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Background and Objectives
The countries of the Latin America region are in a state of 

perennial change. The population has been migrating to the main 
cities for several decades, often resorting to living in irregular 
developments with limited availability and quality of water. Many  

 
of the major cities are on the coast and depend on small coastal 
basins or distant mountains for water resources. The headwaters 
of the basins are subject to deforestation and land conversion to 
agriculture. Prolonged meteorological drought events (lack of rain) 

 
Abstract

This paper provides an overview of existing methodological approaches to assess water security in Latin America through a set of quantifiable 
metrics. A framework to develop these water security metrics is proposed based on a literature review of existing approaches and sources of data 
that can be mined to quantify these metrics. As a case study application, the proposed water security metrics framework is applied to a group of 
sites within the Latin America Water Funds Partnership to understand its applicability, challenges in implementation, help identify information gaps, 
and provide an initial assessment of water security in the region. One important aspect that this metrics framework intends to capture is the multi-
sectoral nature of water security. The five metrics proposed in this work cover water scarcity (balance between physical supply and total demand), 
household water security (domestic demand met), economic water security (sectoral demand met), environmental water security (water quality) 
and water security toward disaster risk reduction. Other challenges to water security in the region that are long-standing can be incorporated into this 
framework in future iterations. Such metrics could include the provision of infrastructure and sanitation services, institutional/governance capacity, 
ecosystem services, among others. Given the complex interaction between water-using sectors, it is imperative to move from traditional sectoral 
management approaches, in which decision-making and investment planning are carried out as if the sectors (water and sanitation, agriculture, 
energy, others) independent of each other, and transition to an integrated approach to planning the development of water resources and their use. 
Apart from promoting economic and resource efficiency, this integrated planning framework is important to avoid unintended consequences and 
potential water security conflicts in the coming decades in the Latin America region. This initial water security metrics framework represents an 
important practical development in this direction.
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are affecting surface flows, making hydrological droughts more and 
more frequent, thus interrupting the water supply in cities. On the 
other hand, freshwater sources such as tropical glaciers are rapidly 
retreating, and it is expected that within the next two decades most 
of those below 5000 meters above sea level will disappear. In the 
same way, mountain ecosystems, such as the moors, have been 
disappearing or decreasing their natural storage and regulation 
capacity. Climate change along with changes in land use, product of 
a rapid and unsustainable expansion of the agricultural frontier, is 
affecting the availability and quality of water resources both in the 
short and long term, both in rural and urban areas. This situation 
represents a critical danger for water security in the entire region, 
placing highly populated areas and under an arid or semi-arid 
climate in a particular situation of vulnerability.

Water Security is the ability of a population to safeguard 
sustainable access to adequate amounts of water of acceptable 
quality for the sustainability of livelihoods, human wellbeing, 
and socio-economic development, to ensure protection against 
water-borne pollution and disasters related to water, and for the 
conservation of ecosystems in a climate of peace and political 
stability [1]. In this context, water security refers to the possibility 
of access to sufficient amounts of water to satisfy the diversity 
of water uses, the preservation of the quality of water resources, 
and due consideration of climate change in: (i) planning of 
water infrastructure, (ii) regulation of flows, (iii) management, 
preservation, and economic valuation of ecosystem services around 
water and (iv) management of floods and risks of natural disasters.

Progressively, water security has become one of the main 
challenges to face for sustainable development; Water resources 
are the main channel through which the impacts of climate change 
will be felt on the main engines of growth in the world economy: 
agriculture, energy, industry and the urban sector. For example, 
in the agricultural sector, changing precipitation and temperature 
patterns have already significantly alternated agronomic 
productivity, irrigation potential, and the comparative advantage 
of some nations. In regions with less reliable water supplies, 
infrastructure and services in growing cities could exacerbate 
underlying shortages, potentially limiting urban growth patterns. 
In the energy sector, plans to reduce greenhouse gas emissions are 
often based on often optimistic assumptions about the availability 
of sufficient water for a massive expansion of biofuel and 
hydroelectric power generation capacity; water is also necessary 
for cooling fossil fuels and other forms of power generation. Other 
consequences related to water security include possible effects 
on human health and changes in natural habitats, watersheds 
and biodiversity. In fact, the increase in temperature, a product of 
climate change, brings with it not only changes in the hydrological 
patterns as mentioned above, but also affects the quality of the 
resource. Climate change together with eutrophication phenomena, 
the product of waters that are over-enriched with nutrients, are 

