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ABSTRACT13 

14 

The scientific community strongly recommends the adoption of indicators for the evaluation 15 

and monitoring of progress towards sustainable development. Furthermore, international 16 

organizations consider that indicators are powerful decision-making tools. Nevertheless, the 17 

quality and reliability of the indicators depends on the application of adequate and 18 

appropriate criteria to assess them. The general objective of this study was to evaluate how 19 

indicators related to water use and management perform against a set of sustainability 20 

criteria. Our research identified 170 indicators related to water use and management. These 21 

indicators were assessed by an international panel of experts that evaluated whether they 22 

fulfil the four sustainability criteria: social, economic, environmental, and institutional. We 23 

employed an evaluation matrix that classified all indicators according to the DPSIR (Driving 24 

Forces ,Pressures, States, Impacts and Responses) framework. A pilot study served to test 25 

and approve the research methodology before carrying out the full implementation. The 26 

findings of the study show that 24 indicators comply with the majority of the sustainability 27 

criteria; 59 indicators are bi-dimensional (meaning that they comply with two sustainability 28 

criteria); 86 are one-dimensional indicators (fulfilling just one of the four sustainability 29 

criteria) and one indicator do not fulfil any of the sustainability criteria. 30 

KEYWORDS: Criteria, Water use, Socio-economic, Decision-making, IWRM, DPSIR 31 
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1 INTRODUCTION  32 

 33 

Indicators are powerful decision making tools and the adoption of indicators to evaluate and 34 

monitor the progress towards sustainable development is strongly recommended by 35 

scientists (Bolcárová & Kološta, 2015; Cornescu & Adam, 2014; Moldan et al., 2012), 36 

policy developers (UNDESA, 2007), international institutions (OECD, 2014; WWAP, 37 

2003), governments (OSE, 2008), the business sector (WBCSD, 2000) and non-38 

governmental organizations (WWF, 2010). 39 

The application of indicators of water use and management can undoubtedly contribute to a 40 

better allocation of this limited resource (Kang & Lee, 2011). Nevertheless, for their 41 

formulation, it should not only be considered as a technological issue but also should include 42 

the environmental, social, institutional, and economic aspects related to sustainability 43 

(Spangenberg, 2004).  44 

Indicators can be applied to natural elements, such as the environment (Zhang, 2015), 45 

ecosystems (Fu et al., 2015), forest management (Gossner el al., 2014), water (Lobato et 46 

al., 2015; Perez et al. 2015) and land (Zhao et al., 2015; Rosén et al., 2015), as well as to 47 

socio-economic-institutional issues related to water resources, i.e. water economic value 48 

(Hellegers et al., 2010), urban water systems (Spiller, 2016), governance (Norman et al, 49 

2013; Pires & Fidélis, 2015), political framework (Blanchet & Girois, 2012) and 50 

management (Taugourdeau et al., 2014). Several authors (Juwana, et al. 2012; 51 

Spangenberg, 2008; McCool & Stankey, 2004) mention that the rise of sustainable 52 

development concepts and environmental concerns have led to an extensive and intense 53 

application of indicators by a wide range of users in different contexts. In response to the 54 

growing search for indicators based on ad hoc approaches, the Bellagio Principles (Hardi and 55 

Zdan, 1997) were established to guide the use of indicators to measure progress towards 56 

sustainability.  57 

So far, no comprehensive analysis about the precise number of indicators related to 58 

sustainable development, environment or water resources has been found, however, 59 

authors point to thousands of such metrics (Hak et al., 2012). The United Nations World 60 

Water Assessment Programme (WWAP, 2012) remarks that “a staggeringly extensive array of 61 

indicators have been developed, or are proposed, to monitor the state, use and management of water 62 

resources, for a wide range of purposes.”  63 

The relevance of indicators for the decision-making process is one of the most important 64 

features of the indicators in relation to other forms of information. Indicators can be 65 

powerful policy decision tools (Nicholson et al, 2012). Therefore, indicators should present 66 

attributes that are considered relevant by the decision makers and not necessarily by a 67 

specialized audience (Klug & Kmoch, 2014). Well-developed indicators should condense 68 
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and unscramble relevant data by measuring, quantifying/qualifying, and transmitting 69 

information in a way that is easy to understand (Kurka and Blackwood, 2013).  70 

1.1 IWRM, Sustainable Development and Indicators 71 

Indicators that are selected to address the key concerns of water managers provide critical 72 

data for water governance. Water governance is the set of political, social, economic, and 73 

administrative systems that make the Integrated Water Resources Management possible 74 

(Hooper, 2006). Integrated Water Resources Management (IWRM) takes the view of 75 

sustainable development and applies it to the water sector. IWRM became apparent in the 76 

late 1980’s and is in fact an “umbrella concept encompassing multiple principles”, which aims at a 77 

more coordinated management of water resources (Benson, Gain & Rouillard, 2015).  78 

IWRM adopts a holistic approach: as mentioned by WWAP (2003) the purpose of IWRM 79 

“is maximizing the economic benefits and social welfare of the use of water without jeopardizing the 80 

sustainability of the ecosystem”. Hooper (2006) further explains, “IWRM involves cross-sectoral 81 

collaboration and adaptive management rather than single sector, ‘line’ management and planning of 82 

land and water resources”. One of the principles of IWRM is the integration of interconnection 83 

between several aspects: e.g. up-stream and down-stream; quality and quantity of water 84 

resources; economic and environmental needs; technical and political decisions, etc. 85 

(Ludwig, Slobbe & Cofino, 2013).  86 

One of the key issues of IWRM is the need for greater participation from different groups of 87 

stakeholders, e.g. policy and decision makers, planners, managers, scientists, and the 88 

general public (UN, 1992). To promote adequate participation in the IWRM from such 89 

diverse groups, there must be tools for effective communication among them. Indicators 90 

can help simplify information on IWRM and establish effective communication among the 91 

various groups in the water resources field (WWAP, 2003).  92 

Dahl et al. (2012) urged the scientific community to find better indicators of progress 93 

towards sustainability. They demonstrated in their paper Achievements and gaps in indicators for 94 

sustainability that “the available indicators mostly succeed at measuring unsustainable trends that can 95 

be targeted by management action, but fall short of defining or ensuring sustainability”. This 96 

limitation also applies to water resources sustainability (Mays, 2006). Despite several 97 

publications and work on this matter, no comprehensive list of the available indicators to 98 

assess the sustainable use and management of water can be found. Our research therefore 99 

identifies and describes a set of 170 indicators related to the water use and management 100 

presented by international institutions and scientific community. So far, no other scientific 101 

publication has been found that has compiled and described such an extensive list of water 102 

indicators.  103 

It was also noticed that there was no previous study that further investigate if these 104 

indicators of water resources fulfil the main components of sustainability. On one hand, 105 
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some studies have faced similar questions (Juwana et al., 2012; Kang & Lee, 2011; Perez et 106 

al., 2014; Spiller, 2016), on the other hand they analysed a limited set of indicators.  This 107 

paper aims to contribute to fulfil this gap. The general objective of this study was to evaluate 108 

how the 170 indicators related to water use and management identified by with study 109 

perform against a set of sustainability criteria.  110 

 111 

2 METHODOLOGY 112 

 113 

The study identified the indicators related to water use and management. In order to do 114 

this, an extensive revision of the specialized literature screening the indicators related to 115 

water use and management was performed. An assessment matrix with the identification 116 

and description of the indicators was constructed classifying them according to the DPSIR 117 

framework.  118 

A pilot study served to test and approve the research methodology and data analysis before 119 

carrying out the full implementation. This was followed by an international panel of 120 

experts, assessing the indicators based on the sustainability criteria. The assessment followed 121 

by the classification of the indicators according to the system approach (social, economic, 122 

environmental, and institutional components) and the organization of the indicators into 123 

four categories: indicators of sustainability, bi-dimensional indicators, one-dimensional 124 

indicators and indicators with no relation with sustainability criteria.  125 

The ones that adequately cover the majority of the social, economic, environmental, and 126 

institutional criteria were selected as indicators suitable to measure the sustainability of 127 

water use and management. 128 

2.1 Identification of the indicators  129 

This research performed an extensive revision of the specialized literature, aiming at 130 

identifying the initial set of indicators to take part in this study. This research carried out 131 

several electronic searches accessing a number of journal and institutional websites 132 

(including relevant grey literature), as well as databases and academic search engines. In 133 

total, 54 sources were examined in detail. Among them were publications from 134 

internationally institutions renowned for their reliable work on indicators, water resources 135 

and/or sustainability, such as FAO (2003), GWP (2006), IISD (1999), OECD (2004), UN 136 

(2009), WHO & UNICEF (2010), World Bank (2007), WRI (1998) and WWAP (2009). 137 

This study also examined relevant peer reviewed scientific papers related to the subject, 138 

including Aldaya & Llamas (2008), Bradfor (2008), Ding, Widhalm & Hayes (2010), 139 

Hoekstra (2010), Lawrence et al (2002), Maneta et al (2009), Milman & Short (2008), 140 

Scudder (2005), Sullivan & Huntingford (2009), Vörösmarty et al (2005a), Wilhite el al 141 
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(2007). Official publications from key governments were also examined including Brazil 142 

(MMA, 2006), Spain (OSE, 2008), Catalonia (De Felipe et al., 2008), European Union 143 

(Eurostat, 2009), among others.  144 

The indicators of interest to this study are the ones related to water use and management 145 

from the perspective of the integrate water cycle including, but not limited to, surface 146 

water, groundwater, rainwater and reclaimed water. The river basin is the geographical 147 

scale of interest for this study, nevertheless the indicators identified here are not limited to 148 

this scope. The indicators identified by this study address one or more of the following 149 

aspects: 150 

- Indicators that measure consumptive use of water: indicators associated with 151 

extractive uses that alter the amount of water and are mainly linked with three 152 

sectors: agriculture, industrial, and domestic uses.  153 

- Indicators of non-consumptive use of water: indicators related to non-extractive 154 

practises such as recreation, transportation, power generation, acceptance of waste 155 

(pollution), and religious and cultural uses.  156 

- Indicators related to the environmental role of water resources (e.g. conservation of 157 

aquatic life, biodiversity, and the preservation of wetlands), water quality, and 158 

conservation of natural resources. 159 

- Indicators related to water governance (e.g. legislation, institutional capacity 160 

building, user participation, environmental education, knowledge production and 161 

management, water economics, water culture, etc.). 162 

- Hydrological indicators (e.g. precipitation, evapotranspiration, stream flow, soil 163 

moisture, hydrological status, etc.) that are considered essential to planning, 164 

operation and efficiency of water use. 165 

2.2 Construction of the assessment matrix  166 

This study created an assessment matrix aiming to organize the information of the indicators 167 

identified and to be used as an evaluation tool to assess their sustainability criteria. 168 

Assessment matrixes are useful tools to systematize complex information under evaluation 169 

(Sheppard & Meitner, 2005). They have been regularly adopted in several fields including 170 

sustainability (Graymore, Sipe & Rickson, 2008), environment (Canter, 1999), among 171 

others. 172 

This matrix presented the basic information about each indicator, including name, brief 173 

description, position under DPSIR framework (see next section), among others. It is worth 174 

mentioning that some original sources analysed presented the indicator’s name, but did not 175 

provide a definition for it. This was the case with several indicators proposed by the UN 176 

