.g., by 
using source data from earlier years. 
 

Table 26: Source Data Coverage of Sub-indicators of Agriculture over ADB Members 

Data Set Data Coverage Missing Countries 
Agricultural GDP 42 of 49 Cook Islands; Nauru; Niue; Solomon Islands; Taipei,China; Tuvalu; 

Vanuatu 
Agricultural 
evapotranspiration 

32 of 49 Cook Islands; Federated States of Micronesia; Fiji; Hong Kong, 
China; Kiribati; Maldives; Marshall Islands; Nauru; Niue; Palau; 
Samoa; Singapore; Solomon Islands; Timor-Leste; Tonga; Tuvalu; 
Vanuatu 

Population 49 of 49  
Agricultural GDP 42 of 49 Cook Islands; Nauru; Niue; Solomon Islands; Taipei,China; Tuvalu; 

Vanuatu 
Food supply 37 of 49 Bhutan, Brunei Darussalam, Cook Islands, Federated States of 

Micronesia, Marshall Islands, Nauru, Niue, Palau, Papua New 
Guinea, Singapore, Tonga, Tuvalu 

ADB = Asian Development Bank, GDP = gross domestic product. 

Source: Asian Development Bank. 

4.4 Indicator	3	–	Energy	
 

Water security indicators in the energy sector follow the same approach as the agricultural sector, 
with indicators for water productivity in energy, self-sufficiency in energy, and energy security in the 
form of per capita energy production relative to the entire Asia and the Pacific. Greater productivity 
results in lower water requirements, which can be more easily satisfied and are, therefore, more 
secure. Higher self-sufficiency in energy production indicates greater water security, since energy is 
being generated using water resources controlled in-country and external shocks to energy supply 
are less likely to result in greater water use for the sector. Below-average per capita electricity 
production levels for Asia and the Pacific are presumed to be less water secure as growth of energy 
production may require increased water withdrawal, thus creating a stress on water storage and 
potential conflict with other water uses. Water requirements for industry, energy, and municipal use 
have historically grown much faster than agriculture as countries become industrialized. 
 

4.4.1 Scoring	Methodology	
 
Sub-indicator Water Productivity in Energy 
Water productivity of energy production was measured as electricity production (gigawatt-hours) 
divided by the quantity of water consumed (cubic kilometers) to produce that electricity. Countries’ 
total water consumption in energy generation was calculated by adding water consumed to produce 
electricity from each of the energy sources. Higher values indicate that a country is using less water 
per unit of energy generation and presumed to be more water secure as it is using water efficiently. 
The scoring bands for water productivity are shown in Table 27. 
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Table 27: Scoring Bands for Sub-indicator Water Productivity in Energy 

Indicator Score 

Water Productivity 
(electricity production in GWh 

divided by water consumed in km3) 
5 Greater than 100,000 
4 50,000–100,000 
3 25,000–50,000 
2 10,000–25,000 
1 Less than 10,000 

GWh = gigawatt-hour, km3 = cubic kilometer.  
Source: Asian Development Bank. 

 
Sub-indicator Self-sufficiency of Electricity Production 
Self-sufficiency of electricity production was measured as the electricity consumption divided by the 
electricity production. Since electricity is secondary energy and is almost always generated in the 
country in which it is used, this is not the ideal indicator of energy production self-sufficiency in an 
economy or associated water use. Imports and exports of primary energy sources used to produce 
the electricity would allow for a better indication of electricity (and energy) self-sufficiency. 
However, there are significant source data gaps on primary energy imports and exports, while 
electricity production data is more readily available and is consistent with the electricity focus of the 
other sub-indicators. Moving to primary energy trade in the next AWDO would be an improvement. 
The scoring bands for the sub-indicator are shown in Table 28. 
 

Table 28: Scoring Bands for Sub-indicator Self-sufficiency of Electricity Production 

Indicator Score 

Self-sufficiency 
(electricity production / electricity 

consumption) 
5 Less than 0.5 
4 0.5–1.0 
3 1.0–1.5 
2 1.5–3.0 
1 greater than 3.0 

Source: Asian Development Bank. 

 
Sub-indicator Energy Security 
Per capita energy security is the additional electricity production per capita necessary to reach the 
Asia and the Pacific average. This indicator is treated similarly to nutrient security in the agriculture 
sector. Any additional electricity production needed to meet average electricity use will place 
additional demands on a country’s water resources. Higher per capita energy availability is assumed 
to be indicative of greater resilience to risk. The scoring bands for energy security are in Table 29. 
 

Table 29: Scoring Bands for Sub-indicator Energy Security 

Indicator Score 
Energy Security 

(% of Asia-Pacific average) 
5 Asia-Pacific average or above 
4 within 10% of Asia-Pacific average 
3 within 20% of Asia-Pacific average 
2 within 30% of Asia-Pacific average 
1 more than 30% below Asia-Pacific average 

Source: Asian Development Bank. 
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4.4.2 Data	Sources	Used	
 
The basic data sources used for the sub-indicators of energy in KD2 are given in Table 30.  
 

Table 30: Data Sources Used for Energy in Key Dimension 2 

Indicator / Sub-indicator Measure Unit Data Years Database / Reference 
Water productivity GWh production/water 

consumption 
GWh/km3  Gerbens-Leenes et al. (2008); 

Intergovernmental Panel on 
Climate Change (2012); IEA 
(2019); Mekonnen et al. 
(2015) 

Self-sufficiency Electricity 
consumption/electricity 
production 

-/- 2016–2018 ADB 

Energy security Additional installed 
capacity needed to 
raise per capita 
electricity 
production/Asia and 
the Pacific average 

-/- 2016–2018 ADB 

ADB = Asian Development Bank, GWh = gigawatt-hour, km3 = cubic kilometer.  
Sources: Asian Development Bank; P.W. Gerbens-Leenes, A.Y. Hoekstra, and T.H. Meer. 2008. Water Footprint of Bio-

Energy and Other Primary Energy Carriers. Research Report Series No. 29. Delft, Netherlands: UNESCO-IHE Institute for 

Water Education; Intergovernmental Panel on Climate Change. 2012. Renewable Energy Sources and Climate Change 

Mitigation: Special Report of the Intergovernmental Panel on Climate Change. Cambridge, UK: Cambridge University Press; 

International Energy Agency (IEA). 2015. Statistics. http://www.iea.org/statistics/statisticssearch (accessed 24 June 2015); 

IEA. 2019. Key world energy statistics 2018. https://www.iea.org/statistics/; and M.M. Mekonnen, P.W. Gerbens-Leenes, 
and A.Y. Hoekstra. 2015. The Consumptive Water Footprint of Electricity and Heat: A Global Assessment. Environmental 

Science: Water Research & Technology. 1 (3). pp. 285–297. 

 
The data sources were used as follows: 

• Electricity production source data was from the International Energy Agency, which 
contained the most detailed data from 2012 on countries’ electricity production from 13 
sources.25 The sources were: coal, oil, gas, biofuels, waste, nuclear, hydropower, 
geothermal, solar photovoltaic, solar thermal, wind, tide, and an “other sources” category. 

• Water consumption for electricity production was calculated using indicative quantities of 
water consumption of the energy sources used in production (Gerbens-Leenes;26 
Intergovernmental Panel on Climate Change (IPCC);27 Mekonnen28). For consistency in 
calculations, the following assumptions were made:  

o Water consumption of energy production from waste was considered 0.  

 
25 Data was available for 30 countries. No data was available for Afghanistan, Bhutan, Cook Islands, Fiji, Kiribati,  
Lao PDR, Maldives, Marshall Islands, Micronesia, Nauru, Niue, Palau, Papua New Guinea, Samoa, Solomon 
Islands, Timor-Leste, Tonga, Tuvalu, and Vanuatu.  
26 P.W. Gerbens-Leenes, A.Y. Hoekstra, and T.H. Meer. 2008. Water Footprint of Bio-Energy and Other Primary 
Energy Carriers. Value of Water Research Report Series. No. 29. Delft, the Netherlands: UNESCO-IHE Institute 
for Water Education. 
27 Intergovernmental Panel on Climate Change (IPCC). 2012. Renewable Energy Sources and Climate Change 
Mitigation: Special Report of the Intergovernmental Panel on Climate Change. New York: Cambridge University 
Press. 
28  M.M. Mekonnen., P.W. Gerbens-Leenes, and A.Y. Hoekstra. 2015. The Consumptive Water Footprint of 
Electricity and Heat: A Global Assessment. Environmental Science: Water Research & Technology. 1 (3). pp. 285–
297. 
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o The median water consumption rather than the lowest or highest values was used to 
calculate water footprints of energy derived from coal, gas, nuclear, geothermal, 
solar photovoltaic, solar thermal, and wind sources.  

o Water consumption for energy generation from biofuels (described by the 
International Energy Agency only as the total of solid biofuels and biogas) was 
assumed to be equal to the water consumption for energy generation from biomass, 
and the water footprint for biomass-derived energy (average data from Brazil, 
Netherlands, United States, and Zimbabwe) was from Gerbens-Leenes (footnote 26).  

o Water consumption for hydropower is affected by the reservoir design, climate, and 
allocation to other uses. For a more globally reflective average of water 
consumption of hydroelectricity, the median IPCC values were used in calculations 
(footnote 27). 

o Electricity generated from the unspecified “other sources” was removed from 
calculations, which may have affected the results for three countries that had data 
for this category: Japan, New Zealand, and the Republic of Korea.  

• Electricity production and consumption statistics are from ADB’s Key Indicator Database;29 
3-year averages were employed. 

• Population data was obtained from ADB. 
 

4.4.3 Source	Data	Coverage	and	Dealing	with	Missing	Source	Data	
 
Table 31 shows the data coverage of the energy indicator over ADB members. For countries with 
missing data, additional information sources have been used or assumptions made, e.g., by using 
data from earlier years. 
 

Table 31: Source Data Coverage of Sub-indicators of Energy over ADB Members 

Data Set Data Coverage Missing Countries 
Electricity 
production 

30 of 49 Afghanistan, Bhutan, Cook Islands, Federated States of Micronesia, Fiji, 
Kiribati, Lao PDR, Maldives, Marshall Islands, Nauru, Niue, Palau, Papua 
New Guinea, Samoa, Solomon Islands, Timor-Leste, Tonga, Tuvalu, 
Vanuatu 

Electricity 
production 
and 
consumption 

43 of 49 countries have 
both electricity production 
and consumption for 
2016–2018 

Niue and Tuvalu have only electricity consumption data, and Viet Nam 
has only production data 
Exceptions:  
For Cambodia and Lao PDR, used 2012–2014 average  
For Japan, used 2015 values 

Electricity 44 of 49 countries have 
electricity production for 
2016–2018 

Niue and Viet Nam  
Exceptions: 
For Cambodia and Lao PDR, used 2012–2014 average 
For Japan, used 2015 values 

Population 49 of 49  
ADB = Asian Development Bank. 
Source: Asian Development Bank. 
 
 
 
 

 
29 ADB. Key Indicators Database. https://kidb.adb.org. 
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4.5 Indicator	4	-	Industry	
 
Indicators for water security in the industrial sector follow the same approach as the agricultural and 
energy sectors with those for water productivity in industry, self-sufficiency in energy, and industry 
security in the form of per capita energy production relative to the entire Asia and the Pacific. 
 

4.5.1 Scoring	Methodology	
 
Sub-indicator Water Productivity in Industry 
Water productivity in industrial production was measured as industrial production in USD divided by 
industrial water withdrawals (cubic kilometers). Higher values indicate that a country is using less 
water per dollar of industrial output and should be more water secure as it is using water efficiently. 
The scoring bands for the sub-indicator are shown in Table 32. 
 

Table 32: Scoring Bands for Sub-indicator Water Productivity in Industry 

Indicator Score Water Productivity ($/km3) 
5 greater than $50,000 per km3 
4 $20,000–$50,000 per km3 
3 $5,500–$20,000 per km3 
2 $2,100–$5,500 per km3 
1 less than $2,100 per km3 

km3 = cubic kilometer. 
Note: $ refers to United States dollar. 
Source: Asian Development Bank. 

 
Sub-indicator Self-sufficiency of Industrial Production 
Self-sufficiency of industrial production was calculated as the industrial trade deficit (import of 
industrial goods minus export of industrial goods in USD) divided by the total GDP. Industrial trade 
was considered to be any trade in non-agricultural goods. Three-year averages were used to capture 
some of the annual variability in GDP and trade. The scoring bands for the sub-indicator are shown 
in Table 33. 
 

Table 33: Scoring Bands for Sub-indicator Self-Sufficiency of Industrial Production 

Indicator Score 
Self-sufficiency 

(trade deficit in % GDP) 
5 trade surplus 
4 trade deficit up to 10% of GDP 
3 trade deficit up to 20% of GDP 
2 trade deficit up to 30% of GDP 
1 trade deficit more than 30% of GDP 

GDP = gross domestic product.  
Source: Asian Development Bank. 

 
Sub-indicator Industrial Security 
Per capita industrial security is the additional per capita industrial production necessary to reach the 
Asia and the Pacific average. This indicator is treated similarly to both the nutrient and energy 
security indicators. Any additional industrial production needed to meet the Asia and the Pacific 
average will place additional demands on a country’s water resources. Higher industrial production 
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is also assumed to be indicative of greater resilience to risk. The scoring bands for industrial security 
are shown in Table 34. 
 

Table 34: Scoring Bands for Sub-indicator Industrial Security 

Indicator Score Industrial Security (% Asia-Pacific average) 
5 Asia-Pacific average or above 
4 within 10% of Asia-Pacific average 
3 within 20% of Asia-Pacific average 
2 within 30% of Asia-Pacific average 
1 more than 30% below Asia-Pacific average 

Source: Asian Development Bank. 

 
4.5.2 Data	Sources	Used	for	Indicator	Industry	of	Key	Dimension	2	

 
The basic data sources used for the sub-indicators of the industry indicator in KD2 are given in Table 
35.  
 

Table 35: Data Sources Used for the Industry Sub-indicators in Key Dimension 2 

Sub-indicator Measure Unit Data Years Database / Reference 
Water productivity Industrial GDP/industrial 

withdrawal 
USD 

million/km3 
2016–2018 AQUASTAT; World Bank 

Self-sufficiency Trade deficit in industrial 
goods 

USD 2016–2018 ADB; FAOSTAT; World Bank 

Industry security Additional industrial output 
needed to raise per capita 
industrial GDP to Asia and the 
Pacific average 

USD 2016–2018 ADB; World Bank 

ADB = Asian Development Bank, AQUASTAT = Aqua Statistics – FAO’s Global Information System on Water and 

Agriculture, FAO = Food and Agriculture Organization of the United Nations, FAOSTAT = FAO Statistics – FAO statistical 
database, GDP = gross domestic product, km3 = cubic kilometer.  

Source: Asian Development Bank. 

 
The data sources were used as follows: 

• Industrial GDP was calculated using World Bank data for total GDP and the industrial value 
added to GDP (%). Because of yearly fluctuations in GDP, the average annual GDP—and 
industrial value added—over 3 years (2016–2018) was used. 

• Water withdrawals for industry were from AQUASTAT. 
• GDP data was taken at market prices and local currencies from ADB’s Key Indicator Database 

and used to calculate imports and exports of all goods as a percentage of GDP (footnote 29).  
GDP in USD from the World Bank was used to calculate trade deficit in industrial goods (once 
agricultural trade was subtracted) as a percentage of GDP. Three-year averages were used 
for each set of data. 

• Exports and imports of goods at market prices were obtained from ADB’s Key Indicator 
Database. Goods imports and goods exports as a percentage of GDP were calculated using 
this data with the comparable GDP data from ADB. Total exports and imports of goods in 
USD were then calculated by multiplying the import and export percentages by the GDP in 
USD from the World Bank.  
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• Agricultural import and export values in USD were from FAOSTAT. These values were 
subtracted from total imports and exports of goods in USD. The result was used for the value 
of industrial imports and exports. 

• Industrial GDP statistics were from ADB’s Key Indicator Database.  
• Population data was also from ADB’s Key Indicator Database. 

 
4.5.3 Source	Data	Coverage	and	Dealing	with	Missing	Source	Data	

 
Table 36 gives an overview of the data coverage for the industry indicator over ADB members. For 
countries with missing data, additional information sources have been used or assumptions made, 
e.g., by using data from earlier years. 
 

Table 36: Data Coverage of Sub-indicators of Industry over ADB Members 

Data Set Data 
Coverage 

Missing Countries 

Industrial GDP 39 of 49  
 
 

Cook Islands; Niue; Solomon Islands; Taipei,China 
Exceptions: 
For Federated States of Micronesia, Nauru, Samoa, Turkmenistan, Tuvalu, and Vanuatu, 
the 2015 industrial value-added GDP was used. 

Industrial water 
withdrawal 

10 of 49 Cook Islands; Federated States of Micronesia; Hong Kong, China; Kiribati; Marshall 
Islands; Nauru; Niue; Palau; Samoa; Solomon Islands; Taipei,China; Tonga; Tuvalu; 
Vanuatu 
Exceptions – Data from earlier years was used for: 
Afghanistan (2005), Bangladesh (2008), Bhutan (2008), Brunei Darussalam (2009), 
Cambodia (2006), Fiji (2005), Georgia (2005), India (2010), Japan (2009), Kyrgyz Republic 
(2006), Lao PDR (2003), Malaysia (2005), Maldives (2008), Myanmar (2005), Nepal 
(2005), New Zealand (2006), Pakistan (2005), Papua New Guinea (2005), Singapore 
(2005), Sri Lanka (2005), Tajikistan (2006), Thailand (2007), Timor-Leste (2004), 
Turkmenistan (2004), Viet Nam (2005) 

GDP (ADB) 49 of 49   
GDP (World 
Bank) 

43 of 49 Cook Islands; Niue; Taipei,China 
Exceptions:  
For Federated States of Micronesia and Samoa, the 2015 value was used. 