helping with the proliferation of cyanobacterial outbreaks. These 
are extremely dangerous eukaryotic bacteria for human health 
with great adaptability to higher temperatures. Water security 
is also a social, economic and political problem. Long-term 
sustainability of water resources must be framed within adaptation 
to changing climate conditions, land use, and changing population 
demographics. Water security is a matter of growing concern 
due to the availability of this vital resource and how to manage it 
to respond to the challenges posed by human demand in various 
sectors, and by environmental, socioeconomic and climate change-
related considerations. Water resources are frequently under stress 
by the agriculture sector, which is responsible for approximately 
70% of total global freshwater withdrawals (FAO 2011a). Variability 
and climate change determine spatial and temporal variations 
in water availability, with an intensification of fluctuations in 
the hydrological cycle, causing an increase in flood and drought 
events. This could increase competition between sectors for 
water, such as agriculture, the world’s largest consumer of water, 
but also power generation, drinking water supply, as well as the 
environment. Specifically in the Latin American region, population 
and per capita income continue to grow, which in turn increases 
the demand for water, especially in rapidly growing countries. It is 
becoming increasingly clear that restrictions on water security can 
affect other sectors (eg, food production, power generation) with 
measurable consequences for general social well-being [2-5].

In comparative terms, the Latin America region is characterized 
by the abundance of water as a whole, but with great spatial and 
temporal heterogeneities, a critical dependence on agricultural 
economic production, and diverse and growing energy sectors that 
increase the pressure on water security. According to estimates 
by the Food and Agriculture Organization (FAO), approximately 
32% of the world’s renewable water resources can be found in 
the Latin American region. However, the great spatial variability 
in the distribution of these resources translates into surprising 
contrasts such as the rainfall pattern of the Amazon basin versus 
the arid or semi-arid climate conditions found in northern Chile, 
northern and central Mexico. and in the northeast of Brazil. The 
temporal dimension refers to the natural variability of the climate 
of the region, in which strong anomalies in rainfall are modulated 
within a range of time scales [6-8]. The prospect of climate change 
with changes in the hydrological cycle and the increasing demands 
for water driven by population growth and economic growth pose 
important challenges for the future of water security strategies in 
the region.

This paper provides an overview of existing methodological 
approaches to assess water security in the region of Latin America 
through a set of quantifiable metrics. A framework to develop these 
water security metrics is proposed based on a literature review 
of existing approaches and sources of data that can be mined to 
quantify these metrics. As a case study application, the proposed 
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water security metrics framework is applied to a group of sites 
within the Latin America Water Funds Partnership (LAWFP: 
https://www.fondosdeagua.org/) to understand its applicability, 
challenges in implementation, help identify information gaps, and 
provide an initial assessment of the LAWFP portfolio.

Literature Review

This section reviews conceptual aspects, metrics of basic needs, 
multidimensional indicators, and methodological issues related 
to water security indicators that are pertinent to Water Funds in 
general and the LAWFP in particular.

Conceptual aspects of water security indicators

This definition of water security [1] has two essential elements: 
(i) the multidimensional nature of water security across different 
water uses; and (ii) a risk-based approach to inform how societies 
cope with water-related risks including floods, droughts, and 
contamination. Complementary to this definition is its slightly 
revised version: “Water security is a tolerable level of water-related 
risk to society [9]. Substituting the adjective “acceptable” with 
“tolerable,” this definition emphasizes water security’s community-
specific social, economic, and cultural values. Water risks usually 
become less tolerable with increasing levels of economic growth 
and wealth. Thus, perspectives may change depending on 
socioeconomic conditions over time and across geographies, 
making the concept of water security dynamic. These definitions 
reflect the changing global policy dynamics on adopting the 2030 
Agenda for Sustainable Development by the United Nations in 
2015. If Millennium Development Goal 7 (target 7.3) focused 
on access to safe drinking water supply and basic sanitation, the 
Sustainable Development Goals (SDGs) represented a paradigm 
shift. SDG 6 (clean water and sanitation) looks beyond drinking 
water supply and sanitation (targets 6.1 and 6.2) to encompass 
aspects of water quality and wastewater (target 6.3), water use 
and efficiency (target 6.4), IWRM (target 6.5), ecosystems (target 
6.6), and enabling environment (targets 6.a and 6.b). This changed 
mindset reflects an acknowledgment of the complexities of water 
resources management and the urge to revisit existing paradigms 
with integrated approaches by bringing together different sectors 
and stakeholders. To address current challenges, a rapid change 
of the economics, engineering and management frameworks that 
guided water policy and investments in the past is needed, bringing 
resilience, governance, and innovative finance into the management 
equation [10].