World Water Assessment Programme (WWAP, 2003). When needed, we have proposed a 177 

summarized description of these indicators based on the consultation of additional sources. 178 
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This effort aimed to bring enough elements to the members of the panel of experts in order 179 

to allow them to assess the indicators based on an actual description in order to reduce 180 

ambiguity and misinterpretation. 181 

2.3 Classification under the DPSIR framework  182 

The next step was to classify the indicators under the DPSIR framework. Several authors 183 

argue (Constantino et al., 2004; Mendoza & Prabhu, 2003; Niemeijer & Groot, 2008; Niemi 184 

& McDonald, 2004; Wolfslehner & Vacik, 2011) that indicators can be more useful if they 185 

are organized in a coherent framework instead of individually as a simple collection of 186 

elements. The adoption of a framework is especially important in the case of indicators 187 

related to sustainable development, which encompass many subjects and dimensions (IISD, 188 

2008; WWAP, 2006). 189 

The DPSIR approach is the most widely used framework applied for environmental 190 

indicators (Spangenberg et al., 2015; WWAP, 2003). DPSIR is based on the pressure-state-191 

response (PSR) conceptual framework firstly introduced by the OECD (1994), and then 192 

amply adopted by the EEA (1999) and UN system (WWAP, 2012).  193 

The DPSIR framework organizes the indicators according to the cause–effect schema under 194 

the following categories: Drive Forces, Pressure, State, Impact and Response. An indicator, 195 

depending on its nature and attributes can be classified under one or more of these 196 

components.  197 

The classification of the indicators under this framework was based primarily on the 198 

definition by the original source presenting the indicator. When this information was not 199 

available, the authors analysed the indicator and proposed a classification. The classification 200 

of each indicator under the DPSIR framework was done according to the definitions 201 

presented by the EEA (1999) and their adaptation to the water resources sector done by 202 

WWAP (2006) based on Costantino et al. (2004) – as described in the Table 1 below. 203 

Table 1 – Definitions of the DSPIR categories to classify indicators.  204 

 Original definition by EEA (1999) Adaptation of WWAP (2006) to water 

resources sector 

In
d

ic
at

o
rs

 

fo
r 

d
ri

v
in

g
 

fo
rc

es
 

Describe the social, demographic and economic 
developments in societies and the corresponding 
changes in life styles, overall levels of consumption 
and production patterns. These driving forces 
exert pressure on the environment. 

The basic sectorial trends, the underlying 
factors and the root causes affecting the 
development of society, the economy and 
environmental conditions. 

P
re

ss
u

re
 

in
d

ic
at

o
rs

 Describe developments in release of substances 
(emissions), physical and biological agents, the use 
of resources and the use of land. The pressures 
exerted by society are transported and 
transformed in a variety of natural processes to 
manifest themselves in changes in environmental 

Human activities directly influencing water 
resources supply, quantity or quality, or water 
use; the immediate stress agents or proximate 
causes. 
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conditions. 

St
at

e 

in
d

ic
at

o
rs

 Give a description of the quantity and quality of 
physical phenomena (such as temperature), 
biological phenomena (such as fish stocks) and 
chemical phenomena (such as atmospheric CO2 
concentrations) in a certain area. 

Current conditions and trends; situation or 
status of the resource or the sector vis-à-vis 
water at the present time. 

Im
p

ac
t 

in
d

ic
at

o
rs

 Describe the impacts on the social and economic 
functions on the environment, such as the 
provision of adequate conditions for health, 
resources availability and biodiversity. These 
impacts are caused by changes on state of the 
environment. 

The effects of changed water-related conditions 
on human and natural systems; physical and 
economic losses due to deteriorating water 
conditions; the effective consequence of the 
altered state of the resource or its use. 

R
e

sp
o

n
se

 

 i
n

d
ic

at
o

rs
 

Refer to responses by groups (and individuals) in 
society, as well as government attempts to 
prevent, compensate, ameliorate or adapt to the 
impact of the changes in the state of the 
environment. Some societal responses may be 
regarded to reduce or eliminate negative driving 
forces, other responses may aim at raising the 
efficiency of products and processes. 

The reaction, or efforts of society — at all 
levels — to change undesirable conditions, to 
solve the problems that have developed or to 
counter the stress and impacts imposed on 
human systems; coping mechanisms as reflected 
in changes in policies and institutions, 
production practices or human behaviour. 

Sources: EEA, 1999; WWAP, 2006; Costantino et al., 2004 205 

 206 

2.4 Sustainability Criteria 207 

At this study, the indicators related to water use and management were evaluated according 208 

to the sustainability criteria. As mentioned by, indicators should include the sustainability 209 

criteria. Bélanger et al. (2012), IISD (2008), UN (2007), Niemeijer & Groot (2008), BNIA, 210 

(2006), SNZ (2002) among other authors identified that sustainability is one of the most 211 

relevant criteria for evaluating indicators.  212 

One of the most well-known sustainability principles is the “triple bottom-line approach”, 213 

also called the “three pillars of sustainability”, which includes the environmental, economic 214 

and social dimensions of sustainability (Elkington, 1997; Juwana et al., 2012; Rosén et al., 215 

2015). However, in 1995 the UN Division for Sustainable Development (UNDPCSD, 216 

1995) formally introduced the institutional dimension as the fourth dimension of sustainable 217 

development. According to the International Institute for Sustainable Development (IISD, 218 

2008), the sustainability criterion “considers the underlying social, economic and environmental 219 

system as a whole, including issues related to governance”. Governance can be understood as the 220 

main element of the institutional dimension of sustainability. It should be mentioned that 221 

there are also other possible dimensions of sustainability such as the cultural dimension 222 

(Hawkes, 2001) or the technological dimension (Spiller, 2016).  223 
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Our study adopted the institutional dimension as the fourth pillar of sustainability as 224 

presented by Juwana et al. (2012), IISD (2008), UNDPCSD (1995), Spangenberg (2008), 225 

WWAP (2003), among others. These four dimensions were then translated to the 226 

perspectives of water use and management: 227 

- Social Sustainability: to ensure access to water of a quality and amount necessary 228 

for human needs; 229 

- Economic Sustainability: to ensure the handling and efficient use of water 230 

promoting urban and rural development; 231 

- Environmental Sustainability: to ensure the appropriate protection of natural 232 

resources: soil, biota, and water;  233 

- Institutional Sustainability: to ensure an adequate institutional framework to 234 

promote the principles of IWRM. 235 

2.5 Evaluation of the Indicators 236 

The indicators were evaluated by an international panel of experts using the assessment 237 

matrix and grading each indicator according to their significance in relation to each one of 238 

the four sustainability criteria.  239 

Panel of Experts   240 

A panel of experts was assembled to assess whether the indicators fulfil the sustainability 241 

criteria. Panels of experts have been used by researchers to provide independent, expert 242 

judgement to the assessment of indicators (Singh et al., 2009). Fourteen experts from the 243 

scientific community were selected to form the evaluation panel. In order to select them, 244 

the following principles, also adopted by Cloquell-Ballester et al (2006), were considered: 245 

a) level of knowledge on the subject; b) expected ability to perform the task; c) interest in 246 

participating in the process. 247 

These individuals have proven professional experience related to water resources and were 248 

selected from international networks related to the topic of the research, mainly the 249 

CYTED (Ibero-American Programme for Science, Technology and Development) and the 250 

UNESCOSOST Network (UNESCO Chair of Sustainability at UPC - Barcelona). The 251 

members of the panel, seven females and seven males, are high-level experts. All of them 252 

possesses or pursue a PhD. They are from diverse age ranges with different backgrounds 253 

from several Ibero-american countries.  254 

Using the assessment matrix, these experts expressed, based on the evaluation scale (see 255 

next section), how they consider each indicator fulfilling each sustainability criterion. They 256 

were also invited to provide their comments or observations on the indicators. The experts 257 

performed independent evaluations, both remotely and in person. In order to support the 258 



 

 9 

work of the panel as well as possible, all materials provided to them (assessment matrix, 259 

instructions, e-mails, etc) were designed to be user friendly.  260 

A pilot study was carried out in order to test the methodology and statistical techniques 261 

employed in this research prior to full-scale implementation. It was performed in order to 262 

check if the research design and settings would work as expected. Pilot studies, like the one 263 

done here, are of crucial importance in qualitative research due to their ability to reveal any 264 

methodological limitations and flaws, and to point for design improvements (van Teijlingen 265 

& Hundley, 2001). Pilot studies give researchers the opportunity to make any necessary 266 

revisions prior to full implementation, in order to increase the likelihood of success 267 

(Turner, 2010). 268 

This pilot study simulated the application of the assessment matrix using the evaluation scale 269 

and settings, as presented above, to a group of eight experts from the network of the 270 

UNESCO Chair on Sustainability. The test participants were limited in number but diverse 271 

in their representation, including professors and PhD/Master students, males and females 272 

from diverse age ranges with different backgrounds, from several Ibero-american countries. 273 

A sample of 10 indicators related to water use and management was randomly chosen for 274 

this pilot study. The results were statistically treated in the same way as the final results 275 

would be.  276 

The participants of the pilot study welcomed the design and the material produced. 277 

Nevertheless, they provided relevant feedback and suggestions to further improve them, 278 

such as, the inclusion of information about the units of measurement for each indicator in 279 

the assessment matrix and adjusting the sequence of the indicator in the matrix in order to 280 

group indicators according to the topic addressed. The methodology was validated through 281 

the pilot study, and the main recommendations from the pilot study were incorporated into 282 

the research design. 283 

 284 

Evaluation Scale 285 

The evaluation process involved a three-level qualitative scale in which the members of the 286 

panel classified each indicator as: not significant, significant, or highly significant, based on 287 

its level of compliance with the social, economic, environmental and institutional criteria 288 

(Table 2).  289 

  290 

Table 2 - Three-level qualitative scale for the classification of sustainability criteria. 291 

Social  
Sustainability  

Economic 
Sustainability 

Environmental 
Sustainability  

Institutional 
Sustainability  
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Not Significant  

No significant social 
component included 

No significant economic 
component included 

No significant 
environmental component 

included 

No significant 
Institutional 

component included 

Significant  

Includes social 
components that 

contribute to improving 
access to quality water 
and the amount needed 

for human needs 

Includes economic 
components that 

contribute to the efficient 
use of water by 

promoting urban and 
rural development 

It includes components of 
the environment that 

contribute to the 
protection of natural 

resources - soil, biota and 
water 

Includes institutional 
components that 

contribute to 
promoting the 

principles of IWRM 

Highly significant  

Aims to ensure access to 
quality water and the 
amount needed for 

human needs. 

Aims to ensure the 
efficiency of the 

management and use of 
water, promoting urban 
and rural development. 

Aims to ensure adequate 
protection of natural 

resources - soil, biota and 
water (especially the 

springs and groundwater). 

Aims to ensure the 
appropriate 
institutional 

framework to promote 
the principles of 

IWRM. 