Agriculture 
import and 
export 

46 of 49 Federated States of Micronesia; Marshall Islands; Palau 

Exports and 
imports of 
goods 

29 of 49 Bangladesh; Cook Islands; Federated States of Micronesia; Kiribati; Lao PDR; Maldives; 
Myanmar; Nauru; Niue; Pakistan; Papua New Guinea; People's Republic of China; 
Samoa; Sri Lanka; Taipei,China; Tajikistan; Turkmenistan; Tuvalu; Vanuatu; Viet Nam 

Industrial GDP 39 of 49  
 
 

Cook Islands; Niue; Solomon Islands; Taipei,China 
Exceptions: 
For Federated States of Micronesia, Nauru, Samoa, Turkmenistan, Tuvalu, and Vanuatu, 
the 2015 industrial value-added GDP value was used. 

Population 49 of 49  
ADB = Asian Development Bank, GDP = gross domestic product.   
Source: Asian Development Bank. 

 

4.6 Overall	Assessment	of	Economic	Water	Security	in	the	AWDO	2020	
 
The methodology applied for KD2 was designed to be simple and consistent with previous AWDO 
reports, using readily available source data sets that are continuously maintained. However, this 
approach has limitations. The KD2 report describes these limitations and provides suggestions to 
improve the methodology for the next AWDO. The main points mentioned include the following: 
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• Ideally, information on the demand and supply for water and the costs involved in the 
production process would be included. Indicators could then provide more direct 
measurements and estimates of the extent to which economic growth and well-being are 
being constrained due to quality, availability, delivery, risk, and productivity of water 
resources. Such information is not sufficiently available and is too detailed to be considered 
in an exercise such as AWDO. The KD2 indicators are less direct proxies for economic water 
scarcity and security. 

• The main limitation of the current approach is that, even in using a proxy approach, source 
data are often missing for individual countries or are insufficiently updated. 

• Economic costs and values are not considered directly in the current KD2 framework but are 
inferred through water productivity and trade balances. While environmental flows are 
included as a demand for water, the costs of providing environmental flows are not 
considered directly but are considered indirectly through the water stress indicators. Other 
aspects of water quality and the costs of providing water of the right quality for demands 
could not be explicitly considered. KD4, however, does assess water and environmental 
quality risks to water security in more detail. 

• While the KD2 framework includes indicators of water resource variability and risk (and the 
infrastructure required to manage them), they do not directly assess the costs of 
catastrophes or of managing the risk. This is partly done to avoid overlap with KD5.  

• Although water withdrawals are compared to water availability in the current framework, 
full water balances are not performed that would indicate the degree of water reuse and 
therefore the availability of water in time, space, and quality—and the costs of supplying the 
available water, whether from a new source or reused. The calculation of water productivity 
is therefore overly simplified, as is the use of water footprinting for some of the indicators. 
While changes in agriculture water productivity are considered, for example, the calculation 
of agricultural water withdrawals used in other indicators fixes water use efficiency, when 
this is something management should be able to change to improve water security. Water 
use efficiency and productivity estimates could improve if more ground data was available. 

• Most limitations of the current KD2 framework can be overcome with improved monitoring, 
and availability of data. Monitoring being done for the Sustainable Development Goals 
(SDGs) will help, as SDG indicator data becomes more available. SDG 6.4.2 on water stress, 
6.4.1 on water use efficiency, and 6.5.1 on integrated water resource management 
indicators already overlap. The energy indicators of SDG 7 and industry indicators in SDGs 8 
and 9 are different to those used in KD2, but KD2 could be adapted to use these as data for 
the SDG indicators becomes more comprehensive.  
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5 Key	Dimension	3:	Urban	Water	Security	
 

 
KD3 measures the extent to which ADB members provide safely managed and affordable water and 
sanitation services for their urban communities to achieve desired outcomes sustainably. 
 
The KD3 score is composed of the following indicators: 

• Indicator 1: Water supply—percentage of population in each drinking water service 
ladder (footnote 4) 

• Indicator 2: Sanitation—percentage of population in each sanitation service ladder 
(footnote 5)  

• Indicator 3: Affordability—percentage of costs divided by expenditure  
• Indicator 4: Drainage—percentage of economic damage due to floods and storms 

divided by GDP  
• Indicator 5: Environment—taken from KD4 (environmental water security) 

 
The approach to quantify KD3 is developed and populated by the International WaterCentre, Griffith 
University. The final KD3 report contains a detailed description of the 2020 application.30 The 
calculated scores for all indicators and for the KD for all 49 ADB members are given in Appendix 3, 
Table A3.3:  of this methodology report. Table A3.3 includes the scores for AWDO 2020 as well as for 
AWDO 2013 and AWDO 2016, recalculated with the AWDO 2020 methodology. The impact of the 
recalculation of the new methodology is discussed in Chapter 9. 
 

5.1 Assessment	Framework	for	Key	Dimension	3	
 
As in AWDO 2016, the assessment methodology for KD3 was informed by many references, 
including the Water Sensitive Cities Framework developed by Brown et al. as shown in Figure 11.31 
The framework—relevant to cities pursuing increasing states of sustainability—is for transitioning to 
“water sensitive cities,” or moving toward a more sustainable water future. Under this framework, a 
water sensitive city is “a city that integrates water supply, sewerage, stormwater, and the built 
environment; a city that respects the value of urban waterways; and a city whose citizens value 
water and the role it plays in sustaining the economy, environment, and society.” The framework 
outlines the steps towards a Water Sensitive City via a nested continuum of different city states, 
rather than a direct and straightforward step.  

 
30 ADB and International WaterCentre. KD3 Urban Water Security – Final Report. International WaterCentre, 
Griffith University (forthcoming). 
31 R. Brown, N. Keath, and T. Wong. 2009. Urban water management in cities: historical, current and future 
regimes. Water Science and Technology. 59 (5). pp. 847–855. 

 Key Dimension 3: Urban Water Security 
The extent to which ADB members provide safely managed and affordable water and sanitation 
services for their urban communities to sustainably achieve desired outcomes. 
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Figure 11: Water Sensitive Cities Framework 

 

Source: R. Brown, N. Keath, and T. Wong. 2009. Urban water management in cities: historical, current and future regimes. 

Water Science and Technology. 59 (5). pp. 847–855. 

 
5.1.1 Key	Dimension	3	Assessment	Framework	for	AWDO	2020	

 
The AWDO assessment framework for KD3 aligns with the Water Sensitive Cities approach (Figure 
12). The first three indicators are scored between 1 and 5 against predefined criteria based on their 
original source data. The fourth indicator (drainage and/or floods) is taken from KD5. The fifth 
indicator (environment) is taken from KD4 and was added to include environmental water quality in 
the urban environment. To avoid double-counting in the overall water security score, a maximum 
value of 1 is given to both the fourth and fifth indicators. The KD3 report contains further 
background on the approach (footnote 30).  
 
The KD3 2020 methodology included the development of a risk index. The risk index is a companion 
to KD3 that assesses risk to future urban water security. It has been calculated for AWDO 2020 for 
countries where data is available for: urban growth (% per annum), water consumption (liters per 
person per day), nonrevenue water (% of volume delivered compared to volume sourced), and 
energy costs (% of total operating costs). The risk index may be expanded in future AWDOs as more 
data becomes available, including the consideration of additional risk elements and coverage of 
more countries. The KD3 report includes further information on this risk index. 
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Figure 12: Assessment Framework for Urban Water Security (Key Dimension 3) 

 
GDP = gross domestic product, KD = key dimension, l/p.d = liter per person per day, WS = water security.  

Source: Asian Development Bank. 

 
5.1.2 Changes	Compared	to	Key	Dimension	3	Framework	in	AWDO	2016	

 
The AWDO 2020 method is closely aligned with the AWDO 2016 method. The following 
enhancements were made to the 2020 method:  

• The inputs and scoring criteria for the Water Supply Indicator and Sanitation Indicator 
(previously the Wastewater Indicator) were reshaped to align with improved data sets. 

• A new sub-indicator for affordability was included. 
• The scoring for the Drainage Indicator was aligned with the Environment Indicator with both 

scaled from zero to one, using a five-point scale. 
• The urban growth factor was removed from assessment of urban water security and 

integrated into a developing risk index that aims to better understand risks to future urban 
water security. 

 
The KD3 assessment in AWDO 2020 also included an attempt to provide a data quality score against 
all indicators of KD3 to offer further guidance on potential risks embedded within the source data 
set. For each ADB member and for each indicator, an assessment was made of the quality of the 
source data used in AWDO 2020. The categories in source data quality were high, medium, low, and 
unavailable. This source data quality score was added to the scores of KD3. The KD3 report includes 
further information on these quality scores. 
 

5.2 Indicator	1	–	Water	Supply	
 

5.2.1 Scoring	Methodology	
 
The Water Supply Indicator in the AWDO 2020 method closely aligns with the Water Supply 
Indicator from AWDO 2016 but presents a more comprehensive assessment of urban drinking water 
security due to access to improved source data. The sub-indicator is based on the data and approach 
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contained in the Joint Monitoring Programme (JMP) water, sanitation, and hygiene (WASH) service 
ladders for drinking water (footnote 10). In contrast to the data set used for the 2016 method, which 
implemented urban piped water supply (%) as a surrogate indicator for water supply, the current 
JMP WASH data set considers several factors to assess safe drinking water supply. These factors 
include the accessibility (location of water supply and time to collect), availability (times when 
insufficient water was available), and quality of drinking water (based on E. coli analyses). The data 
provides an estimated breakdown of the percentage coverage for the urban population according to 
the service levels achieved. A “raw score” for water supply was calculated by weighting each service 
level by its corresponding population coverage (Table 37), which was then banded to derive the 
respective cut offs for the Water Supply Indicator (Table 38). Consistent with SDG 6.1, the target for 
water supply management is “safely managed.” Safely managed drinking water is defined as 
“drinking water from an improved water source that is located on premises, available when needed 
and free from faecal and priority chemical contamination” (footnote 10). 
 

Table 37: Example Calculation for Water Supply Indicator 

Service Level (Urban) Multiplier Percent of Population at 
Level (%) 

Indicator Score 
(multiplier x % pop) 

Safely managed  4 92.33 3.70 

Basic 3 5.38 0.16 

Limited  1 0.21 0.00 

Unimproved 0 1.63 0.00 

Surface water  0 0.45 0.00 

 Total 100.00 3.86 
Source: Asian Development Bank. 

 
Table 38: Banding Criteria for the Water Supply Indicator 

Indicator Score Bands 
Water Supply Indicator 

Low High 

3.50 4.00 5 

3.25 3.50 4 

3.00 3.25 3 

2.75 3.00 2 

0.00 2.75 1 
Source: Asian Development Bank. 

 

5.2.2 Data	Sources	Used	for	Indicator	Water	Supply	in	Key	Dimension	3	
 
The key data sources used for the calculation of the indicator are provided in Table 39. Appendix A 
of the KD3 report contains a full list of source data used for this indicator. 
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Table 39: Data Sources Used for the Indicator Water Supply in Key Dimension 3 

Indicator / Sub-
indicator 

Measure Unit Data Years Database / Reference 

Water supply Water supply service level for urban 
for safely managed, basic, limited, 
unimproved, and surface water  

% 2013a 

2016b 
2017c 

Joint Monitoring Programme 
(2019) 

a Data year used for evaluating indicators for Asian Water Development Outlook (AWDO) 2013 Adjusted.   
b Data year used for evaluating indicators for AWDO 2016 Adjusted.   
c Data year used for evaluating indicators for AWDO 2020. 

Sources: Asian Development Bank; and Joint Monitoring Programme. 2019. Progress on household drinking water, 

sanitation and hygiene 2000–2017.  

 
5.2.3 Source	Data	Coverage	and	Dealing	with	Missing	Source	Data		

 
Appendix A of the KD3 report describes the specialist data used to augment the primary data 
sources provided (Table 40). 
 

Table 40: Summary of Data Coverage Water Supply Indicator in Key Dimension 3 

Indicator Data Coverage 
Water supply 41/49 countries (urban) 

48/49 countries (national)a 
a Data coverage for “at least basic” service level.   

Source: Asian Development Bank. 
 

5.3 Indicator	2	–	Sanitation	
 

5.3.1 Scoring	Methodology	
 
The Sanitation Indicator included in the AWDO 2020 method closely aligns with the Wastewater 
Indicator from AWDO 2016 but presents a more comprehensive assessment of urban wastewater 
and sanitation security due to access to improved source data. The sub-indicator is based on the 
data and approach contained in the JMP WASH service ladder for sanitation. As opposed to the 
source data set used in the AWDO 2016 method, which comprised empirical and derived data to 
estimate the percentage of the population with access to a sewerage collection network (at a 
country level), the current source data set considers several factors to assess the safe management 
of human excreta. These factors include the location of facilities, need for emptying of on-site 
facilities, and treatment and disposal of solids and wastewater.32 The data provides an estimated 
breakdown of the percentage coverage for the urban population according to the service levels 
achieved. The method for calculating the Sanitation Indicator followed the same approached 
outlined for the Water Supply Indicator including using the weightings presented in Table 37 and the 
bandings presented in Table 38.  
 
Consistent with SDG 6.2, the target for sanitation management is “safely managed.” Safely managed 
sanitation is defined as the “use of improved facilities that are not shared with other households and 
where excreta are safely disposed of in situ or transported and treated offsite.”  

 
32 WHO and UNICEF. 2018. Core questions on water, sanitation and hygiene for household surveys: 2018 Update. 
New York: UNICEF and WHO. 
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5.3.2 Data	Sources	Used	
 
The key data sources used to calculate the sub-indicators are provided in Table 41. Appendix A of 
the KD3 report contains a full list of data used for this indicator. 
 

Table 41: Data Sources Used for the Indicator Sanitation in Key Dimension 3 

Indicator / Sub-indicator Measure Unit Data Years Database / Reference 
Sanitation Sanitation service level 

for urban coverage for 
safely managed, basic, 
limited, unimproved, 
and open defecation 

% 2013a 

2016b 
2017c 

Joint Monitoring Programme 
(2019) 

a Data year used for evaluating indicators for Asian Water Development Outlook (AWDO) 2013 Adjusted.   
b Data year used for evaluating indicators for AWDO 2016 Adjusted.   
c Data year used for evaluating indicators for AWDO 2020. 
Sources: Asian Development Bank; and Joint Monitoring Programme. 2019. Progress on household drinking water, 

sanitation and hygiene 2000–2017. 

 

5.3.3 Source	Data	Coverage	and	Dealing	with	Missing	Source	Data	
 
Appendix A of the KD3 report describes the data used to augment the primary data sources provided 
as shown in Table 42. 
 

Table 42: Summary of Source Data Coverage of the Indicator Sanitation in Key Dimension 3 

Indicator Data Coverage 
Sanitation 41/49 countries (urban) 

48/49 countries (national) 
Source: Asian Development Bank. 

 

5.4 Indicator	3	–	Affordability	
 

5.4.1 Scoring	Methodology	
 
The Affordability Indicator was not included in the assessment of urban or household water security 
in AWDO 2016. It was developed to maintain consistency with SDG 6.1 to “achieve universal and 
equitable access to safe and affordable drinking water for all.” 
 
This sub-indicator assesses affordability of drinking water services aligned with the safely managed 
target. The method is based on the ratio of costs to supply safely managed water services to urban 
communities compared to income over expenditure on a household basis. Costs include both 
operating and annualized capital costs. The operating costs consider: the resources needed to 
provide the safely managed drinking water service according to regulations; and the costs associated 
with the ongoing protection and monitoring of water sources, water treatment and distribution, and 
continuous education activities. The annualized capital costs are associated with the refurbishment 
or replacement of infrastructure to maintain service capability, where the “baseline” service delivery 
mechanism is represented by reticulation (piped) infrastructure.  
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This sub-indicator does not consider future capital costs associated with the construction of 
infrastructure to achieve an enhanced service delivery standard (such as moving from “less than 
safely managed” to “safely managed” or expanding the coverage of networks) where these costs 
may be considered a risk to future urban water security. The raw scores for this sub-indicator were 
banded into an indicator from one to five using the conversions presented in Table 43. Further 
details on the methodology for the affordability indicator in KD3 are given in Appendix A of the KD3 
report. This methodology differs from that used to calculate affordability in KD1. 
 

Table 43: Banding Criteria for the Affordability Indicator 

Indicator Score Bands 
(Cost/expenditure (%)) 

Affordability Indicator 
Score 

<0.500% 5 

0.500%–1.000% 4 

1.001%–2.000% 3 

2.001%–3.000% 2 

>3.000% 1 
Source: Asian Development Bank. 

 

5.4.2 Data	Sources	Used	
 
The key data sources used for the calculation of the sub-indicators are shown in Table 44. Appendix 
A of the KD3 report contains a full list of data used for this indicator. 
 

Table 44: Data Sources Used for Indicator Affordability in Key Dimension 3 

Indicator Measure Unit Data Years Database / Reference 
Affordability Equivalent annual costs for 

urban safely managed water 
and sanitation services 

USD/capita 2015 
 
 

Hutton and Varughese, 
2016 
 

Consumer prices indexes  2013, 2016, 
2017 

ADB, 2019 
 

Household final consumption 
expenditures 

% of GDP 2013, 2016, 
2017 

ADB, 2019 
 

GDP, PPP  Current international 
USD/capita 

2013, 2016, 
2017 

ADB, 2019 
 

Consumptive household 
expenditure  

Current international 
USD/capita 

2010–2016 HIES reports 

ADB = Asian Development Bank, GDP = gross domestic product, HIES = Household Income and Expenditure Survey, PPP = 
purchasing power parity.  