In risk terms, water security is concerned with the consequences 
and perceptions of chronic hazards and extremes and with the 
factors influencing exposure and vulnerability. Geographic and 
socioeconomic disparities in access to safe drinking water and 
vulnerability to extreme events have also stimulated interest in 
the relationship between water security and development. This 
has required careful efforts to define indicators of water security 

to elucidate the causal linkages among water-related hazards 
and impacts. Indicators of water security measure hazards and 
their impacts; they range in coverage from a single component to 
multiple dimensions and vary in spatial and temporal resolution 
[11,12]. Water security indicators are subject to all of the same 
conceptual and methodological issues associated with indicators 
more generally, namely, problems with complexity and causality, 
difficulties constructing composite indicators based on multiple 
components, and a lack of reliable and comparable data [13]. A risk-
based framework differentiates hazard, exposure, and vulnerability 
as measurable quantities [14]. Water security indicators are 
concerned with risk in terms of the frequency and severity of rare 
hazardous events, such as those related to climatic variability and 
extremes (e.g., droughts, floods, unpredictable timing of rainfall 
or runoff). They are also focused on chronic hazards associated 
with the lack of access to water supply and sanitation, poor water 
quality, insufficient water quantity for food and energy production, 
and degradation of ecosystem services [15]. Water indicators have 
proliferated: Plummer et al. [12] identify 50 water vulnerability 
assessment tools. Water security, from a risk-based perspective, 
implies particular challenges for the development of indicators 
because risk is not a measurable quantity, is highly context 
dependent, and depends on the perceptions of and attitudes 
toward risk of various stakeholders. Thus, any metric is bound to 
be a composite incorporating elements of hazard, vulnerability, 
exposure, and perhaps also adaptive capacity from a range of 
perspectives [14]. In practice, many water indicators, including 
long-standing ones related to basic water needs, are now being 
incorporated into a basket of metrics that may contribute to the 
development of indicators of water security [16,17].

Measuring basic needs: drinking water, food, and 
ecosystems

Since the 1980s, indicators of water security have concentrated 
on the water needed for self-sufficient food production [18,19] and 
drinking water and sanitation [20,21] used measures of annual 
renewable water availability per capita to identify thresholds 
associated with self-sufficiency in food production, namely, 1,700 
m3/(person·year) (stress), 1,000 m3/(person·year) (scarcity), 
and 500 m3/(person·year) (absolute scarcity). Allan [22] has 
established a threshold of 1,200 m3/ (person · year) for water 
security, although international trade can buffer local water deficits 
by importing water-intensive commodities. Measured at the national 
level, neither of these metrics of water security for food production 
accounts for spatial variation within the country or for seasonal 
or interannual variability [23]. Metrics of drinking water security 
have been the focus of extensive monitoring and management 
through the Joint Monitoring Program (JMP) for Water Supply and 
Sanitation of WHO and UNICEF, which has expanded in the context 
of the MDGs. In the mid-1990s, Gleick [21] estimated basic human 
water needs for drinking, sanitation, bathing, and food preparation 
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to be a total of 50 L/ (person · day). Howard & Bartram [24] refine 
these thresholds in terms of no access [<5 L/ (person · day)], basic 
access [20 L/ (person · day)], intermediate access [50 L/ (person 
· day)], and optimal access [>100 L/(person·day)]. Monitoring of 
access to improved drinking water and sanitation has provided a 
baseline to track progress in meeting basic needs, triggered by the 
International Drinking Water Supply and Sanitation Decade in the 
1980s [25]. The proportion of the global population with access to 
improved drinking water increased from 76% in 1990 (4.0 billion 
total) to 89% (6.3 billion total) in 2012, and the proportion of the 
global population with access to improved sanitation increased 
from 49% (2.6 billion) to 64% (4.5 billion) during the same period 
[26].