 292 

These results were scaled numerically as follows: not significant equal to zero; significant 293 

equal to seven; and highly significant equal to ten. This zero to ten scale was used because 294 

the experts could easily apply it; and because it is a general and largely used scale for rating 295 

(Wimmer & Dominick, 2010). 296 

Analyses of the Data  297 

The data obtained from the panel of experts was categorized, processed and analysed 298 

applying the fundamentals of descriptive statistics. The summarization of the results was 299 

done based on the averages of the ratings assigned by each evaluator to a given criterion. 300 

The arithmetic mean was the average measure applied in order to represent the central 301 

value on the set of data. The following equation shows how the average scores were 302 

calculated for each indicator in relation to each criterion (social, economic, environmental, 303 

and institutional). 304 

 305 

where Si(c) is the score for indicator i and criterion c (social, economic, environmental, and 306 

institutional), and n is the number of experts.  307 

The frequency histograms of the data obtained with the evaluation were also used to 308 

graphically represent the results.  309 

n

Si

Si

n

c

c

å
º 1

)(

)(
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Selection of the indicators 310 

This study aimed at selecting indicators of water use and management that presented 311 

adequate sustainability criteria. In order to select them, the average score of seven was 312 

considered as the threshold value to define whether an indicator fulfils the criterion or not. 313 

On the evaluation scale adopted by this study, this value corresponds to the classification of 314 

“significant”. Thus, every indicator with an average score greater than or equal to seven for 315 

any sustainability criterion (social, economic, environmental, or institutional) met the 316 

sufficiency cut-off for each specific sustainability criterion. 317 

System Approach 318 

The assessment of the four categories of the sustainability criteria provided the classification 319 

of the indicators under the system framework. The systems approach is based on the 320 

concept of system dynamics. It contributes to provide a holistic vision of sustainability and it 321 

has often been applied to indicators (Gallopin, 2006; Sterman, 2000; Sanò & Medina, 2012; 322 

WWAP, 2003). This research adopted a four-components system framework (social, 323 

environmental, economic, and institutional), based on the sustainability criteria presented 324 

above.  325 

Categories of the Sustainability Assessment 326 

The results were then classified into four categories (sustainability indicators, bi-327 

dimensional indicators, one-dimensional indicators, and the ones with no relation with 328 

sustainability criteria) as described in the Table below. The classification into these 329 

categories is based on the number of criteria fulfilled by the indicator. The selected 330 

indicators are the ones that fulfil the majority of the sustainability criteria (3 or more 331 

criteria).  332 

 333 

Table 3 – Categories of the Sustainability Assessment. 334 

Category Meaning 

Number of 

sustainability 

criteria complied 

Sustainability 

indicators 
Fulfil the majority of the sustainability criteria  3 or more criteria 

Other multi-criteria 

indicator  (or bi-

dimensional) 

Fulfil two sustainability criteria 2 criteria 
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Uno-criterion 

indicator (or one-

dimensional) 

Fulfil one sustainability criterion 1 criterion 

No relation with 

sustainability criteria 
Do not fulfil any sustainability criteria - 

 335 

 336 

3 RESULTS  337 

 338 

This study identified 170 indicators related to water use and management in the literature. 339 

In total, the 14 members of the panel provided 9,520 results; corresponding to the 340 

evaluation of the four sustainability criteria for each of the 170 indicators. The frequency 341 

distribution of the results was analysed and summarized in the tables and figures below. The 342 

evaluation process yielded from this initial list of 24 key indicators that fulfil the majority of 343 

the sustainability criteria. The main findings are presented below.  344 

In the first stage, over 240 indicators related to water resources were found in the 345 

specialized literature. Out of those, 170 indicators were identified as addressing aspects 346 

related to water use and management. These indicators can be found in Annexes 1, 2 and 3.  347 

From this initial list of 170 indicators of water use and management, 24 indicators (14%) 348 

comply with the majority of the sustainability criteria (Annex 1). Fifty-nine are bi-349 

dimensional indicators, meaning that they comply with two sustainability criteria (Annex 2) 350 

and 86 indicators are one-dimensional indicators, fulfilling one sustainability criterion 351 

(Annex 3). This last annex also presents the only one indicator that did not fulfil any of the 352 

sustainability criteria.  353 

The average result of the set of 170 indicators showed the highest score for the 354 

environmental criterion (7.1), followed by the economic (6.1), institutional (5.8), and 355 

social (5.7) criteria. Regarding the final list of 24 indicators of sustainability, their average 356 

scores range from 8.4 to 7.3. Moreover, in the latter case, the social criterion presents the 357 

highest score (8.4), followed by the economic and environmental (7.6 for each case), and 358 

institutional (7.3) criteria.  359 

Figure 1 presents the frequency histograms for the 170 indicators of water use and 360 

management by each of the four sustainability criteria assessed by this research. The main 361 

findings are summarized below: 362 
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- Forty-five per cent of the scores for the social sustainability criterion were greater 363 

than or equal to seven. The lowest scores (between one and two) were very 364 

unlikely. The most frequent score was five. 365 

- In terms of the economic criterion, the scores were between four and ten for 89% 366 

of the cases. Fifty-five per cent of the scores were between seven and ten. 367 

- For the environmental sustainability criterion, 68% of the indicators had scores 368 

between seven and ten. The highest value of the scale (ten) was by far the most 369 

frequent grade under this criterion, with 35% of the results.  370 

- The histogram for the institutional sustainability criterion showed that four and 371 

five were the most common scores, with 17% and 16.5% of the results, 372 

respectively. Forty-two per cent of the indicators had average scores greater than or 373 

equal to seven. 374 

Table 4 presents the results of the system approach classification of the initial set of 170 375 

indicators and the final set of 24 indicators. It corresponds to the percentage of the 376 

indicators that presents each component of the system framework (social, economic, 377 

environmental and institutional). Out of the initial set of 170 indicators, 58% (98 378 

indicators) addressed the environmental component, being the highest result among the 379 

four components. Nevertheless, the social component was the most frequent one in the 380 

final set of 24 indicators: 96% of them (23 indicators). 381 

Table 5 presents the results of the classification for the initial set of 170 indicators and the 382 

final set of 24 indicators for the DPSIR framework. On one hand, it is noticeable for both 383 

sets that a very limited number of indicators relate to the drive forces (7% of the initial set 384 

and none of the final). On the other hand, indicators that describe the state of the 385 

environment form the majority of the initial set (53%) and half of the final set of indicators.  386 

 387 
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   390 

Figure 1 - Frequency histograms for the average scores of the 170 indicators related to water use 391 
and management by each of the four sustainability criteria (vertical axis represents the frequency 392 
of the answers, and the horizontal represents the scores). 393 

 394 

Table 4 – Components of the systems approach of the initial set of 395 
170 indicators and the final set of 24 indicators. 396 

Component 
Initial set of 

170 indicators 

Final set of    

24 indicators 

Social 36% 96% 

Economic 39% 83% 

Environmental 58% 71% 

Institutional 32% 67% 

 397 

Table 5 – Components of the DPSIR framework of the initial set 398 
of 170 indicators and the final set of 24 indicators. 399 

Component 
Initial set of 

170 indicators 

Final set of    

24 indicators 

Drive forces 7% - 

Pressure 27% 42% 

State 53% 50% 

Impact 36% 50% 

Response 29% 25% 
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4 DISCUSSION 401 

 402 

Indicators of Sustainable Water Use and Management 403 

The ultimate purpose of this study was to identify the indicators of water use and 404 

management that fulfil the sustainability criteria. In order to reach this objective, we 405 

analysed specialized literature, constructed an assessment matrix and convened an 406 

international panel of experts. Findings of the current study support that 14% (24 407 

indicators) of water use and management fulfil the sustainability criteria. 408 

Eighty-six per cent of the indicators do not fulfil the majority of sustainability criteria, 409 

suggesting that most indicators of water use and management reflect the conventional 410 

limited view of not considering the multi-dimensionality of sustainability. According to 411 

WWAP (2009), the usage of indicators that integrate sustainability criteria is a powerful 412 

tool for identifying and monitoring water problems, defining solutions, and evaluating the 413 

achievements or failures of policies, plans and programs. However, for their determination, 414 

the multi-dimensional perspective of sustainability should be considered. This includes 415 

aspects related to the environmental effects (positive and/or negative), the social-economic 416 

issues, and the institutional aspects of the indicators. 417 

As noted in the findings of this study, the environmental criterion of the 170 evaluated 418 

indicators exhibited a significant number of results between 9 and 10. It shows that 419 

generally, the experts coincided in their scores and these values are considered high (68% of 420 

the scores are greater than or equal to 7). This prevalence confirmed that, indicators related 421 

to water use and management have been usually built for environmental studies. 422 

In general, the 24 indicators that fulfil the sustainability criteria (Annex 1) describe an 423 

extensive range of subjects related to water resources. These indicators address issues such 424 

as growth in consumption, populations without access to drinking water and/or sanitation, 425 

exposure to polluted water sources, and water-related diseases that are associated with 426 

imbalances in access to clean and safe water.  427 

The indicator with the highest average score (9.2) is the “water poverty index”, which takes 428 

into account the relationships of five components, including the physical extent of water 429 

availability, its ease of abstraction, and the level of community welfare (Sullivan and Meigh, 430 

2005). The “Water poverty index” together with the “climate vulnerability index”, “water 431 

shortages” and “fraction of the burden of ill-health from nutritional deficiencies” were the 432 

only indicators that comply with all four dimensions of sustainability: the average score for 433 

each of the four criteria of sustainability was above the threshold.  434 

Among the 24 sustainable indicators, it is noticeable the “water footprint” (WF): a multi-435 

component indicator introduced by Hoekstra and Hung (2002). The WF consists of three 436 
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components: green, blue and grey water. As mentioned by Hoekstra et al (2011), blue 437 

water corresponds to fresh surface or ground water, green water is the precipitation stored 438 

in the soil as soil moisture, and grey water is related to water pollution. Pellicer-Martínez & 439 

Martínez-Paz (2016) points that water footprint is an indicator that allows a comprehensive 440 

view of the sustainability of water use and can be assessed within the framework of IWRM. 441 

We recommend further study on this indicator, specially aiming to overcome some 442 

limitations regarding the methods for its calculation, as mentioned by Lovarelli et al. 443 

(2016). 444 

It should be mentioned, that this study also identified 59 indicators that fulfil two 445 

sustainability criteria. Among them are relevant indicators such as “access to safe drinking 446 

water”: one of the indicators adopted by the United Nations to monitor progress towards 447 

the Millennium Development Goals (UN, 2010). These 59 bi-dimensional indicators are 448 

distinctive in considering more than just one aspect of sustainability. Therefore, this 449 

research recommends the development of further studies about these indicators, especially 450 

the ones that presented outstanding grades, i.e. “existence of legislation advocating Dublin 451 

principles for water”. This indicator received one of the highest scores for the institutional 452 

criterion (9.8 as average). It measures the existence of legislation in issues related to water 453 

sustainability and management, participatory approach, gender and economic value (ICWE, 454 