Sources: Asian Development Bank. 2019. Member Fact Sheets. ADB Data Library. http://data.adb.org; G. Hutton and M. 

Varughese. 2016. The Costs of Meeting the 2030 Sustainable Development Goal Targets on Drinking Water, Sanitation, and 

Hygiene. World Bank, Washington, DC. 

 

5.4.3 Source	Data	Coverage	and	Dealing	with	Missing	Source	Data	
 
Appendix A of the KD3 report describes the specialist data used to augment the primary data 
sources provided in Table 45. 
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Table 45: Summary of Coverage of Primary Data Sources of the Indicator Affordability in Key Dimension 3 

Indicator Primary Source Data Used Source Data Coverage 
Affordability (i) World Bank: equivalent annual costs for urban safely 

managed water and sanitation services (USD/capita) 

(ii) ADB: consumer price indexesa 

(iii) ADB: household final consumptive expenditure (% of 
GDP) 

(iv) ADB: GDP, PPP (current international USD/capita) 

(v) HIES Reports: consumptive household expenditure 
(current international USD/capita)b 

(i) 41/49 countries (urban)                                          

(ii) 43/49 countries 

(iii) ~37/49 countries  

 

(iv) 48/49 countries  

(v) 8/49 countries 

ADB = Asian Development Bank, GDP = gross domestic product, HIES = Household Income and Expenditure Survey, PPP = 

purchasing power parity. 
a World Bank consumer price index (annual %) data used to fill data gaps in Affordability (ii).   
b HIES reporting used to fill data gaps in Affordability (iii).  

Source: Asian Development Bank. 

 

5.5 Indicator	4	–	Drainage	
 

5.5.1 Scoring	Methodology	
 
The AWDO 2020 method for the Drainage Indicator aligns broadly with the approach implemented 
in AWDO 2016. This sub-indicator assesses the cumulative economic damages caused by floods and 
storms over a 15-year period using historical data from the Emergency Events Database (EM-DAT).33 
The economic impacts are expressed as a fraction of gross domestic product (GDP) by using national 
population data from JMP and GDP data from ADB (footnote 10).34  
 
The Drainage Indicator was evaluated as a national measure since the economic damages presented 
by EM-DAT were not differentiated on an urban basis. Consequently, the Drainage Indicator was 
identified as a secondary component of urban water security in the AWDO 2020 method, and its 
final bandings were expressed using a zero to one scale (Table 46) to decrease its contribution in the 
overall KD3 indicator relative to water supply, sanitation, and affordability. To maximize granularity, 
a five-point scale was adopted within the zero to one band.  
 

Table 46: Banding Criteria for the Drainage Indicator 

Drainage Indicator Score Bands 
(Flood and Storm Damages, 

% of GDP) 
Drainage Indicator 

<0.25% 1.00 

0.25%–1.00% 0.75 

1.00%–2.00% 0.50 

2.00%–4.00% 0.25 

>4.00% 0.00 
GDP = gross domestic product.  

Source: Asian Development Bank. 

 
33 EM-DAT. The International Disaster Database, Centre for Research on the Epidemiology of Disasters - CRED. 
http://www.emdat.be/database (accessed 25 February 2019). 
34 ADB. 2019. ADB Member Fact Sheets. ADB Data Library. http://data.adb.org. 
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5.5.2 Data	Sources	Used	for	Indicator	Drainage	in	Key	Dimension	3	
 
The key data sources used to calculate the sub-indicators are provided in Table 47. Appendix A of 
the KD3 report contains a full list of data used for this indicator. 
 

Table 47: Data Sources Used for Water Supply and Sanitation in Key Dimension 3 

Indicator Measure Unit Data Years Database / Reference 
Drainage Flood, storm damages 

 
 

USD 1999–2013 
2002–2016 
2005–2019 

EM-DAT, 2019 
 

Population 
 

No. 2013, 2016, 
2017 

JMP, 2019 

GDP, PPP Current 
international 
USD/capita 

2013, 2016, 
2017 

ADB, 2019 

ADB = Asian Development Bank, GDP = gross domestic product, EM-DAT = Emergency Events Database, JMP = Joint 

Monitoring Programme, PPP = purchasing power parity, USD = United States dollar.  

Sources: Asian Development Bank; EM-DAT. The International Disaster Database, Centre for Research on the 
Epidemiology of Disasters. http://www.emdat.be/database (accessed 25 February 2019); Joint Monitoring 

Programme (JMP). 2019. Progress on household drinking water, sanitation and hygiene 2000–2017; and Asian 

Development Bank (ADB). 2019. ADB Member Fact Sheets. ADB Data Library. http://data.adb.org. 

 
5.5.3 Source	Data	Coverage	and	Dealing	with	Missing	Source	Data	

 
Appendix A of the KD3 report describes the specialist data used to augment the primary data 
sources shown in Table 48. 
 

Table 48: Summary of Data Coverage of Primary Data Sources of the Indicator Drainage in Key Dimension 3 

Indicator Primary Source Data Used Source Data Coverage 
Drainage (i) EM-DAT: flood and storm damages ('000 USD)  

(ii) JMP: population  

(iii) ADB: GDP, PPP (current international USD/capita) 

(i) 45/49 countries  

(ii) 48/49 countries 

(iii) See Affordability 
ADB = Asian Development Bank, GDP = gross domestic product, EM-DAT = Emergency Events Database, JMP = 

Joint Monitoring Programme, PPP = purchasing power parity, USD = US dollar. 
Source: Asian Development Bank. 
 

5.6 Indicator	5	–	Environment	
 

5.6.1 Scoring	Methodology	
 
The Environment Indicator in the AWDO 2020 method aligns with the River Health Indicator in 
AWDO 2016 and aims to account for the contribution of river management to the management of 
urban source water supplies and associated urban water security. In AWDO 2016, the River Health 
Indicator was one of the three sub-indicators contained within KD4’s Environmental Water Security 
Indicator (the other two were hydrological alteration and environment governance). In AWDO 2020, 
the KD4 method was reworked and the River Health Sub-Indicator was no longer included; KD3 has 
replaced the River Health Sub-Indicator with the overall KD4 Environmental Water Security score. 
The sub-indicator has been re-named to align with the new, more comprehensive Environment 
Indicator. 
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The KD4 Environment Water Security indicator is calculated on a national rather than urban basis. 
Consequently, the KD3 Environment sub-indicator was identified as a secondary component of 
urban water security in the AWDO 2020 method. As with the Drainage Indicator, the final bandings 
have been expressed using a zero to one scale (Table 49) to decrease the sub-indicator’s 
contribution in the overall KD3 Indicator relative to water supply, sanitation, and affordability, and a 
five-point scale has been adopted within the zero to one band.  
 

Table 49: Banding Criteria for the Environment Indicator 

KD4 Indicator Score 
Bands 

Environment Indicator 

2020 Method 2016 Method 

16–20 1.00 1 

12–16  0.75 1 

8–12 0.50 1 

4–8 0.25 0 

0–4  0.00 0 
KD = key dimension. 

Source: Asian Development Bank. 

 

5.6.2 Data	Sources	Used	for	Indicator	Environment	in	Key	Dimension	3	
 
This indicator was provided by KD4. Chapter 6 describes the source data used to derive the indicator. 
 

5.7 Overall	Assessment	of	Urban	Water	Security	in	AWDO	2020	
 
The KD3 analysis framework is considered the most comprehensive, current, and apt methodological 
approach to assess urban water security. However, significant need remains to improve both the 
conceptualization and analysis of urban water security. The KD3 report includes an extensive 
description of caveats of, and possible improvements to, the approach. These include the following:  

• Overall framework AWDO and Key Dimension 3. The approach mainly addresses the 
present situation. KD3 has extended this by identifying risk factors that might impact future 
water security. Another refinement might be to add spatial refinement, delineating between 
rural and urban and including the position of informal settlements. The scope of KD3 could 
be widened to include the higher components of the Water Sensitive Cities Framework (e.g., 
sustainability and livability).  

• Water supply indicator. The water supply can potentially be improved by additional 
information (beyond the current JMP information), such as on supply interruption and 
volumetric use. Supply interruption due to drought should also be addressed in KD3. 
Drought is taken into account in KD5. Source data availability and accuracy as well as 
addressing inconsistencies will also improve the value of this indicator. 

• Sanitation indicator. The sanitation indicator could be improved in assessing urban water 
security by enhanced consideration of wastewater management. Although the JMP WASH 
data set considers the treatment of sanitation waste (solid and liquid), it is a minor element. 

• Affordability indicator. The affordability indicator was developed and integrated into the 
KD3 assessment for the first time in AWDO 2020. The method applied for KD3 is considered 



 

 
 

53 

sound and robust, yet also simple as far as approaches to affordability are considered. The 
primary data source underpinning the assessments could potentially support a more 
complex and detailed assessment approach. The approach to quantify affordability in KD3 is 
different than the approach used for KD1 and harmonization of these two methods is 
needed for the next AWDO. 

• Environment indicator. The environment indicator gets only marginal attention in KD3, but 
water quality issues in rapidly growing urban environments often impose huge problems. 
The reason behind this is that source data typically represents only the national situation 
and is not differentiated into “urban” and “rural” components. The overlap with KD4 also 
needs attention.  

• Drainage indicator. The same applies for the drainage indicator. Urban flooding (pluvial and 
riverine flooding) is often a major problem in cities. For this indicator, potential overlap with 
KD5 applies.  

• Future security risk. This risk includes climate change (supply and demand) but also risks 
related to economic, technological, and political and/or social aspects. 
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6 Key	Dimension	4:	Environmental	Water	Security	

 
KD4 describes how well a country is able to develop and manage the environmental conditions of its 
river basins with the aim of sustaining or improving the ecosystem services rivers wetlands and 
groundwater provide.  
 
KD4 uses two indicators: 

• Indicator 1: Catchment and Aquatic System Condition Index (CASCI) 
• Indicator 2: Environmental Governance Index (EGI) 

 
The CASCI methodology is based on the Driver-Pressure-State-Impact-Response (DPSIR) framework 
that describes the interaction between society and the environment .35 The following five sub-
indicators are included to describe the pressures and states of that framework:   

Pressures 
• Riparian land cover change 
• Hydrological alteration 
• Groundwater depletion 

States 
• Water quality 
• Riverine connectivity 

 
The EGI quantifies the results of (good) governance, rather than a metric of governance itself. It 
identifies environment performance through three sub-indicators: 

• Wastewater treatment  
• Terrestrial protected areas 
• Sustainable nitrogen management index 

 
The KD4 approach has been developed by the International Water Centre in Australia. A detailed 
description of the AWDO 2020 application is given in the final KD4 report.36 The calculated scores for 
all indicators and the KD for all 49 ADB members are given in Appendix 3, Table . This table includes 

 
35 DPSIR framework is developed by European Environment Agency in 1996. For a description, reference is 
made to: P. Kristensen (2004). The DPSIR framework. Paper presented at the 27–29 September 2004 workshop 
on a comprehensive/detailed assessment of the vulnerability of water resources to environmental change in 
Africa using river basin approach. UNEP Headquarters. Nairobi, Kenya. http://water.eionet.europa. 
eu/internal_reports/DPSIR_water.doc. Accessed, 19(07). 
36 ADB and International WaterCentre. KD4 Environmental Water Security – Final Report. International 
WaterCentre, Griffith University (forthcoming). 

 Key Dimension 4: Environmental Water Security 
The health of rivers, wetlands, and groundwater systems and measured progress on restoring 
aquatic ecosystems to health on a national and regional scale. 
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the scores for AWDO 2020 as well as the scores for AWDO 2013 and AWDO 2016, recalculated using 
the AWDO 2020 methodology. Chapter 9 discusses the impact of the recalculation. 
  

6.1 Assessment	Framework	for	Key	Dimension	4	
 

6.1.1 Key	Dimension	4	Assessment	Framework	for	AWDO	2020	
 
The assessment framework for KD4 is illustrated in Figure 13.  
 

Figure 13: Assessment Framework for Environmental Water Security (Key Dimension 4) 

 
CASCI = Catchment and Aquatic System Condition Index, EGI = Environmental Governance Index, KD = key dimension. 
Source: Asian Development Bank. 

 

To derive the score for KD4, a hierarchical aggregation approach is followed. Each of the sub-
indicators in the CASCI and the EGI is converted to an index from 1 to 5 based on the quintiles (20th, 
40th, 60th, 80th percentiles) of the AWDO 2016 sub-indicator scores. The use of the 2016 indicators to 
define the index for each assessment year allows for assessing progress at the index level. A country 
with a value of the hydrological alteration indicator between the 20th and 40th percentiles of the 
2016 source data will score a 4 for 2016. If the country’s value for the 2020 assessment is below the 
20th percentile from 2016, then it will score a 5 for 2020, indicating progress made in reducing the 
extent of hydrological alteration in the intervening years. The exceptions to the 1–5 index are: 
groundwater, which is based on a regression analysis for each country; and wastewater treatment, 
where there was insufficient variation to divide the 2016 indicator into quintiles. Both of these 
indicators range from 1 to 3. 
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After deriving index values from 1 to 5 (and, where appropriate, from 1 to 3) for the sub-indicators in 
the CASCI and the EGI, the component indexes were summed to derive a score out of a possible 
maximum of 23 for CASCI and 13 for EGI. The individual CASCI and EGI scores were then calculated 
by dividing the sum by the maximum potential score and multiplying this fraction by 5 to obtain a 
score between 1 and 5. The final KD4 score is determined by adding the scores of CASCI and EGI 
(max sum 10) and multiplying this by 2 (20 divided by max sum 10) to make the score comparable 
with the other KDs, which are based on a total of 20 points. The conversion from KD4 score to KD4 
index is done based on the banding approach described in section 2.4. 
 

6.1.2 Changes	Compared	to	Key	Dimension	4	Framework	in	AWDO	2016	
 
The KD4 assessment framework is significantly different than that used for AWDO 2013 and AWDO 
2016. AWDO 2016 included an indicator for river health that was based on model calculations. The 
AWDO 2020 assessment is fully data based as this enables users to apply the methodology 
themselves, without needing access to the model. The EGI of AWDO 2020 is comparable with the 
governance indicator of AWDO 2016 with the exception of the sub-indicator forest loss, which in 
AWDO 2020 is included as part of the CASCI.  
 

6.2 Indicator	1	–	Catchment	and	Aquatic	System	Condition	
 
The CASCI is new to AWDO 2020 and quantifies empirically the pressures on and state of rivers and 
waterways in the region, using spatially distributed data from public sources. Local assessments of 
ecosystem health tend to rely on the collection of state variables that describe the condition of the 
ecosystem. Given the difficulties in quantifying the state of aquatic ecosystem health across a region 
as large as Asia and the Pacific, data is required that is globally available and derived in a 
standardized manner. To that end, the sub-indicators quantify the state of causal factors that 
determine the health of aquatic ecosystems and, where possible, the state of outcome variables 
affected by these drivers. These amount to “pressures” and “states” in the Driver-Pressure-State-
Response framework. As such, they include changes in landscape condition as well as unsustainable 
water use and probable outcomes of water quality.  
 

6.2.1 Scoring	Methodology		
 
The CASCI sub-indicators are objective, spatially explicit, and derived from global scale models and 
satellite observations. As it is difficult to obtain a suitable benchmark of reference condition for 
rivers across the region, trend analyses were used to derive a final index score for these indicators. 
Details on these trend analyses are described in the KD4 report. 
 
Riparian Land Cover Change 
This sub-indicator describes the trends of alteration of riparian vegetation within a riparian buffer 
zone that is critical to aquatic ecosystem health. Losses of riparian vegetation indicate conditions of 
increasing pressure on river health. This sub-indicator quantifies the trend in the extent of forest loss 
and native vegetation conversion (shrubs and grasslands) within 100 meters of river channels and 



 

 
 

57 

wetlands in all ADB members. To define waterbodies, the European Commission Global Surface 
Water Data, which quantifies the maximum extent of waterbodies during the wet season, has been 
used.37 It shows the location of the maximum extent of water bodies at the height of the wet season 
or at highest tide. This data set was used to create map layers determining the extent of the 
investigation by adding a 100-meter buffer to the maximum water extent data to capture any 
seasonal wetland areas along with associated riparian zones.  
 
The process to derive this sub-indicator is illustrated in Figure 14 for a hypothetical example and 
included the following steps: 

• Quantify the approximate area of annual tree cover loss from 2001 to 2018 by a map 
analysis (pixel based). 

• Convert annual losses to the percentage of total riparian forest that has been lost and native 
land cover that has been converted. (The first sub-score is derived from the total riparian 
forest loss and land cover change.) 

• Calculate the proportion of the total that was lost in the last 5 years. (The second sub-score 
is derived from the proportion lost in the last 5 years.) 

 
The two sub-scores capture the overall impact on aquatic ecosystems from removal of vegetation 
and the trend in that process. Countries that have removed large tracts of riparian forest and 
converted other riparian land cover types to agricultural and/or urban lands will score poorly on the 
first sub-score, while countries with large vegetation removal will score poorly on the second. The 
average of the two sub-scores will be the country’s score for riparian land cover change.  
 

 
37 J. Pekel et al. 2016. High-resolution mapping of global surface water and its long-term changes. Nature. 540. 
pp. 418–422. 
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Figure 14: Process for Deriving the Score of the Sub-indicator Riparian Land Cover Change 

 
km2 = square kilometer, TV = total vegetation, veg = vegetation, VL = vegetation loss. 
Source: Asian Development Bank. 