The MDG target is to halve the proportion of the population 
without access to safe drinking water and sanitation. Hope & 
Rouse [25] identify three challenges for drinking water security: 
population growth, regional variation in access, and monitoring 
uncertainty. First, countries with low baselines and high population 
growth face larger challenges [27]. In sub-Saharan Africa, for 
example, there has even been a net increase in the population—in 
absolute terms—without access to improved water supplies even 
though the proportion with access increased by 16 percentage 
points between 1990 and 2012. Second, access varies regionally; 
many of the populations that are most difficult to reach and in the 
greatest need experience lags. Third, there are methodological 
challenges to establishing accurate and comparable metrics [25]. 
On top of these deficits, the JMP recognizes that improved water 
supplies are not always safe; piped water in many major developing 
country cities is contaminated and may be inadequate in other 
ways (e.g., distance, reliability, cultural acceptability, affordability). 
Bulk averages also mask disparities within countries (urban/rural) 
and by wealth, religion, ethnicity, and education level. Meeting 
basic water needs for food security also poses challenges, as 70% 
of global water withdrawals support irrigation, in addition to the 
rainfall used for rainfed agriculture. The population exposed to 
severe water stress for food production is projected to increase 
[28]. The Irrigation Water Supply Reliability index provides a 
supply-demand ratio: water available for irrigation (i.e., supply) as 
a proportion of the total potential demand for irrigation water. The 
index is projected to decrease from 0.71 globally in 2000 to 0.66 in 
2050, indicating intensifying scarcity. The index varies regionally; 
water-stressed regions are the hardest hit, particularly during low-
flow years [29]. These metrics of basic water needs and water for 
food provide a baseline against which recent trends and future 
projections can be understood to inform policy and management 
decisions. There is increasing recognition that the water needs 
of people and agriculture depend on the goods and services 
generated by ecosystems [30]. Environmental water security has 
been conceptualized and measured using an ecosystem services 
framework. The Asian Development Bank [16], for example, has 

developed a river health index following the themes and drivers 
identified by Vorosmarty et al. [31]: watershed disturbance, 
pollution, water resource development, and biotic factors.

The multidimensional nature and drivers of water 
insecurity: composite indices

The links between water security and sustainability and 
between water security and economic growth have required 
indicators that account for interacting physical and human-driven 
hazards and causal processes. Srinivasan et al. [32] note that the 
nature and sources of the global water crisis vary regionally across 
different patterns of demand, supply, infrastructure development, 
and governance. Understanding the nature of the water crisis and 
the determinants of water insecurity are prerequisites for informed 
decisions about institutional development and infrastructure 
in- vestment. Water security is also considered part of a web of 
interrelated concerns about energy, national, and food security [33]. 
Water use as a proportion of total renewable supplies (the water 
exploitation index) is used to calculate water stress. Population 
growth, urbanization, and food security are important drivers of 
these conventional measures of water stress [34]. However, the 
ratio of water use to availability does not account for deficits in 
infrastructure to make use of available water and to buffer against 
seasonal and interannual fluctuations [23]. Water stress and water 
scarcity indicators have therefore distinguished physical water 
scarcity from economic water scarcity. The former refers to high 
levels of water use as a proportion of available supplies, whereas the 
latter refers to inadequate access to water infrastructure to make 
use of available water [35]. Measures of economic water scarcity 
identify parts of Africa where water infrastructure, not water 
availability, is the limiting factor. Population and infrastructure 
are also a major influence on exposure to extreme events such as 
flooding. For example, population growth and poorly managed 
infrastructure drove a doubling of exposure to extreme rainfall 
events in South America between 1960 and 2000 [36].