1992). 455 

Eighty-six indicators that comply with one of the four sustainability criteria were also 456 

identified. They are one-dimensional indicators; which should not be seen as a limitation 457 

rather than as a characteristic. They address in an adequate way one of the four components 458 

of sustainability, meaning that they are interesting tools that allow seeing, from a specific 459 

angle, one of the multiple aspects of water use and management. An interesting example of 460 

the former is the “freshwater species population trends index”. This indicator, also known as 461 

the “freshwater living planet index”, tracks changes in freshwater species found in 462 

freshwater ecosystems, since the baseline year of 1970, including data on 2,750 populations 463 

of 714 species of fish, birds, reptiles, amphibians and mammals (WWF, 2010). It is a very 464 

relevant indicator related to the ecological conditions of the watercourses, in fact it received 465 

a very high score for the environmental criteria (9.3).  466 

The assessment of the sustainability criteria presented here was the result of the work of an 467 

international panel of experts from Ibero-american countries. Therefore future studies 468 

could investigate how these indicators perform when assessed by a broader group, including 469 

experts from other parts of the world. These further studies could aim to compare results 470 

and even identify possible generalizations of the findings. Furthermore, this replication 471 

could perhaps point to differences and/or similarities among results and, by doing so, 472 

broaden the scope of this study.  473 

 474 
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DPSIR Framework 475 

The findings of this study showed a noticeable difference in the number of indicators that 476 

are classified under the “drive forces” and “state” categories. A much higher amount of 477 

indicators (half or more of them) addressed the component “state” and just a few (less then 478 

7%) address the “drive forces”. This imbalance emphasizes the need to further develop 479 

indicators to assess “drive forces” related to the challenge of sustainable water use and 480 

management. These types of indicators are important, as according to WWAP (2006), they 481 

assesses the “underlying factors and the root causes affecting the development of society, the economy 482 

and environmental conditions”. Therefore, this research recommends that indicator developers 483 

devote efforts to produce indicators of water use and management focusing on “drive 484 

forces”. 485 

The assignation of a DSPIR cluster to each of the 170 indicators done by this study was a 486 

complex task and confirms Vacik et al. (2006) “it is always a matter of perspectives”. The 487 

perspective adopted by this study focused on indicators that could measure the sustainable 488 

use and management of water. Therefore, other studies could find different framework 489 

classifications for these indicators: it is just a matter of perspective.  490 

Several of the indicators assessed in this study are in fact indexes, made up of several sub-491 

components. Considering the multi-dimensional nature of sustainability (social, economic, 492 

environmental and institutional issues are interlinked), these indexes were classified in more 493 

than one position of the DPSIR framework. For example, the Climate Vulnerability Index 494 

(CVI) is an index that considers 6 sub-components (resource, access, uses, capacity, 495 

environment and vulnerability). It is classified under four different DPSIR positions, namely 496 

Pressure, State, Impact and Response, mainly because its sub-components address very 497 

diverse issues, combining them in order to make a holistic assessment of human 498 

vulnerability in the context of threats to water resources (Sullivan & Huntingford, 2009). 499 

 500 

Usefulness for researchers and policy makers  501 

The list of 170 indicators of water use and management and the set of 24 indicators that 502 

fulfil the sustainability criteria are important contributions of our study. They present 503 

relevant information in a format that is easy to assess (Annexes 1, 2 and 3).  End-users, such 504 

as water management institutions, river basin committees, policy and decision makers, can 505 

consult these lists in order to identify and select indicators according to their specific needs.  506 

The set of 24 indicators, identified by this study, allows decision makers to measure the 507 

sustainability of water use and management. The use of these indicators could contribute to 508 

identify and monitor unsustainable water practices, define solutions, and evaluate the 509 

achievements or failures of policies, plans, and programs regarding the sustainability of 510 
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water use and management.  Water Management Authorities could use these indicators as 511 

relevant elements to set goals and monitor progress at Water Management Plans as well as 512 

at Water Management Information Systems. Other possibilities for applying these indicators 513 

include supporting the decision-making concerning the concessions of water permits for 514 

more sustainable water use.  515 

This study also provides a transparent and reproducible methodological framework that 516 

could be applied by the scientific community and indicator developers to identify, select and 517 

assess indicators of sustainable water use and management.  518 

 519 

5 CONCLUSIONS 520 

 521 

Indicators are powerful decision making tools and key elements to monitor progress 522 

towards sustainable development in the water sector. They should encompass the four 523 

dimensions of sustainability: social, economic, environmental, and institutional. Our study 524 

aimed to fill these gaps by presenting solid and reliable knowledge on indicators of 525 

sustainable water use and management. In order to do this, the research identified the 526 

indicators related to IWRM, and evaluated by an international panel of experts to assess 527 

whether these indicators fulfil the sustainability criteria. 528 

One hundred and seventy indicators related to water use and management were identified. 529 

They were organized in an assessment matrix, described and classified according to the 530 

DPSIR framework and the “system approach”. The findings showed that 86% of them do 531 

not fulfil the majority of sustainability criteria, suggesting that they do not provide the 532 

holistic and multi-dimensional perspectives of sustainability. This should not be seen as a 533 

limitation rather than as a characteristic that should be taken into account by decision 534 

makers. It is worth mentioning, that 145 indicators addressed in an adequate way one or 535 

two of the four components of sustainability, meaning that they are interesting tools that 536 

allow us to see some of the multiple aspects of water use and management from specific 537 

angles.  538 

This study found that 24 key indicators of water use and management fulfil the majority of 539 

the sustainability criteria. The identification of these indicators can be considered a relevant 540 

contribution to sustainability research and practice for the water resources sector. These 541 

indicators should also provide critical information for water governability.  542 

So far, no other scientific publication that has done a similar assessment has been found. 543 

Furthermore, indicator development is a continuous process and therefore this list is not 544 

encircled in itself and other indicators may be included by future studies. 545 
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Although the identification of these indicators matters, in other to address the key concerns 546 

of water managers, the indicators should meet other criteria that go beyond the 547 

sustainability criteria. We recommend the development of further studies in order to 548 

evaluate the selected indicators based on additional criteria. These criteria should be 549 

relevant for the water management community and could include issues such as validity for 550 

the proper geographic scale and whether the indicator is based on currently sound and 551 

internationally accepted scientific standards.  552 

Despite the widespread recognition of the relevance of indicators to water sustainability 553 

worldwide, significant challenges remain. Improved knowledge, research and innovation 554 

around this subject are necessary to promote the transition towards sustainable water use 555 

and management. 556 

 557 
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Annex 1 – The 24 indicators that fulfil the majority of the sustainability criteria - selected indicators for our research.  929 
 930 

Indicator Description 
DPSIR 
Frame-
work 

Criteria average score 
and standard deviation* Overall 

average 
Soc. Econ. Env. Inst. 

Water Poverty Index 
Provides a better understanding of the relationship among the physical extent of water availability, its ease 
of abstraction and the level of community welfare. Evaluates 5 strategic elements: resource, access, 
management capacity, uses, and environment. 

P, S, I, R 9.8 
(0.8) 

8.9  
(1.5) 

9.3 
(1.3) 

8.8 
(2.9) 

9.2  
(1.3) 

Climate Vulnerability 
Index 

Links water resources with human vulnerability assessments, considering the following aspects: 
geographical vulnerability of the location, water resources available, access to water, how effectively water 
is used, capacity to manage water, and environmental impacts. 

P, S, I, R 9.4 
(1.3) 

7.6 
(2.6) 

9.8 
(0.8) 

7.9 
(3.6) 

8.7   
(1.6) 

Water shortages 
Represents the number of people and countries affected by water shortages, the number of countries unable 
to supply minimum drinking water. 

I 9.5 
(1.1) 

8.9 
(1.5) 

7.6 
(2.7) 

7.5 
(3.6) 

8.4  
(1,3) 

Fraction of the burden of 
ill-health from 

nutritional deficiencies 

Accounts for the percentage of the burden of ill-health resulting from nutritional deficiencies, attributable 
to water scarcity effects on food supply. 

I 8.9 
(1.5) 

8.2 
(1.5) 

7.1 
(3.5) 

7.4 
(2.6) 

7.9  
(1.6)  

Water Reuse Index  
Considers consecutive water withdrawals for domestic, industrial, and agricultural water use along a river 
network relative to available water supplies. A measure of upstream competition and potential ecosystem 
and human health impacts. 

P, S 9.6 
(1.1) 

8.1 
(1.5) 

9.6 
(1.1) 

6.9 
(3.2) 

8.5  
(1.1) 

Water Footprint 
The sum of water directly used and virtual water. Represents the amount of water required to produce the 
resources needed by one person, based on lifestyle and consumption. 

P 9.1 
(1.4) 

8.6 
(1.6) 

9.5 
(1.1) 

5.7 
(4.8) 

8.2  
(1.7) 

Incidence of worms, 
scabies, trachoma, 

diarrhea 

Represents the number of countries that have presented incidence of worms, scabies, trachoma, and 
diarrhea above predefined limits. Considers health problems in urban populations linked to contaminated 
water, lack of water supply, and sanitation. 

I 9.4 
(1.3) 

6.8 
(3.9) 

8.5 
(1.6) 

8.2 
(2.8) 

8.2  
(1.7) 

Performance Index of 
Water Utilities 

Accounts for the performance of water service providers in urban areas assessed in terms of affordability, 
quality of water supplied, accessibility to service, quantity of water supplied, and reliability. The level of 
performance of these utilities dictates how well the cities are being served. 

S 9.3 
(1.3) 

7.9 
(2.8) 

6.3 
(3.8) 

9.3 
(1.3) 

8.2  
(1.3) 

Access to Improved 
Sanitation 

Represents the proportion of the population (total, urban, and rural) with access to an improved sanitation 
facility (for defecating). 

I 9.5 
(1.1) 

6.9 
(3.3) 

8.2 
(1.5) 

7.6 
(2.7) 

8.0  
(1.4) 

Proportion of Urban 
Population Living in 

Slums 

Provides a measure for identifying the percentage of the urban population living in slums based on an 
assessment of the following several conditions: access to safe water, access to sanitation, secure tenure, 
durability of housing, and sufficient living area. 

P, S 9.3 
(1.3) 

8.6 
(1.6) 

6.6 
(3.2) 

7.5 
(3.6) 

8.0  
(1.8) 

Social and Economic 
Impacts from Drought 

Considers water-related disasters: number of drought and the socioeconomic losses associated with them 
(deaths, people affected, and property damage). 

I 7.7 
(3.5) 

8.4 
(2.8) 

9.4 
(1.3) 

5.9 
(4.1) 

7.8  
(2.1) 

Incidence of cholera 
Represents the number of cholera cases per region. The disease is linked to contaminated water and food 
and occurs more frequently where access to safe drinking water and basic sanitation cannot be ensured. 

I 9.6 
(1.1) 

6.6 
(3.8) 

8.0 
(2.7) 

7.1 
(3.3) 

7.8  
(1.7) 
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Annex 1 – The 24 indicators that fulfil the majority of the sustainability criteria - selected indicators for our research (cont.).  931 
 932 

Indicator Description 
DPSIR 
Frame-
work 

Criteria average score 
and standard deviation* Overall 

average 
Soc. Econ. Env. Inst. 

Causes of food 
emergencies 

Considers the causes of food emergencies: comparison between number of countries affected vs. human-
induced disasters and number of countries affected vs. natural disasters. 

I 8.1 
(2.8) 

7.6 
(2.7) 

8.9 
(1.5) 

6.6 
(3.2) 

7.8 
(1.6) 

Ecological footprint 
The amount of land required to produce the resources needed by one person, based on land type (arable, 
pasture, forest, fossil energy land, built-up area, and water area) and consumption (food, housing, 
transportation, goods, services. and waste). 