 

The scoring approach for this sub-indicator used the quintiles of the data in 2015 (as used for AWDO 
2016), to use as a baseline. Countries in the lowest 20% in 2015—those with relatively low levels of 
vegetation removal—scored a 5, and countries in the highest 20% scored a 1 (Table 50). The 2020 
assessment used tree cover data from 2001 to 2018 and grass and shrub cover from 2001 to 2015. 
The percentiles of the 2016 assessment were retained to track the progress (or otherwise) of each 
country relative to 2015. 
 

Table 50: Sub-indicator Scores Riparian Land Cover Change 

Percentiles Percentage of Riparian 
Land Cover Lost (2016) 

Proportion Lost in 
Last 5 Years (2016) 

Sub-indicator Score  
(2016 and 2020) 

<20th  <1.630 <21.210 5 
20th–40th  1.631–3.060 21.211–29.130 4 
40th–60th  3.061–4.900 29.131–35.960 3 
60th–80th  4.910–6.840 35.961–44.640 4 

>80th >6.840 >44.640 1 
Note: Sub-indicator scores were allocated according to the Asian Water Development Outlook 2016  
percentiles for the first and second sub-scores for the tree cover loss sub-indicator. The overall score  

for the sub-indicator is the average of the two sub-scores. 

Source: Asian Development Bank. 

 

Hydrological Alteration  
This sub-indicator captures the extent of flow alteration that has occurred relative to an unmodified 
flow regime. Flow alteration of rivers and other wetland systems is a primary cause of reduced 



 

 
 

59 

aquatic ecosystem health, leading to declined water quality, habitat and biodiversity losses, and the 
invasion of exotic species.38 
 
The spatial and temporal extent of the hydrologic alteration indicator uses modelled river flow from 
2005 to 2017 derived from the water balance model runs39 using the TerraClimate high resolution 
data set of monthly climate forcings.40 Modelled pristine (unaltered) and disturbed discharge from 
the water balance model runs were compared across the years to determine the extent of altered 
flow. In addition, a comparison of modelled pristine and disturbed flow was carried out for long-
term annual climatology of discharge during the first decade of this century. The analysis was limited 
to the perennial or actively flowing river systems by applying a 3-millimeter upstream average runoff 
threshold41 and to those areas known to have human impacts on river systems.42 
 
As the hydrologic data are spatially distributed, the index is calculated according to pixel-level flow 
alterations. The monthly river flow is considered “hydrologically altered” if flows are more than 20% 
different from pristine—a threshold that has been developed as a presumptive indicator of 
“moderate to major” ecological impact on river systems.43 This approach accounts for the impact of 
too little flow, when flows are reduced by large dams or direct abstraction without return flows, as 
well as land alterations that impact runoff, such as agricultural land conversions, all of which can 
have negative impacts on instream biota.44 It also accounts for periods when flow is considerably 
higher than would otherwise occur naturally, for irrigation uses in the dry season. These flows 
provide valuable water for human use but cause ecological damage (footnote 33).45 
 
The hydrological alteration sub-indicator is calculated as the proportion of grid cells with flowing 
water in a country where observed monthly discharge is more than 20% different from pristine 
discharge weighted by the number of months this occurs (illustrated in Figure 15 for a hypothetical 
country comprising four pixels).  
 

 
38 S.E. Bunn and A.H. Arthington. 2002. Basic Principles and Ecological Consequences of Altered Flow Regimes 
for Aquatic Biodiversity. Environmental Management. 30 (4). pp. 492–507. 
39 D. Wisser et al. 2010. Reconstructing 20th century global hydrography: A contribution to the Global Terrestrial 
Network-Hydrology (GTN-H). Hydrology and Earth System Sciences. 14 (1). pp. 1-24. 
40 J.T. Abatzoglou et al. 2018. TerraClimate, a High-Resolution Global Dataset of Monthly Climate and Climatic 
Water Balance from 1958–2015. Scientific Data. 5 (170191). 
41 B.M. Fekete, C.J. Vörösmarty, and W. Grabs. 2002. High-resolution fields of global runoff combining observed 
river discharge and simulated water balances. Global Biogeochemical Cycles. 16 (3). pp. 15-1–15-10. 
42 C.J. Vörösmarty and D. Sahagian. 2000. Anthropogenic Disturbance of the Terrestrial Water Cycle. Bioscience. 
50 (9). pp. 753–765. 
43  B.D. Richter et al. 2012. A presumptive standard for environmental flow protection. River Research and 

Applications. 28 (8). pp. 1312–1321. 
44 B. Stewart-Koster and S. Bunn. 2016. The ecology of water security. In C. Pahl-Wostl, A. Bhaduri, and J. Gupta, 
eds. Handbook on Water Security. Cheltenham, UK: Edward Elgar Publishing. 
45 N.L. Poff et al. 1997. The Natural Flow Regime. BioScience. 47 (11). pp. 769–784. 
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Figure 15: Process of Deriving the Hydrological Alteration Sub-indicator 

 
Source: Asian Development Bank. 

 
Similar to the riparian forest cover sub-indicator, the quintiles of distribution for AWDO 2016 were 
used as thresholds for the scoring from 1 to 5. Table 51 describes the threshold values used to 
convert the average proportion of altered pixels to the five categories for the sub-indicator score. 
 

Table 51: Threshold Values Hydrological Alterations 

Percentiles Weighted Average 
Proportion (2016) 

Sub-indicator Score  
(2016 and 2020) 

<20th  <0.047 5 
20th–40th  0.0471–0.110 4 
40th–60th  0.111–0.160 3 
60th–80th  0.161–0.330 2 

>80th >0.330 1 
Source: Asian Development Bank. 

 

 
Groundwater Depletion 
This sub-indicator captures the long-term decline in aquifer levels across the region. Unsustainable 
groundwater use leading to long-term depletion occurs when groundwater consumption out-paces 
replenishment rates. This can have dramatic impacts on surface waters, and consequently aquatic 
ecosystem health, as well as other groundwater-dependent ecosystems and stygofauna 
communities. 
 
As with the land cover change sub-indicator, the groundwater depletion sub-indicator uses remotely 
sensed data. Components were extracted from the Gravity Recovery and Climate Experiment 
(GRACE) for 2002–2016. The GRACE satellite provides quantitative estimates of monthly changes in 
terrestrial water storage (i.e., sum of soil moisture, groundwater, surface water, snow water, and 
canopy storage) across the globe at a spatial resolution of about 90,000 square kilometers, and 
probably less in some regions if there are considerable changes in surface mass. Given the absence 
of regionally consistent baseline aquifer levels, the long-term trend in estimated groundwater 
storage was used to define the sub-indicator. The computation approach to determine the KD4 
score is described in the KD4 report.   
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To capture predominant human footprints resulting from long-term groundwater use, trend analysis 
was applied on the de-seasonalized (predominantly non-climatic) groundwater observations. The 
long-term trends (slope) of these groundwater anomalies were then used to determine the score 
and performance for each country, ranging from 1 to 3. The presence of significant trend was 
detected using Mann-Kendall’s statistics (at α=0.05), which formed the basis for scoring the 
countries according to their groundwater storage levels. If the long-term trend was significantly 
negative, indicating declining groundwater storage due to human activity, the country scored poorly 
(Table 52). Conversely, if the trend was significantly positive, indicating increasing groundwater 
storage, the country scored well.  
 

Table 52: Scoring Table Long-Term Trends in Groundwater Storage 

Trend Score Performance 
Significant increase 3 Good 
No trend 2 Fair/normal 
Significant decrease 1 Poor 

Source: Asian Development Bank. 

 
Water Quality 
This sub-indicator captures the amount of pressure on the waterways in a given country and offsets 
that pressure by assessing the country’s efficiency of agricultural use of nitrogen. As there are no 
globally standardized data sets of observed water quality data (such as pH and dissolved oxygen), 
published data on pollution loads from Vörösmarty et al.46 have been used. This pollution load 
information was combined with the Sustainable Nitrogen Management Index (SNMI) for each 
country, developed by Zhang and Davidson.47 SNMI quantifies the sustainability of agricultural 
practices. The value of the sub-indicator was determined by the formula: 

weighted pollution load = pollution load x (1 – SNMI).    
 
These weighted pollution loads were banded to the sub-indicator score as presented in Table 53. 
 

Table 53: Threshold Values Water Quality Sub-indicator 

Percentiles Weighted Pollution Load Sub-indicator Score  
<20th  0.144 5 

20th–40th  0.145–0.248 4 
40th–60th  0.249–0.295 3 
60th–80th  0.296–0.389 2 

>80th >0.390 1 
Source: Asian Development Bank. 

 
Riverine Connectivity 
The riverine connectivity sub-indicator captures how much water resource developments in river 
systems impede fundamental ecological processes that characterize healthy aquatic ecosystems. 
Such impediments lead to declines in water quality and disruptions to food webs, as well as habitat 
and biodiversity losses. Connectivity in aquatic systems exists in three spatial dimensions: 

 
46 C.J. Vörösmarty et al. 2010. Global Threats to Human Water Security and River Biodiversity. Nature. 467. pp. 
555–561. 
47 X. Zhang and E. Davidson. 2016. Sustainable Nitrogen Management Index (SNMI): methodology. Frostburg, 
MD: University of Maryland Center for Environmental Science. 
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longitudinal, lateral, and vertical.48 The fourth dimension of time captures how ecosystem 
connectivity varies naturally, with time.49 Across the three spatial dimensions, riverine connectivity 
refers to the movement and transfer of matter, energy, and organisms.50 Reduced connectivity in 
otherwise free-flowing rivers diminishes their ability to cleanse themselves from the build-up of 
introduced contaminants and can lead to stagnation and development of toxic algal blooms, 
particularly in hotter, drier periods.51 Structural barriers such as dams and hydro-electric 
developments impedes the passage of migratory fish, both upstream and downstream, and can 
substantially diminish their reproductive success and survivability rates.52 
 
The riverine connectivity indicator comes from a global assessment of reach-level connectivity of 
rivers across the globe (footnote 48). This index, the Connectivity Status Index, ranges from 0% to 
100% and is based on data defining five “pressure factors”: river fragmentation, flow regulation, 
sediment trapping, water consumption, and infrastructure development in riparian and floodplain 
areas. To derive a country-level index for the CASCI, the discharge weighted average Connectivity 
Status Index across all reaches within each country was calculated. Using a discharge weighted 
average in this way implies a country gets lowers scores for low levels of connectivity in rivers with 
higher discharge. These averages were banded to the sub-indicator score as shown in Table 54. 
 

Table 54: Threshold Values Riverine Connectivity Sub-indicator 

Percentiles Discharge Weighted 
Averages (%) Sub-indicator Score  

<20th  <71.20 1 
20th–40th  71.30–85.70 2 
40th–60th  85.80–91.70 3 
60th–80th  91.80–99.80 4 

>80th >99.85 5 
Source: Asian Development Bank. 
 

6.2.2 Data	Sources	Used	for	the	Indicator	Catchment	and	Aquatic	System	Condition	
Index		

 
The data sources used for the CASCI sub-indicators in KD4 are shown in Table 55. 
 

 

 
 

 
48 G. Grill et al. 2019. Mapping the world's free-flowing rivers. Nature. 569. pp. 215–215. 
49 N.L. Poff. 2019. A river that flows free connects up in 4D. Nature. 569. pp. 201–202. 
50 C. Pringle. 2000. Managing riverine connectivity in complex landscapes to protect ‘remnant natural areas.’ SIL 

Proceedings, 1922–2010. 27 (3). pp. 1149–1164. 
51 R.J. Rolls, C. Leigh, and F. Sheldon. 2012. Mechanistic effects of low-flow hydrology on riverine ecosystems: 
Ecological principles and consequences of alteration. Freshwater Science. 31 (4). pp. 1163–1186; and Australian 
Academy of Science. 2019. Investigation of the causes of mass fish kills in the Menindee Region NSW over the 

summer of 2018–2019. Canberra.  
52 R.L. Welcomme, I.G. Baird, and A.S. Halls. 2016. Fisheries of the rivers of Southeast Asia. In F. Craig, ed. 
Freshwater Fisheries Ecology. Oxford, UK; and C. Pringle. 2003. What is Hydrologic Connectivity and Why Is It 
Ecologically Important? Hydrological Processes. 17 (13). pp. 2685–2689. 
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Table 55: Data Sources Used for Sub-indicators for Catchment and Aquatic System Condition Index in Key Dimension 4 
Sub-indicator Measure Unit Data Years Database / Reference 
Riparian land 
cover change 

Forest cover loss 
Grass and shrub cover loss 
Maximum extent of 
inundations 

% of riparian land 
altered over time 

2000–2018 Hansen et al., 2013 
ESA Climate Change Initiative 
– Land Cover project 
ESA, 2017 
Pekel et al., 2016 

Hydrological 
alteration 

Extent of flow alteration 
relative to an unmodified 
flow regime 

Weighted 
proportion 

2005–2017 Wisser et al., 2010 

Groundwater 
depletion 

Long-term decline in aquifer 
levels 

Trend in change 
over time 

2002–2016 Gravity Recovery and Climate 
Experiment 

Water quality Pollutions loads 
Sustainable Nitrogen 
Management Index 

Weighted score 
(0–1) 

Around 
2000 and 
2014 

Vörösmarty et al., 2010 
Zhang and Davidson, 2016 

Riverine 
connectivity 

Index based on remote 
sensing and existing large-
scale spatial data set 

Discharge 
weighted average 
% 

2018 Grill et al., 2019 

Sources: Asian Development Bank; M.C. Hansen et al. 2013. High-resolution global maps of 21st-century forest cover 
change. Science. 342 (6160). pp. 850–853; European Space Agency (ESA). 2017. Land Cover CCI Product User Guide Version 
2, Tech. Rep., maps.elie.ucl.ac.be/CCI/viewer/download/ESACCI-LC-Ph2-PUGv2_2.0.pdf; J. Pekel et al. 2016. High-
resolution mapping of global surface water and its long-term changes. Nature. 540 (7633). pp. 418–422; D. Wisser et al. 
2010. Reconstructing 20th century global hydrography: A contribution to the Global Terrestrial Network-Hydrology (GTN-
H). Hydrology and Earth System Sciences. 14 (1). pp. 1–24; C.J. Vörösmarty et al. 2010. Global Threats to Human Water 
Security and River Biodiversity. Nature. 467. pp. 555–561; X. Zhang and E. Davidson. 2016. Sustainable Nitrogen 
Management Index (SNMI): methodology. Frostburg; and G. Grill et al. 2019. Mapping the world's free-flowing rivers. 
Nature. 569. pp. 215–215. 
 

6.2.3 Source	Data	Coverage	and	Dealing	with	Missing	Source	Data	
 

Using remote sensing and global modelling to derive the source data and scores for the KD4 sub-
indicators and indicators ensures all countries with available source data have directly comparable 
data informing their scores. As a result of this approach, however, several smaller countries are 
missing data either because the data products were not originally developed for them (e.g., riparian 
land cover alteration) or because the spatial resolution is not sufficient to capture them with 
satisfactory accuracy (e.g., GRACE groundwater). This primarily affected Pacific island countries and 
the Maldives. For the countries in the Pacific, ADB specialists provided expert opinion on the state of 
several indicators for the AWDO 2020 assessment. Even with this input, missing data remained an 
issue to determine the overall CASCI score. That overall score was ultimately calculated based on the 
maximum possible score for a particular country, given the available source data.   
 
The general scoring scheme for CASCI, combining the sub-indicator scores, is shown in Table 56 for 
two hypothetical countries (one with missing source data).  
 

Table 56: Scoring Methodology for the Catchment and Aquatic System Condition Index 

 Component Indices of the CASCI     
Example 

ADB 
Member 

Land Cover 
Alteration  

(5) 

Hydrological  
Alteration  

(5) 
Groundwater 

Use (3) 

Riverine  
connectivity  

(5) 

Water 
Quality  

(5) 

Sum of 
all 

Indices 
Max 

Potential 

% Score: 
Summed Indices/ 

Max Potential 

CASCI  
(% score 

x 5) 

1 4 1 1 2 4 12 23 0.520 2.6 

2 - - 2 5 - 7 8 0.875 4.4 

ADB = Asian Development Bank, CASCI = Catchment and Aquatic System Condition Index.  
Note: The maximum possible value for each of the component indexes is shown in parentheses and the maximum 
potential score is the sum of these values for the available component indexes.   
Source: Asian Development Bank. 
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6.3 Indicator	2	–	Environmental	Governance	Index	
 
The Environmental Governance Index (EGI) quantifies outcomes of good governance, rather than 
applying a metric of governance itself. This is primarily due to governance metrics being difficult to 
update, and therefore high-quality, consistent, and consistently updated governance metrics are not 
readily available. The Yale University Environmental Performance Index (EPI) is updated biennially 
and employs metrics that gauge environmental performance outcomes on various issues.53 The EGI 
developed for AWDO 2020 is derived from three EPI sub-indicators that assess pressures on aquatic 
ecosystem vitality. Since AWDO 2016, the metric for forest cover loss (then part of the EGI sub-
indicator) has been updated and included as part of the CASCI sub-indicator.  
 

6.3.1 Scoring	Methodology	
 
The EGI uses the same methodology as AWDO 2016 with some slight adjustments to account for 
source data availability and the introduction of the CASCI. CASCI now includes forest cover loss a 
sub-indicator. In AWDO 2016 this forest cover loss was a sub-indictor of EGI. The source data for the 
EGI in AWDO 2016 was the 2014 EPI.54 For AWDO 2020, the same data source, updated to 2018, was 
used but with slightly different component indexes. The EGI in AWDO 2016 included a metric of 
forest cover loss. This was removed for AWDO 2020, as the underlying data for this metric is used in 
the riparian land cover change in the CASCI. 
 