Multiattribute indicators assess the coincidence of hazards at 
multiple scales, including at high spatial resolution [31, 37]; at the 
country level, particularly in Asia [16]; and for transboundary waters 
(see Table 1). Composite indicators increasingly combine chronic 
and episodic hazards. For example, the seven elements of the 2000 
Ministerial Declaration of The Hague on Water Security in the 21st 
Century [38] included the basic needs of drinking and food but also 
the importance of risk management and transboundary cooperation. 
Lautze & Manthrithilake [17] provide a multidimensional index 
of water security that accounts for five dimensions: basic needs, 
agriculture, environment, risk management, and independence 
(the last being a function of water generated within a country). The 
Asian Development Bank [16] has also compiled a multiattribute 
metric based on household, economic, urban, and environmental 
water security as well as resilience to water-related disasters. This 
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approach has the potential to obscure which subcomponents are 
the drivers of water security. The water vulnerability assessment 
tools identified by Plummer et al. [12] vary in terms of their location 
and sociopolitical context, scale, and number of dimensions. Key 
dimensions include water resources, other physical attributes, 
economic aspects, social characteristics, and institutions. Physical 

attributes and economic aspects are well represented by 100% and 
66% of the 50 vulnerability indices, respectively. By comparison, 
institutional and social dimensions were captured in only 34% and 
26% of the indices, respectively. They emphasized the importance 
of holistic measures that account for social and ecological factors, 
as well as the capacity for IWRM.

Table 1: Selected water security indices and their multiple attributes (source: Garrick and Hall, 2014).

Indicators Scalea
Water Related Hazard Adaptation

Chronic 
Water 
Stress

Flood Drought/Seasonal 
Variability

Environmental 
Degradation

Inadequate Water Supply 
and Sanitation

Institu-
tions

Infra-
structure

Falkenmark Index 
(79) C X

Water Exploitation 
Index (1) C X

Joint Monitoring 
Program (JMP) for 
Water Supply and 

Sanitation (5)

C X X

Asian Water Securi-
ty Indices (76) C X X X X X X X

Index of Water Se-
curity Threats (2) R X X X

Water Security 
Index (77) C X X X X X X X

Index of Institu-
tional Resilience to 
Climate Variability 

(17)

BCU X X X X

Seasonal Storage 
Index (29) C X X X X

Aqueduct Water 
Risk Indicators 

(90)
R X X X X X X X

Earth Security 
Index (158) C X X X X X X

aScale abbreviations: C-Country; R-High-Resolution; BCU-Basin Country Unit (Special portion of a transboundary river Falling within a single country).

  Limited attention has been paid to the development of indi-
cators of the adaptation actions that have been taken to reduce 
water-related risks. Hallegatte et al. [39] acknowledge this gap in 
their analysis of flood risk to port cities. Global data on water-re-
lated infrastructure investments are emerging from a variety of 
sources, and global water resource assessments have begun to in-
corporate reservoir storage and operation [40] and assessments of 
investment needs [41]. However, these assessments do not indicate 
how much risk has (or could be) decreased as a consequence of 
these investments. Monitoring of the effectiveness of infrastructure 
investments has mostly taken place at national and local scales, 
most recently in the context of development of adaptation indi-
cators [42], though seldom specifically in terms of water security. 
Several recent initiatives aim to measure institutional dimensions 
of water vulnerability and adaptation, highlighted by the OECD 
Water Governance Initiative (WGI) [43]. The OECD has organized 

a framework for conceptualizing and measuring water governance 
capacity. The WGI addresses multilevel governance gaps across sev-
en categories measured at the country scale, including policy and 
financial gaps. This builds on prior water governance indicators at 
the country level, including the Asia Water Governance Index [44] 
and its precursors [45], which are based on water policy, law, and 
administration. Neither the OECD Water Governance Initiative nor 
the Asia Water Governance Index explicitly address water security 
risks or the role of local or transboundary water governance and 
institutions.