P 9.1 
(1.4) 

7.3 
(3.5) 

9.5 
(1.1) 

5.2 
(4.5) 

7.8 
(1.8) 

Progress towards 
achieving IWRM target 

Categorizes countries into three groups based on ten specific criteria of Integrated Water Resources 
Management: 1) good progress and being on the road towards meeting the target; 2) only some progress; 
3) hardly any progress made. 

R 7.3 
(3.4) 

7.1 
(3.3) 

6.6 
(3.8) 

10.0 
(0.0) 

7.7  
(2.2) 

Water Provision 
Resilience 

Provides a means of approximating the ability of a city or water provider to maintain or increase the portion of 
the population with access to safe water. Assesses six aspects: supply, finances, infrastructure, service 
provision, water quality, and governance. 

S, R 8.0 
(2.7) 

7.6 
(1.3) 

5.6 
(3.9) 

9.1 
(1.4) 

7.6  
(1.8) 

Major drought events 
and their consequences 

List of major drought events and their associated loss of life and economic losses in the last 100 years. I 7.3 
(3.4) 

9.1 
(1.4) 

8.0 
(2.7) 

4.9 
(4.5) 

7.3  
(1.6) 

Relative Water Stress 
Index 

Domestic, Industrial, and Agricultural water demand per available water supply. This indicator is also 
known as Relative Water Demand (RWD). RWSI = DIA / Q 

P, S 8.5 
(1.6) 

8.7 
(1.5) 

7.0 
(4.0) 

4.9 
(4.0) 

7.3  
(1.5) 

Index of Non-sustainable 
Water Use 

It is the result of renewable available freshwater resources (Q) minus geospatially distributed human water 
demand for Domestic, Industrial, and Agricultural (DIA). INSWU = Q - DIA 

P, S 8.9 
(1.5) 

8.5 
(1.6) 

8.0 
(2.7) 

3.2 
(3.9) 

7.2  
(1.4) 

Water sector share in 
total public spending 

Represents the percentage of the national budget spent in the water sector for expanding access to water 
supplies and improving water resources management and governance. 

R 7.3 
(3.4) 

7.3 
(3.4) 

4.7 
(3.3) 

9.4 
(1.3) 

7.2  
(1.7) 

Country’s dependence 
ratio 

The relation between the surface and ground water that inflows from neighbouring countries (or other 
given geographic divisions) and the total amount of water available at annual bases. 

P, S, I 7.0 
(4.2) 

7.2 
(2.5) 

6.8 
(4.1) 

7.5 
(3.6) 

7.1  
(2.1) 

Pro-poor and pro-
efficiency water fees 

Assesses the application of economic and financial tools in water allocation (fees and charges) favoring the 
poor (pro-poor policy) and efficient water use. 

S, I 7.1 
(3.5) 

8.4 
(1.6) 

4.0 
(3.9) 

8.9 
(1.5) 

7.1  
(2.0) 

Water topics in school 
curriculum 

Represents the number of countries (or other geographic division) that have introduced water-related 
content into school curricula. 

S 8.9 
(1.5) 

2.4 
(3.8) 

7.1 
(3.5) 

8.3 
(2.9) 

6.7  
(1.8) 

Total water storage 
capacity 

The total water storage capacity in artificial storage structures above a minimum size (e.g. 5000 m3) P, S, R 4.5 
(4.4) 

7.2 
(2.5) 

7.1 
(3.5) 

7.2 
(2.5) 

6.5  
(2.0) 

*Criteria average score and standard deviation: Social, Economic, Environmental and Institutional.  

Sources: see Annex 3  933 
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Annex 2 - Indicators that comply with two sustainability criteria (bi-dimensional). 934 

Indicator Description 
DPSIR 
Frame-
work 

Criteria average score 
and standard deviation* Overall 

average 
Soc. Econ. Env. Inst. 

Existence of legislation 
advocating Dublin principles for 

water (1992) 

Existence of legislation in issues related to water sustainability and management, participatory 
approach, gender and economic value (is the base-line for IWRM) 

R 6.8  
(3.3) 

6.8 
(3.3) 

7.6 
(2.7) 

9.8 
(0.8) 

7.8 
(1.8) 

Access to safe drinking water 
The proportion of the population (total, urban and rural) with access to an improved drinking 
water source as their main source of drinking water. 

I 9.8 
(0.8) 

7.6 
(2.6) 

6.4 
(3.7) 

6.6 
(3.8) 

7.6 
(1.6) 

Water use by sector Water withdrawal by sector as a percentage of total water withdrawal S 8.5 
(1.6) 

8.5 
(1.6) 

6.3 
(4.3) 

6.4 
(3.7) 

7.4 
(1.5) 

Burden of water-associated 
diseases (expressed in DALYs) 

with Comparative Risk 
Assessment 

Total amount of DALYs related to water-associated diseases. In the poorest regions of the 
world, unsafe water, sanitation and hygiene are major contributors to loss of healthy life, 
expressed in DALYs (Disability Adjusted Life Years). The sum of years of potential life lost due 
to premature mortality and the years of productive life lost due to disability. The Comparative 
Risk Assessment (CRA), aims to assess risk factors in an unified framework. It provides a vision 
of potential gains in population health by reducing exposure to a risk factor or a group of risk 
factors. 

I 9.3 
(1.3) 

6.3 
(3.8) 

7.3 
(3.5) 

6.6 
(3.2) 

7.4  
(1.7) 

Risk reduction and 
preparedness action plans 

formulated 

 Existence of Risk Reduction Plans and preparedness actions implanted to face uncontrolled 
water-related climatic events (drought, floods, etc.). 

R 6.1 
(3.7) 

6.1 
(3.7) 

7.4 
(2.6) 

9.8 
(0.8) 

7.3  
(1.8) 

Basin Water Dependency 
Relation between the number of people that depend exclusively on internal renewable water 
resources and the total number of habitants. 

P, S, I 9.4 
(1.3) 

5.6 
(3.9) 

8.2 
(2.8) 

5.9 
(4.1) 

7.3 
(1.9) 

Disaster Risk Index 
Compares the average population exposed to water-related hazards with average annual deaths 
caused by these hazards. Risk is model ledusing socio-economical parameters. Multiparameter 
equation. 

S,I 8.6 
(1.6) 

8.2 
(1.5) 

6.6 
(3.2) 

5.0 
(4.3) 

7.1  
(1.8) 

Cooperation and conflict on 
Shared basins / aquifers 

The number of events related to conflicts or cooperation in shared basins / aquifers. The 
WWDR, 2003 proposed to classify each event in a 15 levels scale that varies from the conflict 
side (formal war, extensive military acts, etc) to the cooperation side (water treaties, 
unification, etc) 

R 7.2 
(2.5) 

6.4 
(3.0) 

6.1 
(3.7) 

8.8 
(2.9) 

7.1 
(1.7) 

Demand changes (sectoral) and 
distribution 

Changes over time in the demand of water by sector (industrial, agricultural and domestic), 
expressed in annual growing. 

P 8.7 
(1.5) 

8.3 
(1.5) 

5.8 
(4.6) 

5.6 
(4.5) 

7.1 
(1.6) 

Human Poverty Index: 5 
HDI consists of three main components; longevity, knowledge and standard of living, and 
assesses these components as development. 

S 9.1 
(1.4) 

7.8 
(2.8) 

4.2 
(4.2) 

6.8 
(3.3) 

7.0 
(1.7) 
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indicators 

Annex 2 - Indicators that comply with two sustainability criteria (bi-dimensional) (cont. 2/6). 935 

Indicator Description 
DPSIR 
Frame-
work 

Criteria average score 
and standard deviation* Overall 

average 
Soc. Econ. Env. Inst. 

Number of surface and 
groundwater users licensed 
according to the regulations 

Number of licenses issued. May be further divided by total number of user. R 7.4 
(2.6) 

6.4 
(3.0) 

5.8 
(4.2) 

8.4 
(1.6) 

7.0 
(1.7) 

Industrial use of water per 
capita 

Annual amount of water used by the industrial sector divided by the number of inhabitants at a 
given region 

P 7.6 
(2.6) 

8.7 
(1.5) 

5.9 
(3.4) 

5.4 
(4.3) 

6.9 
(1.7) 

Child mortality rates: deaths 
per 1,000 live births 

Number of children (presented in relation to 1,000 live births) that died due to causes related to 
water provision, sanitation, drainage, waste removal and healthcare system (i.e. diarrhoea 
diseases, etc.). 

S,I 9.6 
(1.1) 

5.4 
(4.3) 

5.6 
(3.9) 

7.0 
(4.0) 

6.9 
(2.1) 

Land cover profile 
Distribution of the land cover in a given region according to categories such as: forest, cropland 
(irrigated and no-irrigated), grassland, wetland, urban area, etc. 

S 7.2 
(2.5) 

5.6 
(3.3) 

9.3 
(1.3) 

5.3 
(3.8) 

6.8 
(1.9) 

Investment in debugging 
(cleaning up) 

Annual budget for water quality programs, including proceedings in treatment and management 
of public water. 

R 4.1 
(4.4) 

7.8 
(2.7) 

6.1 
(3.5) 

9.1 
(1.4) 

6.8 
(2.5) 

Groundwater development 
indicator 

Indicates the groundwater abstraction as a percent of the groundwater recharge component 
(GAR) of the Total Actual Renewable Water Resources (TARWR). The quantity of 
groundwater resource susedby major sectors (municipal, agricultural, industrial) depends on the 
groundwater recharge component (GAR) of TARWR. 

S 6.1 
(3.7) 

7.7 
(1.3) 

8.6 
(1.6) 

4.8 
(4.1) 

6.8  
(2.1) 

Overharvesting – fisheries catch 
Overharvesting and exploitation of depletes living resources in relation to the natural restore 
rate of the fish specie: impacts on biodiversity loss and ecosystem functions. Collapse of fisheries 
or dramatic decline 

P,I 3.9 
(4.5) 

8.5 
(2.9) 

9.8 
(0.8) 

4.8 
(4.1) 

6.8 
(2.0) 

Budget allocation for water risk 
mitigation 

Total amount of money allocated by public (and private sector, in some cases) each year to deal 
with water risk mitigation – compared to the total budget of the institutions. 

P, I 4.2 
(4.2) 

7.6 
(2.7) 

5.6 
(3.3) 

9.5 
(1.1) 

6.8  
(2.0) 

Land converted to agriculture 
Total forest are a per year converted to agricultural use. As forest land is changed to agriculture 
use, the products and services provided by that ecosystem (such as timber, water, wildlife, 
carbon storage, aesthetic beauty, etc.) are reduced/lost. 

D, P, S, 
I 

3.9 
(4.5) 

8.6 
(1.6) 

9.5 
(1.1) 

4.8 
(4.1) 

6.7  
(1.8) 

Knowledge Index (KI) 
Average of the rankings of the performance of a country or region in three areas: education, 
innovation, and information and communications technology. 

S 8.0 
(2.7) 

6.1 
(3.5) 

3.7 
(3.9) 

8.9 
(1.5) 

6.7 
(1.5) 
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Metals in groundwater 
Indicates the presence of hazardous substances in groundwater. Includes metals and metalloids: 
Arsenic, Cadmium, Lead and Mercury, naturally occurring and / or as result of human 
activities. It is an indicator of water quality for human consumption. 