From the EPI, AWDO 2020 uses: 

• wastewater treatment – percentage of wastewater that is treated in the country; 
• terrestrial protected areas – percentage of land area that is protected in the country; and 
• SNMI – nitrogen use efficiency to quantify how much nitrogen enters the environment. 

 
Wastewater  
The release of untreated wastewater can have substantial impacts on aquatic ecosystem health. 
Wastewater can enter aquatic systems through various inputs, including from household, urban, and 
industrial wastewater, as well as from agricultural and mining inputs. Pollutants introduced into 
waterways from these sources can include medical waste, human waste, food waste, and 
pathogenic organisms, as well as poisonous chemicals such as pesticides, synthetic chemicals, and 
heavy metals. With good governance and policy frameworks, however, incentives for improving 
wastewater treatment rates may be created.  
 
The EPI wastewater treatment sub-indicator measures the percentage of wastewater in a country 
that receives at least primary treatment (footnote 50). This assessment only quantifies treatment 
percentages by centralized municipal utilities, as comparable source data for water treatment in 
other sectors is not readily available. The threshold values to determine the sub-indicator score are 
given in Table 57. 
 

 
53 Z.A. Wendling et al. 2018. 2018 Environmental Performance Index. New Haven, CT: Yale Center for 
Environmental Law & Policy. epi.yale.edu. 
54 https://epi.envirocenter.yale.edu/ 
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Table 57: Threshold Values Wastewater Sub-indicator 

Wastewater Treatment 
Percentiles 

Wastewater Treatment 
% Sub-indicator Score  

<33rd  <6.26 1 
33rd–40th  6.27–57.66 2 

>66th >57.67 3 
Source: Asian Development Bank. 

 
Terrestrial Protected Areas 
Protected areas are the foundation of biodiversity conservation, and biological diversity is the 
central pillar of all environmental and ecosystem health. Yet, planning protected areas for 
freshwater systems presents considerable challenges as they have unique requirements.55 For 
example, considering the longitudinal, lateral, and groundwater connectivity of aquatic ecosystems, 
many threats to freshwater habitats can occur outside a defined protected area boundary.56 
Consequently, commonly accepted systematic conservation planning models are more suited to 
terrestrial or marine environments. Despite this, however, the condition of freshwater ecosystems is 
substantially defined by the landscapes through which they flow.57 Conserving biodiversity in 
terrestrial protected areas will have a positive influence on ecosystem services, which will in turn 
contribute to aquatic ecosystem health by ensuring against some of the pressures they may 
otherwise face.58 Conversely, a lack of governmental focus on and appropriate regulations for 
environmental protection can lead to substantial pressures imposed on freshwater systems. 
 
The EPI terrestrial protected areas sub-indicator measures the percentage of protected land area in 
the country. The threshold values to determine the sub-indicator score are given in Table 58. 
 

Table 58: Threshold Values Terrestrial Protected Areas Sub-indicator 

Percentiles Terrestrial Protected 
Area (%) Sub-indicator Score  

<20th  <53.70 1 
20th–40th  53.71–70.55 2 
40th–60th  70.56–82.34 3 
60th–80th  82.35–92.20 4 

>80th >92.21 5 
Source: Asian Development Bank. 

 
Sustainable Nitrogen Management Index 
Agricultural operations often have a substantial impact on the health of nearby aquatic ecosystems. 
These impacts vary depending on the type of agricultural operation as well as the practices used 
(footnote 50). Commonly, excess nitrogen and phosphorous from agricultural fertilizer runoff enters 
aquatic systems, causing nutrient imbalances that can lead to toxic algal blooms.59 As well as having 

 
55 D.J. Lawrence et al. 2011. National parks as protected areas for U.S. freshwater fish diversity. Conservation 

Letters. 4 (5). pp. 364–371. 
56 L.A. Barmuta, S. Linke, and E. Turak. 2010. Bridging the gap between ‘planning’ and ‘doing’ for biodiversity 
conservation in freshwaters. Freshwater Biology. 56 (1). pp. 180–195. 
57 H.B.N. Hynes. 1975. The stream and its valley. SIL Proceedings, 1922–2010. 19 (1). pp. 1–15. 
58 L. Gamfeldt et al. 2013. Higher levels of multiple ecosystem services are found in forests with more tree species. 
Nature Communications. 4 (1340). 
59 M.A. Sutton et al., eds. 2013. Our Nutrient World: The challenge to produce more food and energy with less 

pollution. Edinburgh, UK: Centre for Ecology and Hydrology. 
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severe implications for human and livestock health, cyanobacterial algal blooms resulting from 
agricultural runoff can cause hypoxia (oxygen depletion) in aquatic systems, leading to mass fish kills.  
 
The SNMI assesses nitrogen use efficiency and land use efficiency to quantify how much nitrogen 
enters the environment (footnotes 42 and 50). The 2020 EPI uses the SNMI as a proxy for 
agricultural drivers of environmental damage. As the SNMI is an evaluation of both food production 
and subsequent pollution, two countries can receive the same score for different reasons (footnote 
42). Nonetheless, in general, a score of 100 indicates a country is optimizing both crop yields and 
fertilizer application, and a score of 0 indicates a country is producing food in a manner that may 
lead to damaging environmental pollution, via agricultural runoff.  
 
In this indicator, nitrogen management is assessed but is also used as a proxy for phosphorous 
management, as both nitrogen and phosphorous are present in many fertilizers. Sustainable 
nitrogen management is an outcome of efficient farming practices, but it is good governance and 
policy frameworks that enable, sustain, and support these practices. 
 
The EPI SNMI sub-indicator measures the nitrogen use efficiency at a scale of 0–100. The threshold 
values to determine the sub-indicator score are given in Table 59. 
 

Table 59: Threshold Values Sustainable Nitrogen Management Index Sub-indicator 

Percentiles SNMI Value Sub-indicator Score  
<20th  <19.20 1 

20th–40th  19.21–27.91 2 
40th–60th  27.92–33.35 3 
60th–80th  33.36–43.77 4 

>80th >43.78 5 
SNMI = Sustainable Nitrogen Management Index. 
Source: Asian Development Bank. 
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6.3.2 Data	Sources	Used	
 
The data sources used for the EGI sub-indicators in KD4 are shown in Table 60. 
 

Table 60: Data Sources Used for the Sub-indicators for Environmental Governance Index in Key Dimension 4 

Indicator / Sub-
indicator 

Measure Unit Data Years Database / Reference 

Environmental 
governance 

Yale Environmental 
Performance Index 
assessment from 2018  

  Wendling et al., 2018 

Wastewater treatment % wastewater treated  % 2018 UN Statistics Division 
OECD 
Pinsent Masons Water Yearbook 
AQUASTAT  

Terrestrial protected 
area 

% country’s biomes in 
terrestrial protected 
areas 

% 2018 WDPA 
World Resources Institute’s 
“Terrestrial Ecoregions of the World” 
data set  

Sustainable nitrogen 
management 

Efficiency of nitrogen 
use (SNMI) 

Unitless 
(0–100) 

2016 Zhang and Davidson, 2016  

AQUASTAT = Aqua Statistics – FAO’s Global Information System on Water and Agriculture, FAO = Food and Agriculture 
Organization of the UN, OECD = Organisation for Economic Co-operation and Development, SNMI = Sustainable Nitrogen 

Management Index, UN = United Nations, WDPA = World Database on Protected Areas. 

Sources: Asian Development Bank; Z.A. Wendling et al. 2018. 2018 Environmental Performance Index. New Haven, CT: Yale 
Center for Environmental Law & Policy. epi.yale.edu; and X. Zhang and E. Davidson. 2016. Sustainable Nitrogen 

Management Index (SNMI): methodology. Frostburg. 

 

6.3.3 Source	Data	Coverage	and	Dealing	with	Missing	Source	Data	
 
Missing source data for the EGI are considered to reflect inadequate reporting by the country, and 
therefore the sub-indicator is scored as a 0. This means that the sum of all component indexes is 
divided by 13, regardless of missing source data. This is illustrated in Table 61 for two hypothetical 
countries, one with missing source data. The table shows how the final score for CASCI is calculated 
based on the maximum potential score, given the available source data.  
 

Table 61: Scoring Methodology for the Environmental Governance Index 

 Component Indices of the EGI    
Example 

ADB 
Member 

SNMI  
(5) 

Wastewater 
Treatment 

(3) 

Terrestrial 
Protection  

(5) 
Sum of All 

Indices 

% Score: 
Summed 

Indices/ 13 

EGI  
(% score 

 x 5) 

1 5 1 1 7 0.54 2.7 

2 3 - 5 8 0.62 3.1 

ADB = Asian Development Bank, EGI = Environmental Governance Index, SNMI = Sustainable Nitrogen 

Management Index. 
Source: Asian Development Bank. 

6.4 Overall	Assessment	Environmental	Water	Security	in	AWDO	2020	
 
Emerging remote sensing technologies may provide promising avenues of monitoring additional 
processes beyond what was included in this assessment. While the challenge of defining clear 
baselines or reference conditions will remain (section 6.2.1), emerging remote sensing products 
should allow this to be expanded to include: 
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• ice mass in the cryosphere; 
• sedimentation of rivers, wetlands, and coastal zones; 
• water quality parameters in rivers and wetlands; and 
• enhanced connectivity assessments that, where possible, integrate fish passage facilities for 

key species.  
 
As local-scale monitoring and assessment is the ideal form of assessment of ecosystem health, ADB 
should support countries to implement such monitoring programs where possible. These programs 
may not be able to be integrated into future KD4 assessments directly; however, they will provide 
valuable information for verification of and feedback to remotely sensed data and for the 
management of health ecosystems in the region, while supporting ongoing development. 
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7 Key	Dimension	5:	Water-Related	Disaster	Security		
 

 
KD5 is a national assessment of the risk to water-related disasters. It comprises three indicators, 
which describe the risk categories of water-related disasters:  

• Indicator 1: Climatological risk, in particular addressing drought 
• Indicator 2: Hydrological risk, addressing coastal, riverine and flash flooding, and mudslides 
• Indicator 3: Meteorological risk, addressing tropical storms, convection storms, and 

associated storm surge 
 
KD5’s risk is determined considering three sub-indicators: 

• Hazard-exposure—the situation of people in areas prone to a process or phenomenon that 
may cause loss of life, injury, or other health impacts; social and economic disruption; or 
environmental degradation  

• Vulnerability—the conditions determined by physical, social, economic, and environmental 
factors or processes that increase the susceptibility of an individual, community, or system 
to the impacts of hazards 

• Capacity—the strengths, attributes, and resources available within an organization, 
community, or society to manage and reduce disaster risks and strengthen resilience 

 
The first KD5 approach was developed for AWDO 2013 by the International Centre for Water Hazard 
and Risk Management (ICHARM) in Japan. The approach was reformulated for AWDO 2020 by the 
Korea Institute of Civil Engineering and Building Technology, representing a shift to disaster risk 
assessment. A detailed description of the AWDO 2020 application is given in the final KD5 report.60 
The calculated scores for all indicators and the KD for all 49 ADB members are given in Appendix 3, 
Table A3.5:. The table includes the AWDO 2020 scores, as well as the scores for AWDO 2013 and 
AWDO 2016, recalculated using the AWDO 2020 methodology. Chapter 9 discusses the impact of the 
recalculation of the new methodology. 

 
60 ADB and Korea Institute of Civil Engineering and Building Technology. KD5 Water Related Disaster Security – 

Final Report. Korea Institute of Civil Engineering and Building Technology (forthcoming). 

 Key Dimension 5: Water-Related Disaster Security 

A nation’s recent exposure to water-related disasters, their vulnerability to those disasters, and 
their capacity to resist and bounce back. 
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7.1 Assessment	Framework	for	Key	Dimension	5	
 

7.1.1 Hazard	Types	Considered	in	Key	Dimension	5	
 
KD5’s hazard-exposure is based on a nation’s historical population affected numbers during the 
previous 10 years, taken from the Emergency Events Database (EM-DAT).61 EM-DAT includes all 
disasters from 1900 until the present, conforming to at least one of the following criteria: 

• 10 or more people dead; 
• 100 or more people affected; 
• the declaration of a state of emergency; or 
• a call for international assistance. 

 
EM-DAT includes data from various disaster types. KD5 has extracted data for water-related 
disasters, which in EM-DAT are classified as hydrological, meteorological, and climatological in 
nature. The following is a short description of the way EM-DAT represents these disaster types. 
 
Hydrological: A hazard caused by the occurrence, movement, and distribution of surface and 
subsurface freshwater and saltwater. Included are the following categories: 

• Coastal flood: higher-than-normal water levels along the coast caused by tidal changes or 
thunderstorms that result in flooding, which can last from days to weeks. 

• Riverine flood: the overflow of water from a stream channel onto normally dry land in the 
floodplain. 

• Flash flood: rapid inland floods due to intense rainfall. A flash flood describes sudden 
flooding with short duration. In sloped terrain, the water flows rapidly with a high 
destruction potential. In flat terrain, the rainwater cannot infiltrate into the ground or run 
off (due to small slope) as quickly as it falls. Flash floods typically are associated with 
thunderstorms but can also be caused by dam bursts and can occur at virtually any place. 

• Mudslide: types of landslides that occur when heavy rain or rapid snow and/or ice melt send 
large amounts of vegetation, mud, or rock downslope by gravitational forces. 

• Avalanche, landslide, rockfall, and subsidence have not been included in KD5. 
 
Meteorological: A hazard caused by short-lived, micro- to meso-scale extreme weather and 
atmospheric conditions that last from minutes to days. Included are the following categories:  

• Tropical storm: a tropical storm originates over tropical or subtropical waters. It is 
characterized by a warm-core, non-frontal synoptic-scale cyclone with a low-pressure 
center, spiral rain bands, and strong winds. Depending on their location, tropical cyclones 
are referred to as hurricanes (Atlantic, Northeast Pacific), typhoons (Northwest Pacific), or 
cyclones (South Pacific and Indian Ocean). This includes the impacts of associated storm 
surge.  

• Convective storm: a meteorological hazard generated by the heating of air and the 
availability of moist and unstable air masses. Convective storms range from localized 

 
61 EM-DAT: The Emergency Events Database - Université Catholique de Louvain (UCL) - CRED, D. Guha-Sapir - 
www.emdat.be. Brussels, Belgium. 
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thunderstorms (with heavy rain and/or hail, lightning, high winds, or tornadoes) to meso-
scale, multi-day events and include extreme cold waves, hail, and storm surge. 

• Extreme temperature, fog, and extra-tropical storm have not been included in KD5. 
 

Climatological: A hazard caused by long-lived, meso- to macro-scale atmospheric processes ranging 
from intra-seasonal to multi-decadal climate variability. Included is the following category: 

• Drought: an extended period of unusually low precipitation that produces a shortage of 
water for people, animals, and plants. Drought is different from most other hazards in that it 
develops slowly, sometimes even over years, and its onset is generally difficult to detect. 
Drought is not solely a physical phenomenon because its impacts can be exacerbated by 
human activities and water supply demands. Drought is therefore often defined both 
conceptually and operationally. Operational definitions of drought, meaning the degree of 
precipitation reduction that constitutes a drought, vary by locality, climate, and 
environmental sector. 

• Wildfire has not been included in KD5. 
 

7.1.2 Key	Dimension	5	Assessment	Framework	for	AWDO	2020	
 

The assessment framework for KD5 is shown in Figure 16. The calculation is done initially for each of 
the three hazard types (climatological, hydrological, and meteorological events) and then combined. 
 

Figure 16: Assessment Framework for Water-Related Disaster Security (Key Dimension 5) 

 
ICT = information and communication technology, KD = key dimension, NWS = national water security. 

Source: Asian Development Bank. 
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The process of calculating the KD5 score includes the following four steps: 
 
Step 1: Data Collection and Calculation and Normalization of the Sub-indicators and Sub-sub-
indicators 

• National data are sourced from reputable databases. 
• Data are standardized (where appropriate) to develop sub-indicators and sub-sub-indicators, 

upon which a consistent and standard comparison between countries can be made. 
Standardizing is typically done with respect to population and national GDP. 

• The standardized data are normalized over all countries to give sub-indicators with values 
ranging between 0 and 1.62 

• Where multiple sub-sub-indicators are combined to form a composite sub-indicator, the 
arithmetic average of the sub-indicators data has been calculated. 

• Where raw data were missing for any country, regional experts estimated the value of the 
normalized sub- or sub-sub-indicator by considering the values of normalized indicators 
where data were available. Experts’ sub-indicator estimates were averaged. 

 
Step 2: Calculation of the Sub-indicator Score (Indicator Values Range from 0 to 1)  

• The hazard-exposure sub-indicator is calculated for each of the three disaster types. 
• The vulnerability indicator is calculated for each of the three disaster types, as the average 

of vulnerability sub-indicators relevant to the respective disaster type. 
• The capacity indicator is calculated for each of the three disaster types, as the average of 

capacity sub-indicators relevant to the respective disaster type. 
 
Step 3: Calculation of the Risk of Each Indicator (Scores Range from 1 to 5) 

• The disaster risk for the three disaster types is calculated using the KD5 risk equation 
(Figure) giving a national risk score for each disaster type. (Risk scores range from 0 to 1, 
where 0 is the lowest and 1 is the highest possible risk.) 

• The scores of each indicator were banded and scaled from 1 to 5.  
 