I 7.2 
(4.3) 

5.3 
(3.8) 

10.0 
(0.0) 

4.2 
(4.2) 

6.7  
(2.1) 

Population density Number of people living per square 33ilometre of the basin. P 8.2 
(2.8) 

6.1 
(3.5) 

7.6 
(2.6) 

4.7 
(3.7) 

6.7 
(2.2) 

Annex 2 - Indicators that comply with two sustainability criteria (bi-dimensional) (cont. 3/6). 936 

Indicator Description 
DPSIR 
Frame-
work 

Criteria average score 
and standard deviation* Overall 

average 
Soc. Econ. Env. Inst. 

Water source distance from 
demand centre: > 8 km 

Percent of the total population of a given area that its water supply comes from a source over 8 
km far from the demand centre. 

P,S,I 9.6 
(1.1) 

7.1 
(3.3) 

4.1 
(4.4) 

5.8 
(4.6) 

6.6  
(1.8) 

Water supply cost related to 
users I income 

Annual cost of water supply paid by user divided by the total annual income of the user (applied 
to urban, industrial and agriculture uses). 

R 8.4 () 9.8 () 2.0 () 6.1 () 6.6 
() 

Great natural catastrophes 
List of major natural catastrophes: number of occurrences of floods, windstorms, earthquakes 
and volcanic 33ruption. Ns, that lead to considerable human deaths and significant economic 
losses. 

I 6.9 () 7.8 () 8.0 () 3.6 () 6.6 
() 

Water Policy accounts and 
statements 

Existence of water policies-setting goals for water use, protection and conservation. R 4.7 () 3.5 () 8.5 () 9.5 () 6.6 
() 

Pesticides in groundwater 
Pesticide active substances, including metabolites and degradation and reaction products that are 
relevant. Indicator of pollution by agricultural activities 

I 4.8 () 7.7 () 10.0 
() 

3.8 () 6.6 
() 

Average per capita food 
consumption  

Per capita food consumption at global and developing country levels, and other specific regions. 
The indicator shows a global food security situation, and is used as the indicator of food intake. 

S,R 8.3 () 8.4 () 4.9 () 4.6 () 6.5 
() 

Dependence of agricultural 
population on water 

The Proportion of total population of a region using water irrigation technics (both traditional 
and modern) to enhance the productivity of agriculture or livestock enterprise. 

D 7.6 () 8.8 () 6.0 () 3.7 () 6.5 
() 

Status of surface water bodies 
(in risk) 

The indicator measures the risk level of not achieving the environmental objectives proposed by 
the institutions responsible for the management surface water bodies  
The indicator is calculated as the ratio of number of surface water bodies located in each of the 
four risk levels considered and the total number of surface water bodies in each river basin 
district or the national average. 

S 4.3 () 4.9 () 9.5 () 7.3 () 6.5 
() 
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Population exposed polluted 
water 

Percentage of population exposed to several kind of pollutants (coliforms, industrial 
substances, acid, heavy metals, ammonia, nitrates, pesticides, sediments, salinization). 

Poor water quality affects both human health and ecosystem health.  
S, I 9.4 () 3.9 () 9.1 () 3.6 () 6.5 () 

Emissions of water pollutants 
by sector 

Indicates the Biological Oxygen Demand (BOD) loads to waterways by sector (agriculture, 
house, hold, and, industry) as well as the nitrogen loads to waterways due to agriculture. 

S, I 5.0 () 7.2 () 9.3 () 4.5 () 6.5 
() 

 937 

Annex 2 - Indicators that comply with two sustainability criteria (bi-dimensional) (cont. 4/6). 938 

Indicator Description 
DPSIR 
Frame-
work 

Criteria average score 
and standard deviation* Overall 

average 
Soc. Econ. Env. Inst. 

Groundwater as a percentage of 
total use of drinking water 

The indicator expresses the present state and trends of surface water and groundwater use for 
drinking purposes. 

S 7.5 5.6 8.4 4.5 6.5 

Food production trends 
Trends in food production: increase in annual production. It is relevant to remember that the 
amount of water involved in food production is significant. 

D, P 6.4 9.5 7.2 2.6 6.4 

Investment in water 
management 

Annual budget for management actions and water infrastructure. R 3.9 8.9 4.2 8.4 6.4 

Ratio of actual to desired level 
of public investment in water 

supply 

Ratio of actual to desired level of public investment in water supply. R 5.4 8.8 2.3 8.9 6.4 

Access to electricity rural and 
urban coverage for the whole 

world 

Rural and urban households with access to electricity for each country. 
Access to electricity is a prerequisite for economic and social development and in some case to 
access water (pumps, etc). 

R 7.6 7.6 4.0 6.2 6.3 

Percentage of Health Impact 
Assessments (HIA) of water 
resources development and 

compliance with HIA 
recommendations 

Definition – HIA is a combination of procedures, methods and tools by which a policy, 
programme or project may be judged as to its potential effects on the health of a population, and 
the distribution of those effects within the population  

R 8.6 3.2 4.0 9.5 6.3 

Productivity in terms of jobs Number of jobs generated in irrigated agriculture and industry by each m3 of water abstraction. S 8.0 9.6 1.2 6.2 6.3 
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per m3 

Ammonium in groundwater 
Indicates the amounts of ammonium ions present as a result of human activities. 
It is an indicator of water quality for human consumption. 

I 7.3 4.8 9.5 3.2 6.2 

Existence of participatory 
framework and operational 

guidelines 

Existence of participatory framework for the management of water including operational 
guidelines to its implementation and follow-up. 

R 8.3 2.6 4.3 9.8 6.2 

Amount of underwater or 
wetland area placed into 
protected management, 

including the establishment of 
no fishing zones 

Amount of underwater or wetland area placed into protected management, including the 
establishment of no fishing zones. 

I, R 2.4 5.1 9.1 8.2 6.2 

Annex 2 - Indicators that comply with two sustainability criteria (bi-dimensional) (cont. 5/6). 939 

Indicator Description 
DPSIR 
Frame-
work 

Criteria average score 
and standard deviation* Overall 

average 
Soc. Econ. Env. Inst. 

Existence of water quality 
standards, for effluent 

discharges, minimum river 
water quality targets 

Indicates the existence of water quantity and quality standards. S, I 4.9 3.2 9.3 7.0 6.1 

Mining waste pools 
This indicator estimates the influence of mining waste pools that contamine water depending on 
the productive sector (PS), potential storage (PS), permeability (P) and water table depth 
(WTD). The pressure is significant if the indicator presents values greater than 5. 

P 3.2 7.9 9.3 3.8 6.0 

Percentage of compliance of the 
wastewater treatment plant 

with current regulations 

The indicator is calculated by the ratio of the number of wastewater treatment plants that meet 
compliance criteria established by the legislation (pollution load expressed in population 
equivalents) and the total number of wastewater treatment plants existing. 

S 4.2 4.2 7.1 8.7 6.0 

Naturally occurring inorganic 
contaminants fluor and arsenic 

Percentage or contaminated water sources and number or people exposed through drinking 
water supply by naturally occurring inorganic pollutants (Fluor and arsenic) as a critical 
determinant of chemical contamination of drinking water. 

S, I 7.8 3.2 9.5 3.4 6.0 

Intensive crop area 
Total agricultural area for the production of crops considered intensive due to their higher water 
needs.  Cropping intensity is estimated as total crop area divided by total cultivated area. 

D 3.2 9.3 8.3 3.2 6.0 
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Restoration schemes 
Existence of restoration schemes/projects focused on freshwater and coastal ecosystems 
degradation issues. 

R 3.2 2.9 8.8 8.8 5.9 

Nutrition productivity 
Total generation of food products generated by agriculture (calculated in calories or other 
nutritional indicator) divided by the total abstraction of water for irrigation. 

D 7.6 7.8 4.5 3.7 5.9 

Total investment (private, 
state, development agencies) in 

irrigation and drainage 

Total investment (private, state, development agencies) in irrigation and drainage, expressed in 
millions dollars. S,R 2.9 9.5 3.7 7.5 5.9 

Water availability per capita 
Percentage of the world’s water resources that a region has divided by the world’s population (in 
%) living in that region. 

P,S 8.5 3.7 7.4 3.2 5.7 

 940 

 941 

Annex 2 - Indicators that comply with two sustainability criteria (bi-dimensional) (cont. 6/6). 942 

Indicator Description 
DPSIR 
Frame-
work 

Criteria average score 
and standard deviation* Overall 

average 
Soc. Econ. Env. Inst. 

Uptake of strategies/legislation  
for environmental protection 

Use of adequate strategies/legislation for environmental protection. R 2.9 2.9 7.4 9.6 5.7 

 
Crop Area 

 

Agricultural area used for crop production or pasture. D 3.5 9.2 7.2 2.8 5.7 

Proportion of water pollution 
permit holders complying with 

permit conditions. 

Number of monitoring visits with water quality samples not complying with established 
conditions divided by the total number of visits. 

P, S, I, 
R 

4.2 3.0 7.3 8.0 5.6 

Crop-Water Productive Index 
Amount of water required per unit of yield. It is a vital parameter to assess the performance of 
irrigated and rainfed agriculture. Crop water productivity will vary greatly according to the 
specific conditions under which the crop is grown. 

D,P,S,I 2.6 8.4 7.7 3.4 5.5 

Fish consumption (marine, 
inland and aquaculture) 

Average consumption of fish from different sources (marine, inland and aquaculture). P, S, I 7.1 7.9 5.5 1.4 5.5 

Water used for irrigation 
Annual amount of water used in irrigation systems. It can bee classified by source (groundwater 
and surface), by system type (surface irrigation, spate irrigation, sprinkler irrigation, drip 
irrigation, local water harvesting, etc), among others classifications. 

P, S, I 2.9 7.6 7.5 3.8 5.5 
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Consumption of livestock food 
products 

Consumption of food from livestock including meat (beef, pork, poultry), vegetables, crops, 
dairy products, eggs, milk, etc. 

D, P, S, 
I 

7.4 7.5 4.7 2.2 5.4 

Density hydrological 
monitoring stations 

Number of hydrological observing/monitoring stations in a given region / country. S, R 2.1 2.6 7.1 8.2 5.0 

*Criteria average score and standard deviation: Social, Economic, Environmental and Institutional. 943 

Sources: see Annex 3 944 

  945 
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Annex 3 - Indicators that comply with one sustainability criterion (one-dimensional). 946 

Indicator Description 
DPSIR 
Frame-
work 

Criteria average score 
and standard deviation* Overall 

average 
Soc. Econ. Env. Inst. 

Index of groundwater explotation 
Percentage of extracted groundwater per year in relation to the total volume of the 
aquifer. Pressure is considered significant when the total groundwater extraction exceeds 
20% of resources allocated. 

P 6.1 6.6 9.5 5.8 7.0 

Urban Water and Sanitation 
Governance Index 

It is a combination of the fowling 4 indicators. Percentage of departments establishing 
programme monitoring water and sanitation coverage. Percentage of councils that 
provide for external audit of the departments. Percentage of departments meeting water 
quality standards. Percentage of departments with improved public quality control of the 
service provided. 