Step 4: Calculation of Key Dimension 5 Score (Overall Scores Range from 4 to 20) 

• The three disaster types indicators are added to give an overall KD5 sum from 3 to 15. 
• This sum was multiplied by a factor (20 divided by 15) to get a KD5 score from 4 to 20.  

 
Risk Equation 
In Step 3, KD5 employs the KD5 risk equation (Figure 17) to assess disaster risk as a function of the 
hazard-exposure, vulnerability, and capacity indicators for each of the three disaster types. 
 

 
62 Normalized has followed a standard linear min-max normalization between 0 and 1 to allow for relative 
comparison between different nations across a wide spectrum of indicative data. 
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Figure 17: Risk Equation in Key Dimension 5 

 
Source: Asian Development Bank.  

 

Notes about the Use of the Key Dimension 5 Risk Equation 
• The capacity indicator has been reformulated as lack of capacity, to retain the sense that low 

values lead to low risk, and high values lead to high risk. Lack of capacity has been inferred 
as (1 – capacity). 

• The three indicators of hazard-exposure, vulnerability, and lack of capacity each have a value 
between zero and unity (0 – 1), with zero being contribution to zero risk and unity being 
contribution to high risk. 

• The product has been raised to the power of 1/3 to retain some sense of linearity in the 
overall distribution of the disaster risk index. 

 
7.1.3 Changes	Compared	to	Key	Dimension	5	Framework	in	AWDO	2016	

 
In AWDO 2020, the indicators adopted for KD5 are based on those used in previous versions of 
AWDO. However, some significant changes were made, as follows:  

• The KD was redefined from disaster resilience to disaster risk. 
o Shifting from resilience to risk has resulted in the inclusion of the “hazard-exposure.” 
o As a result, previous “exposure” sub-indicators were removed. Since “hazard-

exposure” sub-indicators have been introduced, no other “exposure” sub-indicator 
was necessary. This is based on the logic that if persons or assets were impacted, 
they must have been exposed.  

o As KD5 uses historical data of the number of people affected by an event to assess 
both the scale of the “hazard” and the extent of local “exposure,” it is impossible to 
separate these two risk factors. For this reason, a single “hazard-exposure” indicator 
was used in assessing KD5.  

• New and more recent data was used. 
o A sub-sub-indicator assessing “lack of national action toward disaster risk reduction” 

was added, using new data collected in response to the Hyogo Framework for Action 
by the United Nations Office for Disaster Risk Reduction (UNDRR). This was included 
to account for the efforts governments are making to address disaster risk through 
policy, insurance markets, and disaster reduction financing.  

o The sub-sub-indicator for “paved road density” was removed on the basis that it was 
limited in scope and not relevant. 

o In assessing information and communication technologies, the sub-sub-indicator for 
“TV access” was replaced by “internet access” to represent a shift in the main 
medium of information dissemination to the public. 

B = (	DE × F × (G − I)	),/.	
!"#$#;		
'	 = 	)*+,+-./	'*+0	123.4	(6 − 8)  
:; = :,<,/3	;4=>+?/.	123*@,->/	(6 − 8) 
A = A?B2./,C*B*-D	123*@,->/	(6 − 8)	
E = E,=,@*-D	123*@,->/	(6 − 8) 
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• The meaning of some sub-sub-indicators was strengthened. 
o An “environmental vulnerability” sub-sub-indicator was introduced to incorporate 

how forestation affects vulnerability. 
o A “vulnerable populations” sub-sub-indicator was introduced to incorporate how 

vulnerable populations affect the overall vulnerability.  
o An “economic capacity” sub-sub-indicator was introduced to incorporate how 

economic savings and productivity affects capacity. 
o An “ICT capacity” sub-sub-indicator was introduced to incorporate how ICT access 

affects capacity. 
o An “educational capacity” sub-sub-indicator has been introduced to incorporate 

how education affects capacity. 
• A better representation of vulnerability and capacity was included. 

o Data on agricultural GDP was replaced with data on “irrigated land as a % of total 
agricultural land” to better reflect actions nations are taking to build capacity against 
drought and flood. 

o Data on “dependent populations” was incorporated into the vulnerable populations 
sub-sub-indicator to better represent populations vulnerable to disasters.  

o Data on “fresh water withdrawal as a % of renewable water resources” was added 
to environmental vulnerability to better represent vulnerability to drought.  

 
These adjustments to the data and methodology were made to create an improved representation 
of disaster risk based on sub-indicators that are actionable and scalable from national to sub-
national levels, where possible.  
 

7.2 Indicator	1	–	Hazard-Exposure	
 

7.2.1 Scoring	Methodology	
 
The hazard-exposure indicator is based on:  

• disaster types: hydrological, meteorological, and climatological; and 
• disaster impact: population affected (number).63  

 
The hazard-exposure sub-indicators represent each of the three disaster types. Data used for the 
sub-indicators were taken from the EM-DAT for 2010 to 2019 (inclusive).64 The EM-DAT data were 
standardized by total country population to allow a relative comparison between differently 

 
63 Initially both estimated damage (USD) and total affected (population) were used; however, after some 
analysis, the estimated damage numbers were found to be inconsistent and unreliable. EM-DAT largely 
compiles its database from country’s self-reported damage, and it is believed that significant variation 
between countries in assessing their damage numbers have resulted in this inconsistency. In comparison, 
population affected numbers seemed to be more consistent and reliable and therefore have been used in 
AWDO 2020 as the sole impact measure for hazard-exposure. 
64 The time period chosen for hazard-exposure is a compromise between taking a long period representative of 
events that by nature are not frequent and a short period representative of a nation’s recent disaster risk 
management efforts. 
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populated nations and then normalized. Definitions for each of the three disaster types are drawn 
from EM-DAT based on the water-related disaster(s) being assessed. 
 

7.2.2 Data	Source	for	Hazard-Exposure		
 
The hazard-exposure data for AWDO 2020 was taken from the EM-DAT for the “total affected” 
number of people, defined as the sum of the injured, affected, and left homeless after a disaster 
(Table 62).  
 

Table 62: Data Source Used for Hazard-Exposure Indicator in Key Dimension 5 

Indicator / Sub-indicator Measure Unit Data Years Database / Reference 
Climatological affected, 
Hydrological affected, 
Meteorological affected 

 
No. of people 

 
No. 

 
2010–2019 

 
EM-DAT 

EM-DAT = Emergency Events Database. 

Source: Asian Development Bank. 

7.3 Indicator	2	–	Vulnerability	
 

7.3.1 Scoring	Methodology	
 
The vulnerability indicator was constructed from five sub-indicators: 

• Lack of governance: Transparency International’s Corruption Perception Index was used to 
give a relative comparison of governance across nations. The index was built from expert 
surveys of personnel working at multilateral lending institutions, economic and political data 
intelligence consultancies, nongovernment organizations, local media, and select 
government data. The index aims to assess the prevalence of corruption in a nation as well 
as financial over-regulation, which can stifle development.  

• Lack of national action on disaster risk reduction: Data collected under the Hyogo 
Framework for Action was used to assess nations’ actions on an extensive list of possible 
steps to enhance disaster resilience. In total, 141 nationally self-assessed measures are 
assessed, including the presence of insurance and re-insurance facilities, micro and crop 
insurance, microfinancing, and national disaster loss databases. Yes or no assessments for 
each measure have been compiled into a score from 0 to 5 for each nation.  

• Environmental vulnerability: As with previous versions of KD5, this sub-indicator uses 
measures of deforestation and over-extraction of groundwater resources to assess national 
efforts to protect environmental sources of disaster resilience.  

• Aid dependency: This sub-indicator is based on a nation’s reliance on foreign aid as a 
percentage of GDP. Where a greater portion of the economy comprises foreign aid, 
governments have less ability to quickly channel financial resources in emergency situations, 
making populations more vulnerable.  

• Population vulnerability: This sub-indicator uses measures that assess what percentage of a 
population have enhanced sensitivity to disaster impacts, including poverty rates, the 
dependency ratio, and infant mortality rates.  
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Each sub-indicator was built by standardizing and normalizing the input data and averaging 
(assuming equal weighting for each set of input data). This results in five sub-indicators, with values 
ranging from 0 to 1, of relative national vulnerability to water-related disaster focused on actionable 
and measurable sub-indicators.  
 

7.3.2 Data	Sources	for	Vulnerability	Sub-indicators	
 
The data for the vulnerability sub-indicators are from various sources as shown in Table 63.  
 

Table 63: Data Sources Used for Vulnerability Indicator in Key Dimension 5 

Indicator / Sub-
indicator 

Measure Unit Data Years Database / Reference 

Lack of governance CPI Index 2018 Transparency International 
Lack of national 
disaster risk reduction  

Hyogo Framework for Action 
progress reports 

Index 2007–2015 National governments 

Environmental 
vulnerability 

Forested land cover 
Groundwater withdrawal as % of 
renewable water 

% 
% 

2010–2016 
2013–2017 

UNSTAT 
AQUASTAT 

Aid dependency ODA as % of GDP % 2017 World Bank 
Vulnerable 
populations 

Population below USD 1.9 per day 
Population age >65 years 
Population age 0–14 years 
Infant mortality 

% 
% 
% 
% 

2012–2017 
2018 
2018 
2017 

World Bank 
UNSTAT 
UNSTAT 
UNSTAT 

AQUASTAT = Aqua Statistics – Food and Agriculture Organization of the United Nations’ Global Information System on 

Water and Agriculture, CPI = Corruption Perceptions Index, GDP = gross domestic product, ODA = official development 
assistance, UNSTAT = United Nations Statistics Division.  

Source: Asian Development Bank. 

7.4 Indicator	3	-	Capacity	
 

7.4.1 Scoring	Methodology	
 
The capacity indicator has been constructed from five sub-indicators: 

• Economic capacity: Derived from measures of gross domestic savings as a percentage of 
national GDP and GDP per capita, this sub-indicator assesses the capacity of the population 
to absorb economic damage and provide resilience for themselves and their family.  

• Reservoir capacity: This sub-indicator uses data for total national reservoir volumetric 
capacity normalized by national population. It represents national controls of river systems, 
which protect populations from flood and drought. It is not used to assess meteorological 
capacity.  

• ICT capacity: This sub-indicator assesses the ubiquity of cell phone subscriptions and internet 
connectivity across the population. Connectivity offers people a fast, simple mode of early 
warning to build resilience against both fast- and slow-onset disasters.   

• Educational capacity: For this sub-indicator, literacy and primary school completion rates are 
used as a basic assessment of the society’s educational capacity and whether people have 
the knowledge needed to navigate disaster situations.  

• Agricultural capacity: For this sub-indicator, irrigated land as a percentage of total 
agricultural land is used to assess a nation’s infrastructural capacity to resist drought. This 
sub-indicator is only used in the assessment of climatological capacity.  
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7.4.2 Data	Sources	Used	
 
The data sources for the capacity sub-indicators are presented in Table 64.  
 

Table 64: Data Sources Used for Capacity Indicator in Key Dimension 5 

Indicator / Sub-indicator Measure Unit Data Years Database / Reference 
Capacity     
Economic capacity GDP per capita 

Gross domestic savings 
as % of GDP 

USD/capita 
% 

2018 
2017 

World Bank 
World Bank 

Reservoir capacity Reservoir capacity m3/capita 2019 Global Reservoir and Dam 
Database 

ICT capacity Mobile subscriptions 
Internet subscriptions 

% 
% 

2017 
2017 

UNSTAT 
UNSTAT 

Educational capacity Literacy rate 
Primary school 
enrolment rate 

% 
% 

2012–2017 
2010–2017 

UNSTAT 
UNSTAT 

Agricultural infrastructure Land equipped for 
irrigation/total 

% 2016 FAOSTAT 

Other Population  2018 UNSTAT 
FAOSTAT = Food and Agriculture Organization of the United Nations (FAO) Statistics – FAO statistical database, GDP = 
gross domestic product, ICT = information and communication technology, m3 = cubic meter, UNSTAT = United Nations 

Statistics Division. 

Sources: Asian Development Bank; and Global Reservoir and Dam Database. 
http://globaldamwatch.org/data/#core_global. 

 

7.5 Source	Data	Coverage	and	Dealing	with	Missing	Source	Data		
 
In calculating KD5, it was found that about 10% of the source data needed were either missing or 
incomplete. In these cases, regional experts were consulted to develop expertly assessed estimates 
to fill in the data. Experts were asked to fill in values at the sub-sub-indicator level. Where source 
data were available, sub-sub-indicators from other regional countries were calculated and provided 
to the experts to guide them in estimating sub-sub-indicator values for the missing source data on a 
relative basis. Each region was assessed by at least one expert from each of ADB’s regional 
departments, along with other regional experts selected from academic and internationally 
reputable organizations. The expertly assessed estimates have been averaged. The inclusion of 
expert assessment generates a full set of sub-indicators from which to calculate KD5. 
 
To provide additional grounding for assessments of hydrological and meteorological impacts, data 
from the World Resource Institute was used as an adjustment on the expert assessments, as follows:  

• Riverine data was used to adjust 13 countries’ hydrological impact score. 
• Coastal data was used to adjust five countries’ meteorological impact score. 

 
The expert assessment approach was taken at the sub-indicator level for the following reasons:  

• It allowed for the use of all available data. If the data for one or two sub-indicators is missing 
for any nation, those can be assessed through expert opinion, allowing the remaining 11 or 
12 sub-indicators of the available data to stay in the methodology. This meant KD5 could 
incorporate the available data to the greatest possible extent.  
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• Inputting expert assessments early in the calculation process limited the impact of inherent 
human bias. The experts were not told the full calculation process of KD5 and therefore did 
not have a full picture of how their assessments would influence the final KD5 score. This 
approach also ensured the sub-indicators are input into the same calculation process for 
each nation, which provides them equal treatment and minimizes sub-conscious bias.   

 

7.6 Overall	Assessment	and	Recommendations	on	Key	Dimension	5		
 
Shifting from resilience to risk has introduced a fundamental change in how KD5 is calculated, which 
has required amendments to the previous KD5 methodology. These amendments became the focus 
of the work done in AWDO 2020. Further improvements to KD5 are possible. As such, several issues 
should be explored under future editions of KD5. 
 
An overall review of the source data used to formulate KD5 should take place. In 2013, the 
International Centre for Water Hazard and Risk Management (ICHARM) reviewed the source data 
sets when they developed the KD5 methodology. For AWDO 2020, most of the same data sets were 
used, with changes made to the methodology to fit the shift to risk. By the next AWDO, about 10 
years will have passed since ICHARM’s original data review, and further progress in assessing 
disaster risk should be expected. It is recommended that for the next AWDO, all available data sets 
are fully reviewed to assess their relevance to water-related disaster risk and explore whether better 
and more relevant and complete source data sets are available. A review assessment of the EM-DAT 
should also be carried out. The EM-DAT is incomplete and imperfect, but it is the best available data 
set for hazard-exposure. With UNDRR and other agencies tackling the challenge of the paucity of 
disaster risk data available globally, breakthroughs can be expected in the next 5 years. It is 
recommended to consider any new source data sets for incorporation into KD5 alongside the EM-
DAT data to create more robust assessments of hazard-exposure.  
 
Water-related disasters are inherently spatial events that can impact large or small regions, through 
events such as a regional drought or a localized thunderstorm. Enhancing the spatial resolution of 
KD5 could be an area for future effort. This could be done, for example, through the analysis of 
geospatial data, such as flood risk maps overlaid with population and asset distribution. Spatially 
resolving water-related disasters could improve KD5, which would support the formulation of 
spatially distributed flood risk mitigation measures and policies.  
 
In AWDO 2020, relative assessments of countries are made based on normalizations across the 
available source data. This means nations are being compared to one another with the highest score 
being set as the “ideal” and lowest as the “worst-case scenario”. Of course, the “ideal” number of 
people impacted by water-related disaster is zero. However, in much of Asia and the Pacific this 
ideal goal is not practical; therefore, using relative assessments provides a practically achievable 
standard. It is recommended that in future AWDO editions assessments for KD5 are based not 
simply on a relative comparison but also account for regional goals and how these might be 
reflected in the data. Assessments could then be set through a new normalization methodology 
based on these regional goals. 
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8 National	Water	Security	–	Adding	the	Key	Dimensions	
 

8.1 The	National	Water	Security	Score		
 
The national water security (NWS) score was determined by adding the scores of the 5 KDs. The 
maximum total score is 100. Based on the criteria, these scores have been translated into the five 
stages of water security: nascent, engaged, capable, effective, and model (Table 1). An overview of 
the NWS scores and NWS stages—the NWS Index (NWSI)—is given in Table 65.  
 
Table 65 provides a summary of the more detailed tables in Appendix 3 that include all scores and 
indices of the five KDs:  

• Table A3.6: Overview of Key Dimension and National Water Security Scores for 2013, 2016, 
and 2020  

• Table A3.7: Changes in Scores over 2013, 2016, and 2020 
• Table A3.8: Stages of Water Security for Key Dimensions and National Water Security in 

2013, 2016, and 2020 
• Table A3.9: Changes in Water Security Stages over 2013, 2016, and 2020  

 
The scoring approach of NWS and the banding in water security stages was described in section 2.3. 
The results are described in the main AWDO 2020 document. 
 

8.2 Development	of	National	Water	Security	Over	Time	
 
Table 65 analyzes the development of the scores and stages over time (2013–2016–2020), as well as 
the position of ADB members in the rank table. 
 
The first two columns show the changes of the NWS scores over time for ADB members. The 
changes over time are rounded to full integers, considering the accuracy of the scores. Of particular 
interest is the change between 2013 (the first quantified AWDO) and 2020. This shows the major 
progress of the People’s Republic of China (PRC) (+16 points out of 100) and of the Kyrgyz Republic, 
the Maldives, and Palau (all +10). Three countries score lower in 2020: Solomon Islands (-3), Republic 
of Korea (-2), and Vanuatu (-1).  
 
The third column shows the rank of ADB members in 2013 and 2020. This column confirms the 
major progress of Maldives (+13) and PRC (+11). The shift in rank can be due to small differences 
between the scores of ADB members. 
 
The fourth and fifth column show the changes of the NWSI (the development stages) over time of 
ADB members. The comparison between 2020 and 2013 shows many countries moved up one stage.  
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Table 65: National Water Security Scores, Stages, and Changes Over 2013, 2016, and 2020 

 
ADB = Asian Development Bank, NWS = national water security, NWSI = National Water Security Index. 
Source: Asian Development Bank. 
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9 Impact	of	Methodological	Changes	of	AWDO	2020	on	the	Scores	as	
Published	in	AWDO	2013	and	AWDO	2016	

 
The methodologies to derive the KD scores in AWDO 2020 have been changed compared to the 
2013 and 2016 versions. This means AWDO 2020 results cannot be directly compared to published 
AWDO 2013 and AWDO 2016 results. To make this comparison possible and to detect trends in the 
development of the KD scores, the AWDO 2013 and AWDO 2016 have been recalculated by applying 
the AWDO 2020 methodology to the 2013 and 2016 source data.  
 
This chapter describes the analysis carried out to determine the impact of change in methodology on 
the scores as published in the previous AWDO documents. This has been done by comparing the KD 
scores of AWDO 2016 as published with the AWDO 2016 as adjusted and included in the AWDO 
2020 document. A similar analysis comparing AWDO 2013 as published and AWDO 2013 adjusted is 
not considered useful because of earlier changes in the methodology between 2016 and 2013. For 
the impact of those changes, reference is made to the Methodology Report of AWDO 2016.65 
 
An overview of all KD and NWS scores as published and adjusted for AWDO 2013 and AWDO 2016 
and the AWDO 2020 scores is given in Appendix 4. The AWDO 2013 results are presented for 
reference only. The analysis of the impacts of the methodology change was done by comparing the 
KD and NWS scores for 2016. The differences in the adjusted and published scores are shown in 
Table 66. This table shows the impact of the methodology change on the scores, stages (index) and 
rank of the 48 countries addressed in AWDO 2016. The statistics of the changes of the scores are 
given in Table 67. Niue is not included in these tables as the country was not included in AWDO 
2016.  
 
The changes in scores are substantial (Table 66 and Table 67). The change in KD scores range from -
10 to +11 (on a 20-point scale) and the change in NWS score from -15 to +26 (on a 100-point scale). 
The changes in KD1 and KD2 are relatively small; both have slightly lower scores in their average 
score (-0.1 for KD1 and -0.4 for KD2). The changes in KD3 and KD4 are moderate, with a higher 
average score of 1.2 for KD3 and 1.6 for KD4 (out of 20). The changes in KD5 are big: the average 
score of KD5 in the adjusted version is 4.7 points higher than in the published AWDO 2016 version.  
 
The changes in stages (index) of the countries show that five countries (Brunei Darussalam, Fiji, 
Marshall Islands, Micronesia, and Tuvalu) moved down one stage while 16 countries moved up one 
stage (Table 66).      
 
Table 66 also shows the impacts of the new methodology on the ranking of ADB members. This 
ranking is done based on their NWS score, with rank 1 given to the ADB member with the highest 
score (New Zealand) and rank 48 to the ADB member with the lowest score. The table shows that 
some ADB members moved up considerably (e.g., Philippines moved from rank 38 to 16) and other 
ADB members got a much lower rank (e.g., Micronesia moved from rank 23 to 48). 
 

 
65 ADB. 2017. Asian Water Development Outlook 2016, Description of Methodology and Data. Manila. 
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Table 66: Changes in Key Dimension Scores between 2016 Published and 2016 Adjusted 

 
KD = key dimension, NWS = national water security.  
Source: Asian Development Bank. 

 
Table 67: Statistics of Changes between 2016 Published and 2016 Adjusted 

 
KD = key dimension, NWS = national water security. 
Note: Numbers may not sum precisely because of rounding. 
Source: Asian Development Bank. 

 

KD1 KD2 KD3 KD4 KD5 NWS
Change in sum of scores -4 -18 59 80 232 349

Change in average of scores -0.1 -0.4 1.2 1.6 4.7 7.1
Up 4 points and more 1 1 16 16 33 31
Up 3 points 6 5 2 5 3 1
Up 2 points 7 2 5 10 2 3
Up 1 point 5 5 6 1 2 2
Down 1 point 7 8 2 1 3 2
Down 2 points 3 8 3 1 2 3
Down 3 points 3 5 4 5 1 2
Down 4 points and more 4 2 7 5 0 4
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The documented changes were analyzed by the KD teams and discussed with regional experts. The 
main conclusions were as follows. 
 
The new methodology has included new variables and used in some cases other (better) data 
sources. KD1 now covers only rural water supply and sanitation. KD4 abandoned the modelling 
approach of AWDO 2016 and is now fully data based. KD5 now includes hazard, while the AWDO 
2016 methodology only calculated resilience. This makes the comparison between published and 
adjusted somewhat irrelevant and impractical, particularly for KD4 and KD5.  
 
In the analysis by the KD teams and discussion with regional experts special attention was given to 
the cases in which there were big changes in the rank of individual ADB members. The reasons for 
the jumps (besides the mentioned change in methodology and source data used) were under- and 
over-estimates of the published AWDO scores. This was particularly the case for the scores of Pacific 
island countries, as source data was missing, and expert estimates had to be used in AWDO 2016.  
 
The overall conclusion was that the adjusted scores for 2016 provide a better representation of the 
water security of ADB members than those published in AWDO 2016.  
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10 Banding	of	National	Water	Security	Scores	into	Stages	of	Water	
Security	Development	

10.1 Introduction	
 
The KD scores are all based on best scientific practice. The banding as applied in AWDO 2020 for all 
KDs and the NWS lack such a scientific base. The low and high bands of the KDs are based on expert 
judgment (the KD teams). As AWDO is mainly a communication tool (for countries to further 
improve their water security), this is considered acceptable for AWDO 2020. But based on the 
experience gained with three AWDOs (2013, 2016, and 2020), it is recommended that this banding 
be given attention in the next AWDO. In section 10.5, suggestions are made on how to improve this. 
 
Because of the new methodology, the banding as applied in AWDO 2020 was different from the 
AWDO 2016 version. These changes included: 

• the lower band of the NWS was increased from 36 to 42 (out of 100); and 
• the lower band of KD4 and KD5 was increased from 7.2 to 8.4 (out of 20), 

o keeping the lower bands of KD1, KD2, and KD3 at 7.2 (consistent with 2016) and 
o making the new lower band of 8.4 consistent with the NWS banding (8.4 = 42/5). 

 
Increasing the lower band of NWS was needed to stay somewhat consistent with the published 
results of AWDO 2013 and AWDO 2016. In AWDO 2020, the methodology for all KDs were adjusted 
(see section 2.8). Applying the adjusted methodology to 2013 and 2016 and keeping the bands the 
same would result in zero countries in the lowest “nascent” stage (called “hazardous” in AWDO 2013 
and AWDO 2016). In the published AWDO 2013 and AWDO 2016, several countries were in that 
lowest stage. In the AWDO 2013 report, eight countries were in the nascent stage (Afghanistan,66 
Bangladesh, Cambodia, India, Kiribati, Nauru, Pakistan, and Tuvalu). In the AWDO 2016 report, four 
countries were in the nascent stage (Afghanistan, Micronesia, Pakistan, and Papua New Guinea). 
Increasing the lower band of NWS resulted in a more consistent number of countries being in the 
nascent stage for AWDO 2013 and AWDO 2016, recalculated with the AWDO 2020 methodology. 
 
In addition, the following points on the banding were addressed in preparing for AWDO 2020: 

• Setting the lower band at 42, leaving only one country (Afghanistan) in the lowest stage. 
Slightly increasing the lower band (e.g., 44) will move more countries to the lowest stage.  

• The upper band is set at 96. Decreasing that lower band will move some countries to the 
“model” stage (e.g., New Zealand). 

• The consistency of the banding among the KDs and with the NWS.  
• The need for a better scientific base for the banding. 

 
The structure of the bandings in AWDO 2020 is as follows: 

• The low and high bands (now 42 and 96) define the lowest and highest bands. 
• The three middle bands are equal in width.  

 
66 ADB placed on hold its assistance in Afghanistan effective 15 August 2021. ADB Statement on Afghanistan | 
Asian Development Bank (published on 10 November 2021). Manila. 
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10.2 Setting	the	Lower	Band	
 
The idea behind a further increase of the lower band is to move more countries to the lowest stage. 
From the bottom up, the countries involved were Afghanistan (39.5), Micronesia (42.0), Papua New 
Guinea (42.8), Pakistan (42.7), and India (46.8). Alternative lower bands could be 43 or 44. The 
higher band is kept at 96. The bands of these two alternatives would become:  

• Alternative 1: 43–60.7–78.3–96 
• Alternative 2: 44–61.3 –78.7–96 

 
The results are presented in Figure 18. 
 

Figure 18: Exercises with Increasing the Lower Band 

Low 42: 0–42–60–78–96 = present banding  

  
Low 43: 0–43 – 60.7 – 78.3 - 96  

  
Low 44: 0 - 44 – 61.3 – 78.7 – 96  

  
Source: Asian Development Bank. 

 
The results show that: 

• Setting a higher low band mainly effects the number of countries in the nascent stage; the 
impact of the number of countries in the other 3 stages is limited and seems acceptable. 
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• Changing the low band was a management decision, deciding to leave Afghanistan alone in 
the nascent stage or to have more countries in that stage. In that case the low band can be 
set at 43. 

• Based on the information the ADB AWDO team decided that the lower band was put at 42 
and that only Afghanistan remained in the nascent stage. 
 

10.3 Lowering	the	Upper	Band	
 
With the upper band at 96 no countries are in the highest (Model) stage. Lowering the higher band 
would result in some countries to enter that stage. The following has been considered: 

• The lower band is kept at 42, which results in only Afghanistan in the nascent stage. 
• Calculations were made with the upper band at 87 and 90 (instead of 96). 
• The width of the bands (engaged, capable, and effective) between 42 and the upper band is 

kept equal: for an upper band of 96, the width was 18; for an upper band of 87, the width 
becomes 15; and for an upper band of 90, the width becomes 16.  

 
The results are given in Figure 19. 
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Figure 19: Exercises with Lowering the Upper Band 

Max 96: 0–42–60–78–96 = present banding  

  
Max 87: 0–42–57–72–87  

  
Max 90: 0–42–58–74–90  

  
ADB = Asian Development Bank, NWSI = National Water Security Index.  

Source: Asian Development Bank. 

 
The impacts of changing the upper band are as follows: 

• No changes in the nascent stage, as expected. 
• In all three cases, from 2013 to 2020 a nice trend of downward for nascent and upward for 

effective can be observed, which would indicate progress. 
• An upper band of 87 would result in the following: 

o Three countries move to the model stage: Australia, Japan, and New Zealand.  
o Several other countries move up in stage—the effective stage grows from seven to 

11 countries. This means that seven countries move from capable to effective. 
o In 2020, 15 countries are still in the sub-optimal stages (nascent and engaged), 

compared to 22 countries with the upper band at 96. 
o The big increase in population from capable to effective in 2020 is because the PRC 

(score 72.7) is one of the countries that moves to effective. 
o The increase in population from engaged to capable in 2013 is also caused by the 

PRC. (PRC values are 75.1 for 2013, 71.5 for 2016, and 72.7 for 2020.) 
• An upper band of 90 would result in the following: 
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o No countries are in the model stage. 
o Countries in the effective stage in 2020 increase from 7 to 9. 
o In 2020, 16 countries remain in sub-optimal stages, compared to 22 countries with 

the upper band at 96. 
o The overall picture is similar as with the upper band at 96. 
o Three countries are close to model. 

 
Conclusions from these exercises include the following: 

• Both alternative options are acceptable and do not give results that are difficult to explain. 
• A high band of 90 does not give a very different picture than that with the high band at 96. 
• A high band of 87 gives a clear alternate picture, with three countries in the top stage 
• If a high band of 87 is selected, a change for the indication of “model” should be considered. 

“Model” is unrealistic for a country such as Australia with regular droughts and floods. 
 
The AWDO team discussed these results and decided to leave the high band for AWDO 2020 at 96.  
 

10.4 Consistency	between	Key	Dimension	and	National	Water	Security	
Banding	

 
The original bandings as developed by the KD-teams are given in Table 68. This tables shows the 
inconsistency between the sum of several bands of the KDs and the bands of NWS. The bands of KD4 
and KD5 are consistent with the bands of NWS as dividing the NWS band by 5 results in the same 
bands of KD4 and KD5.  
 

Table 68: Original Bandings as Developed by the Key Dimension Teams 

 
KD = key dimension, NWS = national water security. 

Source: Asian Development Bank. 

 
Adjusting the bands of KD1, KD2, and KD3 to make them consistent with the NWS bands (and equal 
to the bands of KD4 and KD5) will not change the number of countries in the NWS bands. This will 
only change the number of countries in the bands of KD1, KD2, and KD3 (Figure 20). 
 
 
 
 
 
 
 

KD1 KD2 KD3 KD4 KD5 Sum KD NWS
Nascent 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Engaged 7.2 7.2 7.2 8.4 8.4 38.4 42.0
Capable 11.2 11.2 11.2 12.0 12.0 57.6 60.0
Effective 15.0 15.0 15.0 15.6 15.6 76.2 78.0
Model 19.2 19.2 19.2 19.2 19.2 96.0 96.0
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Figure 20: Analysis of Impact of Inconsistency in Banding of the Key Dimensions 

KD1: Present Banding Consistent Banding 

  
KD2: Present Banding Consistent Banding 

  
KD3: Present Banding Consistent Banding 

 
KD = key dimension. 
Source: Asian Development Bank. 

 
 

 
The conclusions from this analysis include the following: 

• More countries are in the nascent stage in KD1, KD2, and KD3; this is expected, as the lower 
bound was set higher. 

• The overall pictures for KD1, KD2, and KD3 seem acceptable and can be explained. 
 
Based on this analysis, it was decided to adjust the original bandings of KD1, KD2 and KD3 and make 
them consistent with KD4, KD5, and NWS. This is how it was implemented in AWDO 2020. 

10.5 Recommendation	to	Improve	the	Scientific	Base	for	the	Banding	in	
next	AWDO	

 
To improve the scientific base for banding in the next AWDO, the following should be considered. 
 
First, the scoring of the KDs should be made more consistent. Table 69 gives an overview of some 
characteristics for the AWDO 2020 scores of the KDs. The table shows that the scoring results differ 
by KD. In particular the scores of KD2 and KD4 deviate as follows: 
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• KD2 – small variation (all the same) and low max score (hard to please) 
• KD4 – even smaller variation and a high minimal score (easy to please) 

 
Table 69: Statistical Characteristics of Key Dimension Scores in AWDO 2020 

 
KD = key dimension.  

Source: Asian Development Bank. 

 
For the next AWDO, the scores should have more comparable statistical characteristics. This can be 
done at the start of the KD development but also as a post-processor.  
 
Second, each KD team should be asked to define their own banding (at the scale of 0–20) based on 
their judgement what is seen as nascent, engaged, capable, effective, and model for the KD. This will 
result in different bandings for each KD. The banding of the NWS will then be the sum of the 
individual KD bandings. 
 
Third, the use quintiles or fixed number of countries in each band should be considered: e.g., the top 
five, bottom five, and three bands in between (each 13 countries). The message of AWDO will then 
become positive for individual countries that move up in band or negative if they are warned their 
country has dropped a band.  
 
 

KD1 KD2 KD3 KD4 KD5
Average 12.2 11.3 12.5 12.8 13.9

St-Deviation 4.6 3.0 3.9 2.8 4.0
Minimum 4.0 4.0 4.7 7.6 4.8
Maximum 20.0 16.4 19.4 18.8 20.0
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11 General	Assessment	of	Methodological	Approach	AWDO	2020	
 
The methodology of AWDO is in development. AWDO 2020 is a refinement of AWDO 2016, while 
AWDO 2016 was developed based on experience gained with AWDO 2013. The next versions of 
AWDO will certainly consider further refinements. This chapter presents reflections on AWDO 2020 
as well as recommendations on how to further develop the methodology for the next AWDO. 
 
The general recommendation for the next AWDO report (for example, AWDO 2024) is to start the 
project by carrying out a detailed assessment of the overall AWDO framework. Based on this 
assessment, to be done in consultation with ADB members, a coherent and consistent framework 
should be defined for the KDs, accounting for the availability of accessible source data. 
  

11.1 Assessment	of	AWDO	2020	Methodology	
 
The methodology as applied in AWDO 2020 has a solid scientific base and uses the latest scientific 
insights on the dimensions of water security. AWDO remains a balance between these latest 
scientific insights and a consistent applicability for all 49 ADB members, within a reasonable input of 
resources (time and budget). This section gives an overview of the main points that came up when 
developing AWDO 2020. These can be considered in preparing the next version. 
 

11.1.1 General	AWDO	Methodology	
 
Assessment Framework 
Based on the general AWDO approach, each KD team developed its own assessment framework. 
Using a common base framework for all KDs, to be further detailed and filled in by each KD, should 
be considered. Possible common base frameworks could be the Driver-Pressure-State-Impact-
Response risk framework or a resilience framework, which is often used in water security. 
 