S 6.3 5.6 6.1 10.0 7.0 

Groundwater depletion 
Is calculated as the total area with groundwater depletion problem (means the area in 
which regional level decline is observed resulting from excessive exploitation of 
groundwater) divided per the total area of studied aquifer. 

S, I 6.1 6.4 9.3 5.8 6.9 

Groundwater usability with respect 
to treatment requirements 

Usability of abstracted groundwater that is publicly distributed with respect to treatment 
requirements. 

S,R 5.5 6.8 8.5 6.1 6.8 

Wetlands: % threatened 
Percent of threatened wetlands due to pressures from agriculture, settlements, 
urbanization and other land uses. 

S,I 6.1 6.7 9.5 4.8 6.8 

Reduced releases of pollution to 
groundwater recharge zones 

Reduction of the amount of pollutants discharged to groundwater recharge zones. S, I, R 4.8 6.4 9.8 6.0 6.7 

Index of groundwater abstraction 
Evaluates the recharge-discharge aquifer balance and therefore the sustainability of 
exploitation. The threshold considered is Ind abs > 40%. 

P 5.6 5.8 9.5 4.8 6.4 

  
Nitrate in aquifers  

The indicator measures the concentration of nitrate in groundwater in mg/l. 
It is an indicator related to the pressure from farming activities and the chemical status of 
groundwater. High concentrations of nitrates in surface water and groundwater may 
affect its fitness for potable uses. 

S,I 4.8 6.9 10.0 4.0 6.4 

Renewable groundwater resources 
per capita 

Total amount of groundwater resources (m3 per year) per capita at a national, regional or 
natural (aquifer, basin) level that comes from a renewable source. 

D, S 6.0 6.8 8.8 3.9 6.4 

Groundwater vulnerability 

The concept of groundwater vulnerability is based on the assumption that the physical 
environment (the soil properties, lithology and thickness of the unsaturated zone and 
groundwater level) provides some degree of protection to groundwater against natural 
influences and human impacts. 

P,S 5.5 4.8 9.8 6.0 6.4 
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Annex 3 – Indicators that comply with one sustainability criterion (one-dimensional) (cont. 2/8). 947 

Indicator Description 
DPSIR 
Frame-
work 

Criteria average score 
and standard deviation* Overall 

average 
Soc. Econ. Env. Inst. 

Percentage of undernourished people 
Percentage of people not having access to sufficient, safe and nutritious food that meets 
their dietary needs and food preferences for an active and healthy life. 

S 9.5 6.5 2.9 6.5 6.4 

Disability-Adjusted-Life Year 
(DALY) 

Is a summary measure of population health, integrating mortality with morbidity and 
disability information in a single unit. Is an indicator of the time lived with a disability and 
the time lost due to premature mortality. 

I 9.0 6.9 4.3 5.2 6.4 

Area of wetland drained  Transformations of wetlands due to human uses: area of wetland drained  S,I 6.8 4.8 9.5 4.2 6.3 

Trends in freshwater habitat 
protection 

The percentage of area of different types of freshwater habitat set aside for protection. S, R 4.5 4.0 10.0 6.8 6.3 

Food imports/exports between 
regions 

Amount of food imports/exports for individual countries and between regions 
The indicator shows the difference between production and consumption and also the 
virtual water flow between regions.  

S 6.6 9.1 3.9 5.4 6.3 

Groundwater quality 

This indicator can be applied to both natural and anthropogenic contamination, as 
presented below:A) For natural quality contamination: Relation between the total area of 
aquifers with groundwater natural-quality problem divided by the total area of studied 
aquifers; 
B) for anthropogenic contamination: Relation between the total area with increment of 
concentration for specific parameter divided by the total area of studied aquifers. 

S,I 6.6 4.6 9.3 4.6 6.3 

Non-point source pollution 
programs implemented (area treated 
with best management practices; kg 

reduced) 

Area treated with best management practices as a result of implemented nonpoint source 
pollution programs The goal of these programs is to minimize nonpoint source pollution 
from new land use activities and to reduce pollution from existing activities. 

R 4.5 4.5 9.1 6.8 6.2 

Number of dams in basin and in main 
stem of river 

Number of large and major dams in each basin. D,R 3.8 6.3 8.5 6.3 6.2 

Discharges to groundwater  
Includes waste water and cooling water discharge in aquifers. Moreover, landfill 
underground pollution: storage of CO2 and brine. Direct discharges are a 
important source of point pollution of groundwater. 

P 4.5 5.8 10.0 4.2 6.1 

  
Water table  

The steady decline of water table (in free water aquifers) or the level of groundwater in 
confined aquifers, are the main impact indicator of excessive water extraction.  

I 5.0 6.1 9.8 3.7 6.1 

 948 
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Annex 3 – Indicators that comply with one sustainability criterion (one-dimensional) (cont. 3/8). 949 

Indicator Description 
DPSIR 
Frame-
work 

Criteria average score 
and standard deviation* Overall 

average 
Soc. Econ. Env. Inst. 

Runoff: % used by humans 
Relation between the total annual abstraction of water and the total annual runoff at a 
given basin. 

S, I 6.0 6.1 9.5 2.9 6.1 

State Hydrological index 
This indicator provides information on hydrological drought resulting from the rainfall 
deficits. The hydrological drought may lead to periods of scarcity.  

S 5.4 5.2 9.5 4.3 6.1 

Mentions of water in international 
agenda,CC, WB, GEF, WSSD 

Number of times that water issues appears in the main international agenda – i.e.  Climate 
Change negotiation, UN initiatives, GEF projects, World Bank activities, World Summit 
on Sustainable Development, etc. 

R 3.7 4.5 6.3 9.5 6.0 

Loss of original forest Indicates the difference between the original forest extent and the current forest extent. S 4.3 5.8 9.3 4.5 6.0 

Total Actual Renewable Water 
Resources (TARWR) 

TARWR = (External inflows + Surface water runoff + Groundwater Recharge) – 
(Overlap +Treaty obligations). 

S 4.2 5.6 9.3 4.8 6.0 

 Increased stakeholder awareness and 
documented stakeholder 

involvement in water use decisions 

Evaluates how is the stakeholders awareness and documented involvement in water uses 
decisions.                                  

R 5.8 4.5 4.5 9.1 6.0 

Agricultural water use (by country) 
Annual amount of water (including irrigation and green water – rainfall, snowfall, etc) 
used by the agricultural sector. It is usually compared to industrial and domestic use 
(expressed in %). 

P,S,I 5.2 8.8 6.3 3.5 6.0 

Water lending for irrigation and 
drainage  

Annual amount of water lending for irrigation and drainage and costs associated. P,S,I 2.9 8.8 6.6 5.3 5.9 

Formation and empowerment of 
regulatory or other institutions 

Formation/creation and empowerment of regulatory institutions to control / monitor the 
use of water resources and the protection of the ecosystems.   

R 3.4 3.4 6.8 10.0 5.9 

Existence of institutions responsible 
for water management, that are 

independent of sectorial water users.  

Existence of institutions (water resources authorities) responsible for water management 
(including issuing abstraction and discharge licenses), that are independent of sectorial 
water users (irrigators associations, etc.).  

R 5.5 3.5 5.0 9.5 5.9 

Private sector involvement and 
stakeholders responsibility 

established and implemented 

Existence of legal framework and local capacity to promote / regulate the involvement of 
private sector and stakeholders responsibility in the management of water resources. 

R 4.5 5.3 4.0 9.8 5.9 

Asset ownership properly defined 
Existence of legal framework to asset ownership in order to have water rights properly 
defined.   

R 5.4 4.2 4.2 9.6 5.8 
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Annex 3 – Indicators that comply with one sustainability criterion (one-dimensional) (cont. 4/8). 950 

Indicator Description 
DPSIR 
Frame-
work 

Criteria average score 
and standard deviation* Overall 

average 
Soc. Econ. Env. Inst. 

Unaccounted for Water (Water 
Losses)  

Unaccounted-for-Water (UfW) is the difference between the water delivered to the 
distribution system and the water sold. It has two basic components: physical losses, such 
as water lost from pipes and overflows from tanks, and commercial losses, which include 
water used but not paid for. 

P 4.2 9.1 3.9 6.1 5.8 

Water Productivity Economic value generated per cubic metre of water withdrawn by sector / user P 4.4 9.6 4.1 5.1 5.8 

Existence of law for judicious 
distribution of water 

Existence of laws for determining equitable allocation of water – defining the rules 
needed to achieve policies and goals. 

R 6.5 5.0 1.8 9.8 5.8 

 
 
 

Water Availability index (WAI) 

This index is used to forecast water availability in the short term (i.e., days). It combines 
water quantity and quality data, evapotranspiration, soil moisture, and surface water and 
ground water flux information into no parameterized variables in mathematical 
formulations. Water quality is based on the calculation of another index called Potential 
Use Index, which enables one to classify the water in terms of its measured quality and to 
determine its suitability for a defined use. 

S 4,7 4,2 9,3 5,0 5,8 

Price of water charged to farmers for 
irrigation 

Cost of using irrigation water to farmers compared with their incomes.  S, R 4.5 9.3 4.5 4.7 5.8 

Sources of Contemporary Nitrogen 
Loading 

Total and inorganic nitrogen loads as deposition, fixation, fertilizer, livestock loads, 
human loads and total distributed nitrogen to the land and aquatic system. 

S, P 5.6 4.2 9.5 3.5 5.7 

  
Salinization in groundwater 

The conductivity is used as a parameter indicative of saline and is an indicator of total 
dissolved ions. The increase in salinity often indicates the presence of discharges, over-
exploitation of the aquifer or seawater intrusion or inland saline aquifers, due to changes 
in flow by exploitation.  

I 4.2 5.6 10.0 2.9 5.7 

Percentage of poor people living in 
rural areas 

Number of poor people living in rural areas (RPP) / Total population (TP). S 8.6 5.6 2.7 5.7 5.7 

Prevalence of underweight children 
under five years of age 

Percentage of children under five years old whose weight-for-age is below minus two 
standard deviations from the median of the NCHS/WHO reference population. 

I 9.5 5.2 2.4 5.5 5.7 

Withdrawals: % of total annual 
renewable freshwater 

Relation of the total annual abstraction of water and the total annual renewable freshwater 
(both superficial and groundwater). 

S 4.7 4.5 9.8 3.7 5.7 
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Annex 3 – Indicators that comply with one sustainability criterion (one-dimensional) (cont. 5/8). 951 

Indicator Description 
DPSIR 
Frame-
work 

Criteria average score 
and standard deviation* Overall 

average 
Soc. Econ. Env. Inst. 

Area of arable land (whole world)  
Amount (expressed in million hectares) of arable land in the world in relation to 
population (arable land per person or hectares per 100 inhabitants). 

P, S, I 5.8 7.4 6.8 2.6 5.6 

Rate of recovery 
Measures water fees actually collected as percent of the total collectable charges billed by 
the water utility. 

D, R 5.5 8.3 2.9 5.8 5.6 

No. of water resource scientists Number of scientists that develop research on water related themes. R 3.5 4.0 6.8 8.3 5.6 

Biological water quality (based on 
community response) 

Biological water quality indicators provide a complementary measure to chemical water 
quality and are useful in assessing intermittent pollution or impacts of unknown 
contaminants. 