Interaction of Key Dimensions with One Another 
Some KDs are defined according to water use: household (KD1), economic (KD2), and environmental 
(KD4). Other KDs are defined spatially: rural (KD1) and urban (KD3). However, risk (KD5) appears to 
be overarching and an element inside each KD. This leads to potential for overlap and double 
counting. This complexity is not fully understood and clear direction to avoid overlaps is needed.  
 
Impact of Averaging of Key Dimensions on National Water Security 
Using the sum of all KDs as the NWS score may be misleading. If a country is weak in one area of 
water security but strong in others, it could be argued that the country is weak overall. For example, 
if one country scores 15 for each KD (75 total) and another scores 20 for four KDs and 1 for the final 
KD (81 total), the second would have a higher score in AWDO. In such an example, the statement 
that the second country has better water security is misleading and overly simplistic. This could be 
addressed by considering the variance of the KD scores with the NWS. 
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Scoring and Banding 
For AWDO 2020, each KD team developed its own scoring approach and banding. As described in 
Chapter 10, this resulted in differences in the statistical characteristics of the scores (Table 69), while 
the applied banding approach could benefit from a more scientific base. KD4 applied a banding 
based on a hierarchical aggregation approach, using quintiles of the AWDO 2016 scores of the (sub-) 
indicators to define the bandings for all years. For the next AWDO, it is recommended to use a 
scoring approach that results in KD scores with similar statistical characteristics and a uniform 
banding approach.  
 
Banding of the Sub-indicators and Indicators 
The general approach of all KDs is to band the scores of the indicators (and sub-indicators and sub-
sub-indicators) in five bands. This is an approach from AWDO 2013. This banding approach was 
introduced to acknowledge the inaccuracy of some of the source data used. The disadvantage of this 
approach is that information gets lost. Countries with scores 2.6 and 3.4 receive the same banded 
score of 3 while their performance is quite different. In AWDO 2020, the banding approach at the 
indicator level for KD5 was abandoned for this reason and use was made of a continuous score 
between 1 and 5. This should also be considered for the (sub-)indicators in other KDs. 
 
Spatial Scale 
There is a clear need for regional differentiation within countries. For large countries such as India, 
Indonesia, and the PRC, and/or for countries with major regional differences (e.g., Mongolia), a more 
differentiated approach is preferred. Similarly, a river basin approach could be considered. In AWDO 
2020, progress was made on this by including country case studies (Karnataka and Thailand). Use can 
also be made by water security assessments based on the AWDO methodology carried out by 
countries such as from Bhutan, Mongolia, and the PRC.  
 
Small Island Countries 
At the other end of the spatial scale, a separate approach for small island countries should be 
considered. The size of some of these countries makes it difficult to apply remote sensing data as is 
used in KD2 and KD4. The KD4 methodological approach is not applicable in the present situation 
while also some of the KD3 results are questionable. It is expected that remote sensing data will be 
used more in the next AWDO, which will be an additional argument to consider a different approach 
for small island states (e.g., by using specific data and making more use of expert estimates). 
 
Towards a Real “Outlook” – What Are the Risks Involved? 
AWDO assesses water security for the present situation. In AWDO 2020, this was extended by 
including a risk analysis in the KD methodologies. KD1 and KD3 already did this to some extent by 
identifying risk factors to determine the risk to future security in their KD. KD4 proposed the use of 
the statistical-model-based River Health Index approach as used in AWDO 2016 for KD4 as a risk 
map. All KDs included a qualitative risk analysis in their analyses. These were summarized in the 
AWDO 2020 main report. It is recommended this risk analysis be made an integral part of the KD 
methodologies.  
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Linkage with Sustainable Development Goals 
The Agenda 2030 for Sustainable Development and the SDGs have initiated a process of data 
collection to monitor progress in achieving the SDG targets. AWDO 2020 has made links with several 
SDGs and in some cases uses the same data sources. It is expected that the data-collection process 
for the SDGs will develop further in coming years. Making further use of these SDG data sources 
should be considered, as they are generally accepted by the countries and this will ensure 
consistency with SDG analyses and conclusions. 
 
Ground Truthing  
The KD teams based their analyses on the source data available to them. As they have to conduct 
analyses for all, they have to rely on general databases and information. Where additional 
information was available, they tried to incorporate it. Still, during the consultations the teams had 
with regional departments and country offices, additional information arose. In some cases, this led 
to score adjustments, although the KD teams had to ensure consistency with the general data used. 
In other cases, this led to adding qualitative clarifications of the scores—often stating that the 
AWDO score might be pessimistic considering ongoing developments in the country. Consultation 
for AWDO 2020 was done when the analyses were nearly completed. It is recommended to have this 
consultation earlier in the process for the next AWDO.   
 
Governance and Finance 
Within the AWDO 2020 framework, separate studies were carried out by the Organisation for 
Economic Co-operation and Development (OECD) on the governance and finance needs. The results 
of these studies were included in AWDO 2020 as a stand-alone addition to the NWS and KD results, 
and some links were made between the KDs and governance. For the next AWDO, it should be 
explored how to better integrate governance and finance in the KD analyses.    
 
AWDO Data Management System and Serious Game 
In AWDO 2020, a start was made with a data management system or dashboard that would enable 
access to all AWDO 2020 data. The management system will be an interactive online tool that will 
enable interested users and stakeholders to explore data by means of data visualization and online 
analyses. It will also enable access to the (downloadable) data of the KDs and NWS and underlying 
AWDO documentation. A next step could be to develop a Serious Game that will provide “players” 
insight to the AWDO approach, results, and ways to improve water security by taking actions. 
 

11.1.2 Assessment	of	the	Individual	Key	Dimensions	
 
While Chapters 3–7 include assessment of the five KDs, the main points are summarized as follows. 
Source data availability is mentioned as a major constraint for nearly all KDs.  
 
Key Dimension 1 – Rural Household Water Security 

• The KD1 assessment will benefit if the Joint Monitoring Programme (JMP) data on safely 
management drinking water supply and sanitation will cover all countries.  

• For the health and affordability indicators, national data had to be used, as no distinction 
was made between urban and rural data.  
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• More attention needs to be given to social inclusiveness in rural water security, e.g., by 
focusing on gender and disadvantaged groups.  

 
Key Dimension 2 – Economic Water Security 

• While the KD2 methodology includes environmental flows as a demand for water, the costs 
of providing environmental flows are not considered directly. In general, water quality and 
the costs of providing quality water for demands are not considered. This might require a 
stronger link with KD4, taking care that overlap is avoided. 

• The same applies to the costs of droughts and floods and the costs of managing those risks. 
This should be linked with KD5 while avoiding overlap between the two KDs. 

• Water reuse is not taken into account, which oversimplifies the calculation of water 
productivity. Making use of ground data would improve estimates for water use efficiency 
and productivity. 

• There is a possibility to better use monitoring data from the SDGs, such as from SDG 6.4.2. 
on water stress, 6.4.2 on water use efficiency. The KD2 methodology could also be adapted 
to use the energy indicators in SDG 7 and industry indicators in SDG 8 and SDG 9.  

 
Key Dimension 3 – Urban Water Security 

• For KD3, further delineation is needed between rural and urban, including the position of 
informal settlements. 

• The KD3 analysis focuses on water supply and sanitation. More attention (and weight) needs 
to be given to urban water quality and urban flooding. Ultimately, this will lead to the 
inclusion of the higher components of the Water Sensitive Cities Framework (addressing 
sustainability and livability). 

• The water supply indicator can potentially be improved using additional information on 
supply interruption and volumetric use. As with KD1, data on safely managed water supply 
will also improve the indicator. 

• The sanitation indicator can be improved by including treatment of sanitation waste (solid 
and liquid). 

 
Key Dimension 4 – Environmental Water Security 

• Several (sub-)indicators of KD4 might benefit from improved access to emerging remote 
sensing technologies. This will allow for expanding the methodology with ice mass in the 
cryosphere, sedimentation in rivers, wetlands and coastal zones, water quality parameters in 
rivers and wetlands, and enhanced connectivity assessments.  

• The water quality sub-indicator is based on pollution load data and the Sustainable Nitrogen 
Management Index (SNMI). This is due to unavailability (at the scale of AWDO) of actual 
water quality data (and the complexity and many dimensions of water quality).  

 
Key Dimension 5 – Water-Related Disaster Security 

• Although KD5 now includes risk, the source data used is still based on the approach as 
developed by the International Centre for Water Hazard and Risk Management (ICHARM) for 
AWDO 2013. The data sources should be reviewed for the next AWDO. It is expected that 
new data will become available from the work done by the United Nations Office for 
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Disaster Risk Reduction (UNDRR) and other agencies to address the paucity of disaster risk 
data available globally.  

• Any data source review should include a review of the Emergency Events Database (EM-
DAT). This database is incomplete and imperfect but is the best available data set for hazard-
exposure. The temporal and spatial dimensions of EM-DAT should also be considered. Data 
of the last 10 years is being used but interventions taken by countries to reduce the risk in 
that time period are not considered. The spatial dimension is that small countries are more 
heavily impacted by events that have taken place (or not) in the time period. In larger 
countries, averaging over the country will reduce the impact of a single event.  

• The spatial resolution in KD5 could be an area for future effort as water-related disasters, 
such as regional droughts or localized thunderstorms, can affect large or small regions. 
Geospatial data from flood risk maps, overlaid with population and asset distribution, might 
improve the assessment. 

• The methodology is based on a comparison between countries by a normalization approach 
across the available data. The relative assessment could be replaced by an approach in 
which the goals of risk reduction are considered and in which the normalization 
methodology is based on these regional goals. 

 

11.2 Further	Development	of	AWDO	Methodology	
 
AWDO has to find a balance between the latest scientific insights and source data on water security 
and the consistent applicability of this insight and source data for all 49 ADB members, within a 
reasonable input of available resources (time and budget). As mentioned, it is recommended to start 
the next AWDO project by carrying out a detailed assessment of the overall AWDO framework, 
taking into account the experience from AWDO 2020 as described in section 11.1.  
 
The primary function of AWDO is communication with stakeholders. AWDO provides information 
and possible incentives for stakeholders to improve water security. As such, it is recommended that 
the next AWDO project begins with an inventory of the information stakeholders need and/or 
expect from AWDO. This will not only improve the usefulness of AWDO but will also initiate 
continuous interaction with stakeholders for the process, as needed for the ground truthing of 
results. 
 
From a technical perspective, it is expected that a next AWDO will be able to make more intensive 
use of global source data, including the improved access of high-quality remote sensing data. This 
will change the AWDO approach from a simple spreadsheet exercise, as was the case in AWDO 2013, 
to a more data intensive project. AWDO 2020 has started this transition through KD2 and KD4. The 
availability of monitoring data of the SDGs should also be considered, not only for their quality 
inputs but also to ensure consistency with Agenda 2030.  
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Appendix	1:	Stages	of	Water	Security	of	the	Five	Key	Dimensions	
 

 KD1 KD2 KD3 KD4 KD5 

M
od

el
 - 

5 

All rural households have 
access to at least basic 
water supply and 
sanitation, there is minimal 
WASH-attributable disease 
burden, and water services 
are cheap. 

Economic water security potential is very high, 
meeting almost all of the following criteria: 
• Sufficient water is available to sustainably 

meet all demands, including environmental 

requirements.  

• Sufficient storage and infrastructure are 

available to meet demands reliably, as well 

as reduce flood and drought losses to 

acceptable levels.  

• The agricultural, energy, and industrial 

sectors are all using water efficiently and 

productively.  

• The country is secure and self-sufficient in its 

production of goods in these sectors, so no 

additional water is required for self-

sufficiency. 

• Monitoring is performed regularly, and data 

and information is available for assessing 

and adjusting management when needed. 

A very high proportion of the 
urban population are receiving 
affordable, safely managed 
water and sanitation services, 
with low economic impacts of 
floods and storms and high 
environmental water security. 

Very good outcomes 
of environmental 
governance and very 
limited pressure on 
aquatic ecosystems. 

Full 
achievement 
with 
sustained 
commitment 
to disaster 
risk reduction 
actions. 

Ef
fe

ct
iv

e 
-  4

 The vast majority of rural 
households have access to 
at least basic water supply 
and sanitation, there is low 
WASH-attributable disease 
burden, and water services 
are cheap. 

Economic water security potential is high, with 
many of the criteria being met. 

A high proportion of the urban 
population are receiving 
affordable, safely managed 
water and sanitation services, 
with low economic impacts of 
floods and storms and high 
environmental water security. 

Moderate-to-good 
outcomes of 
environmental 
governance, and 
limited pressures on 
aquatic ecosystems. 

Systematic 
commitment 
at policy level 
to reduction 
of disaster 
risk. 

Ca
pa

bl
e 

-  3
 

A significant majority of 
rural households have 
access to at least basic 
water supply and 
sanitation, there is 
moderate WASH-
attributable disease 
burden, and water services 
are affordable. 

Economic water security potential is moderate, 
with only some of the criteria being met. 

A moderate proportion of the 
urban population are receiving 
affordable, safely managed 
water and sanitation services, 
with acceptable economic 
impacts of floods and storms 
and acceptable environmental 
water security. 

Potentially moderate 
outcomes of 
environmental 
governance and 
pressure on aquatic 
ecosystems, or very 
good outcomes in 
one and poor 
performance in the 
other. 

Institutional 
commitment 
to reduction 
of disaster 
risk. 

En
ga

ge
d 

-  2
 

A significant majority of 
rural households have 
access to at least basic 
water supply, but there is a 
significant number of 
households without access 
to basic sanitation; there is 
high WASH-attributable 
disease burden, but water 
services are affordable. 

Economic water security potential is low, with 
few of the criteria being met. 

A low proportion of the urban 
population are receiving 
affordable, safely managed 
water and sanitation services, 
with potentially high economic 
impacts of floods and storms 
and low environmental water 
security. 

Moderate-to-poor 
outcomes of 
environmental 
governance, and 
severe pressures on 
aquatic ecosystems. 

Minor 
progress 
achieved in 
disaster risk 
reduction 
actions. 

N
as

ce
nt

 - 
1  

There is a significant 
number of households 
without access to basic 
water supply or sanitation, 
there is very high WASH-
attributable disease 
burden, and water services 
are unaffordable. 

Economic water security potential is very low, 
with very few, if any, of the criteria being met. 

A very low proportion of the 
urban population are receiving 
affordable, safely managed 
water and sanitation services, 
with potentially high economic 
impacts of floods and storms 
and low environmental water 
security. 

Poor outcomes of 
environmental 
governance, and 
significant pressures 
on aquatic 
ecosystems. 

No progress 
made and/or 
progress 
stopped or 
moved 
backwards on 
disaster risk 
reduction. 

KD = key dimension, WASH = water, sanitation, and hygiene. 
Source: Asian Development Bank. 
 	



 

 
 

97 

Appendix	2:	Population	Statistics		
  

 
ADB = Asian Development Bank, AWDO = Asian Water Development Outlook. 
Source: Asian Development Bank. 
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Appendix	3:	Tables	with	Detailed	AWDO	2013,	2016,	and	2020	Scores	
 
Note: The tables in this appendix are based on the Asian Water Development Outlook (AWDO) 2020 
methodology. Adding “Adjusted” or the abbreviation “adj” to the 2013 and 2016 results indicates these scores 
are adjusted compared to the scores as published in AWDO 2013 and AWDO 2016.  
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Table A3.1: Detailed Results for Rural Household Water Security (Key Dimension 1) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
AWDO = Asian Water Development Outlook, DALY = disability-adjusted life year, KD = key dimension. 
Source: Asian Development Bank.
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Table A3.2: Detailed Results for Economic Water Security (Key Dimension 2) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
AWDO = Asian Water Development Outlook, KD = key dimension. 
Source: Asian Development Bank.
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Table A3.3: Detailed Results for Urban Water Security (Key Dimension 3) 

 
AWDO = Asian Water Development Outlook, GNI = gross national income, KD = key dimension. 
Source: Asian Development Bank.
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Table A3.4: Detailed Results for Environmental Water Security (Key Dimension 4) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
AWDO = Asian Water Development Outlook, CASCI = Catchment and Aquatic System Condition Index, EGI = Environmental Governance  
Index, KD = key dimension. 
Source: Asian Development Bank. 
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Table A3.5: Detailed Results Resilience to Water-Related Disasters (Key Dimension 5) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
AWDO = Asian Water Development Outlook, KD = key dimension. 
Source: Asian Development Bank.
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Table A3.6: Overview of Key Dimension and National Water Security Scores for 2013, 2016, and 2020 

 
 
AWDO = Asian Water Development Outlook, KD = key dimension, NWSI = National Water Security Index. 
Source: Asian Development Bank.    
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Table A3.7: Changes in Scores over 2013, 2016, and 2020 

 
KD = key dimension, NWSI = National Water Security Index. 
Source: Asian Development Bank. 
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Table A3.8: Stages of Water Security for Key Dimensions and National Water Security in 2013, 2016, and 2020 

 
AWDO = Asian Water Development Outlook, KD = key dimension, NWSI = National Water Security Index.  
Source: Asian Development Bank.  
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Table A3.9: Changes in Water Security Stages over 2013, 2016, and 2020 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
KD = key dimension, NWS = national water security. 
Source: Asian Development Bank.
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Appendix	4:	Analysis	Impact	of	Methodology	Change	AWDO	2020	Compared	to	AWDO	2016	
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
AWDO = Asian Water Development Outlook, KD = key dimension, NWS = national water security, NWSI = National Water Security Index. 
Source: Asian Development Bank.
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