S,I 4.5 2.9 10.0 5.0 5.6 

Prevalence of stunting among 
children under five years of age 

Percentage of children under five years old whose height-for-age is below minus two 
standard deviations from the median of the NCHS/WHO reference population. 

I 9.5 5.1 2.3 5.3 5.6 

Artificial  induced recharge 
Volume of resources available artificially introduced into aquifers by irrigation returns or 
by reversing the flow (of the river to the aquifer) due to intensive exploitation of 
groundwater. 

P 3.2 6.3 8.5 4.2 5.6 

Capability for hydropower 
generation 

Gross theoretical capability of hydropower generation, technically exploitable capability 
and economically exploitable capability. 

S 3.2 8.9 5.1 4.9 5.6 

Mortality rate of children under-five 
years of age 

Probability of dying between birth and exactly five years of age expressed per 1000 live 
births. 

I 8.4 4.6 3.1 5.9 5.5 

Volume of desalinated water 
produced 

Volume of desalinated water produced per year. R 4.2 7.1 6.8 4.0 5.5 

Mechanisms for sharing within 
country (allocations/priorities) both 

routinely and at times of resource 
shortage 

Existence of legal / institutional mechanisms for sharing water within country (allocations 
/ priorities) both routinely and at times of resource shortage.   

R 4.1 3.7 4.2 9.8 5.5 

Extent of land salinized by irrigation Area of soil salinized by irrigation as a percentage of total irrigated land. S 2.9 6.3 8.5 4.0 5.4 

Compliance with water quality 
standards for key pollutants 

Number of rivers / aquifers that meet water quality standards for key pollutants. I, R 3.9 2.7 9.3 5.8 5.4 

Drinking Water Quality 
Share of samples failing drinking water quality standards in the total number of drinking 
water samples. 

S,I 5.5 3.2 8.1 5.0 5.4 
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Annex 3 – Indicators that comply with one sustainability criterion (one-dimensional) (cont. 6/8). 952 

Indicator Description 
DPSIR 
Frame-
work 

Criteria average score 
and standard deviation* Overall 

average 
Soc. Econ. Env. Inst. 

Fragmentation and flow regulation of 
rivers 

A complex calculation of the negative impact on ecosystems of altering waterways by 
dams, water transfers and canals. 

S, I 2.6 4.2 10.0 4.8 5.4 

Ecological Flow Percent of actual flow of a river in relation to the estimated ecological flow. S 3.5 3.5 9.8 4.8 5.4 

Biological assessment (perturbation 
from reference condition) 

In biological assessment, reference conditions are established by identifying least impaired 
reference sites, characterizing the biological condition of the reference sites, and setting 
threes holds for scoring the measurements. The basic procedural steps for biological 
assessment are as follows: 1. Sample the biological groups (assemblages) selected by the 
program; 2. Calculate chosen metrics using relative abundance and other measurements; 
3. Compare each to its expected value under reference conditions and assign a numeric 
score; 4. Sum the scores of all metrics of an assemblage to derive a total score for the 
assemblage; 5. Compare the total score to the biological criterion based in part on the 
expected total score under reference conditions. 

S,I 4.0 3.2 10.0 4.3 5.4 

Compliance with environmental 
objectives. Status of groundwater 

bodies 

According to the pressure and impact analysis, this indicator evaluates the risk of ground 
water bodies failing to achieve the environmental objectives in a specified period. 

P, S, I 2.4 3.2 10.0 5.8 5.3 

Institutional strengthening and 
reform (post-1992) 

Existence of institutional strengthening and reform of national / regional water 
management model for the implementation of IWRM and Dublin principles.   

R 3.7 2.9 4.7 10.0 5.3 

Percent of protected area Percentage of protected area divided by the total of a given area. S 1.8 2.9 9.8 6.5 5.3 

 Per capita food consumption (and its 
broken down into cereals, oil crops, 

livestock and fish) 

Average per capita food consumption per year (and its breakdown into categories: cereals, 
oil crops, livestock, fish, etc.). 

P,S,I 7.8 6.9 5.9 2.4 5.2 

Defined roles of government (central 
and local) 

Existence of legal framework that defines with clarity the roles of central and local 
governments to manage water resources. 

R 3.7 2.9 4.2 10.0 5.2 

Irrigated land as percentage of 
cultivated land 

Area under irrigation as a proportion of total cultivated land. S,P 2.9 8.6 5.8 3.5 5.2 

Relative importance of agriculture in 
the economy 

The share of the country’s GDP derived from agriculture. S 2.9 9.5 4.5 3.9 5.2 

Trends in ISO 14001 certification 
Number of companies receiving ISO 14001 certification per the total number of 
companies 

R 2.0 5.2 5.6 8.0 5.2 
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Annex 3 – Indicators that comply with one sustainability criterion (one-dimensional) (cont. 7/8). 953 

Indicator Description 
DPSIR 
Frame-
work 

Criteria average score 
and standard deviation* Overall 

average 
Soc. Econ. Env. Inst. 

Access to information, participation 
and justice 

Proportion of countries with strong, intermediate or weak access to information, 
participation and justice. (to water related themes). 

R 6.9 2.5 2.5 8.9 5.2 

Organic pollutants load 
Concentrations of the follow organic pollutants: COD: chemical oxygen demand; NH4-
N: ammonium; PAH: polycyclic aromatic hydrocarbons; DEHP: diethylhexylphthalate; 
EE2: ethinylestradiol; E2: estradiol; EDTA: ethy-lenediamine tetraacetic acid. 

S, I 4.9 3.2 9.4 3.2 5.2 

Climate Moisture Index (coefficient 
of variation) 

CMI is a statistical measure of variability in the ratio of plant water demand to 
precipitation. It is useful for identifying regions with highly variable climates as potentially 
vulnerable to periodic water stress and/or scarcity. 

S 3.5 4.5 9.1 3.5 5.1 

Importance of groundwater for 
irrigation 

Percentage of land under irrigation relying on groundwater S, P 3.2 6.5 7.1 3.8 5.1 

Seawater intrusion in groundwater  

The indicator measures the concentration of chloride in mg / l in groundwater. 
It is a status indicator that measures the degree of salinization of coastal groundwater 
bodies due to seawater intrusion and its suitability for different uses such as drinking or 
irrigation water. 

P, S 4.2 4.0 9.5 2.7 5.1 

Area equipped for irrigation vs. total 
arable land  

Percent of the arable land that is equipped for irrigation (by country or geographical 
division). 

P, S 2.4 8.1 5.8 4.0 5.1 

Biological contaminants (E. 
coli/thermotolerant coliform) 

Presence of biological contaminants in water (E. coli/thermotolerant coliform) 
Escherichia coli and thermotolerant coliforms are of major importance as indicators of 
fecal contamination of water. 

S, I 6.4 1.7 9.1 2.7 5.0 

Proportion of water allocation 
permit holders complying with 

permit conditions 

Number of monitoring visits not complying with conditions divided by the total number 
of visits. 

P, S, R 4.2 3.0 3.7 8.2 4.8 

Organic pollution emissions (BOD) 
by the industrial sector 

Proportion of organic water pollution (calculated in BOD), generated by industrial 
sector. 

I 3.4 5.4 9.1 1.2 4.8 

Numbers or presence/absence of 
non-native (alien) species 

Is an indicator that evaluates the ecosystem condition by measuring the number of 
introduced species, focusing on aquatic species (e.g. fish, molluscs, benthic organisms, 
plants). 

S, I 2.2 3.5 9.8 2.7 4.5 
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Annex 3 – Indicators that comply with one sustainability criterion (one-dimensional) (cont. 8/8). 955 

Indicator Description 
DPSIR 
Frame-
work 

Criteria average score 
and standard deviation* Overall 

average 
Soc. Econ. Env. Inst. 

Number of endemic fish 
Total number of fish endemic species in a river basin. This indicator should be taken as 
general indicator of fish diversity. 

S 1.1 5.3 9.3 2.2 4.5 

Areas covered or half covered in 
water 

Percentage groundwater mass: area covered by humid, swampy, or intertidal zones, 
lakes, lagoons, reservoirs, coastal lagoons, estuaries, seas and oceans.  

P 2.3 2.9 9.8 2.6 4.4 

Impact of Sediment Trapping by 
Large Dams and Reservoirs 

This indicator evaluates the residence time of water held in large reservoirs, sediment 
trapping efficiency of large reservoirs and determinates how many years takes to full-fill a 
reservoir with water transported sediment. 

P 1.8 3.2 9.1 3.5 4.4 

Freshwater species population trends 
index 

A measure of change and trends in the populations of freshwater species. S 1.6 3.7 9.3 2.7 4.3 

Head of cattle Number of head of cattle (cattle, sheep, swine and goats). D 2.6 7.9 4.9 1.4 4.2 

Use of water in thermal towers and 
competition with other uses 

Total annual amount of water used in thermal towers. It is usually compared with others 
industrial uses (presented in percent). 

P 0.5 8.7 4.4 3.2 4.2 

Number of Amphibian Species 
Number of Amphibian Species in each basin. Amphibians are a sensitive biological 
indicator of environmental quality. 

S 1.6 2.4 9.8 2.2 4.0 

Ministerial statements mentioning 
water 

Number of ministerial statements that mention water.  R 1.7 1.2 3.4 9.5 3.9 

Nivale reserve Volume of water stored as snow. S 1.3 2.4 8.8 2.1 3.7 

Biological oxygen demand (BOD) 
Is the quantity of oxygen necessary for biological and chemical oxidation of water-borne 
substances. 

S 2.4 1.2 9.1 1.7 3.6 

Water impounding reservoirs 
(dams): supply volume m3 per year 

Annual amount of water impounded in dams and others reservoirs. S 4.2 6.5 6.8 6.1 5.9 

*Criteria average score and standard deviation: Social, Economic, Environmental and Institutional. 956 
 957 
Source: Aldaya & Llamas (2008), Bradfor (2008), Cap-Net UNDP (2008), Carneiro et al. (2006), Ding et al. (2010), Eurostat (2009), Falkenmark & Lindh (1974), FAO (2003), GWP (2004a), 958 
GWP (2004b), GWP (2006), Grey & Sadoff (2006), Hoekstra (2009), Hoekstra (2010), Hoekstra and Hung (2002), IISD (1999), Lawrence et al (2002), Lovarelli et al. (2016), Maneta et al 959 
(2009), Milman & Short (2008), MMA (2006), OECD (2004), OSE (2008), Pellicer-Martínez & Martínez-Paz (2016), Scudder(2005), Sullivan (2001), Sullivan and Meight (2005), Sullivan and 960 
Huntingford (2009), Sullivan et al (2002), Sullivan et al (2006), UN Water (2008), UN Water (2010), UN-Habitat (2003), UN-Habitat (2008), UN-Habitat (2009), UN (2007a), UN (2007b), UN 961 
(2009), UN (2010), UNECE (2003), UNECE (2007), Vörösmarty et al (2000), Vörösmarty et al (2005a), Vörösmarty et al (2005b), WBCSD & IUCN (2010), WHO (2006), WHO/UNICEF 962 
(2008), WHO/UNICEF (2010), Wilhite (2005), Wilhite et al. (2007), World Bank (2007), WWAP (2003), WWAP (2006), WWAP  (2009), WWAP (2012), WRI (1998). 963 
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