The specter of water wars and risk of violent conflict between 
countries sharing international transboundary rivers have spurred 
efforts to measure conflict and cooperation and their institutional 
determinants. Institutional capacity influences whether countries 
cooperate over shared watercourses; conflicts are expected to occur 
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when rapid change (environmental or social) outstrips institutional 
capacity to absorb it [46,47]. Indicators of institutional capacity in 
transboundary waters measure the presence or absence of treaties 
and river basin organizations [48]. More recently, indicators have 
gone beyond presence or absence to capture the quality of these 
institutions and attributes of institutional design associated with 
strong performance, such as membership and financial capacity 
[49]. Measures of institutional resilience have also been tailored to 
the specific water-related risks associated with climate variability. 
In addition to treaties and river basin organizations, institutional 
resilience to climate variability is expected to depend on water 
allocation mechanisms, variability management provisions, 
and conflict resolution [50]. One global analysis of institutional 
resilience to climate variability compared current conditions 
with future projections for 2050 and identified Northern and sub-
Saharan Africa as at greatest risk today and Western Asia, Eastern 
Europe, and Latin America as at increasing risk in the future [50].

Water indicators, development, and causality

The uneven distribution of water risks has focused attention 
on the linkages between water and development. Vorosmarty et 
al. [31] describe the residual water security threats—the adjusted 
human water security threat—after accounting for the effects of 
infrastructure investments to enhance water security. Of the regions 
with high water security threats, the regions with the highest 
incomes have the greatest capacity to reduce their residual threats. 
For example, the Western United States and Europe have invested 
heavily to reduce their residual water security threats by up to 95% 
from unadjusted threat levels, whereas low and low-middle income 
regions face the highest residual water security threats (affecting 
more than 3 billion people). This high-resolution global analysis 
corroborates more localized, case-specific evidence on geographic 
disparities in capacity to cope with water security threats. The 
existing evidence about the relationship between water security and 
development raises complex questions about causality. How does 
water security or its absence influence economic development? Is 
water security a precondition for economic development, or can it 
be achieved as a by-product of wider economic development that 
provides the capacity to invest in risk reduction measures [51]? 
Macroeconomic modeling has been used to address these questions 
by identifying the effects of tropical climate dynamics on economic 
development [52, 53]. Using malaria risk as an explanatory factor, 
Sachs [53] critiqued studies that identified institutional quality as 
the dominant influence on development [54]. Brown et al. [55,56] 
have examined the impact of climate hazards on economic wealth 
and growth. They found that a positive correlation exists between 
measures of climatic variability and poverty [11]. South Asia 
was identified as a hot spot where soft and hard infrastructure is 
insufficient to manage interannual and seasonal climate variability. 
Extreme events are a particularly hazardous form of climate 
variability; global cross- country modeling indicates that a 1% 
increase in drought (flood) area reduces the GDP growth rate by 
2.8% (1.8%) [56].

In addition to these water security indicators there are urban 
sustainability and resilience indicators that include water issues, 
such as the Green City Index [57] which includes one category of 
water indicators, the City Resilience Index [58] with 52 indicators 
of which several link to water, and the SDEWES Index [59], 
which includes a category for water and environmental quality. 
Furthermore, there are several composite water security indices 
developed for basin or country comparisons [16, 17, 31, 37]. 
The National Water Security Index from ADB [16] includes five 
aspects, of which one is urban water security. Urban water security 
is measured through indicators of water supply, wastewater 
treatment, and drainage (flood damage), with factors added for 
urbanization rate and river health. ADB [16] suggests a correlation 
between national water security and GDP and between national 
water security and quality of governance as well. The proliferation 
of water security indicators raises several methodological issues. 
Dickin and colleagues [60] review the use of index approaches 
to measure and communicate complex information about water 
vulnerability. Criticisms of indices include their reductionist nature 
(simplifying inherently complex information and causal processes) 
and the choice of components and their weighting (equal weight, 
stakeholder elicitation, expert judgment, and regression modeling). 
Methodological rigor and transparency are needed for indices to 
provide credible, salient, and legitimate information to decision 
makers [61]. Although integrated, comprehensive indices of water 
security can be useful for many purposes, they suffer from conceptual 
and methodological issues [62,63]. Water systems are complex 
with many interacting parts and causality is often not clear. All 
indices discussed above have issues with data availability, requiring 
the research to make assumptions, use expert opinion or use proxy 
data, e.g. country level data for cities, even though geographical 
variation may be large. Data quality may also be an issue and needs 
to be discussed clearly to avoid wrong interpretations. Composite 
indices usually classify indicators into several categories or tiers, 
with results displayed at a higher tier. Constructing indices and 
indicators that combine several dimensions requires subjectively 
assigning weights (including equal weights) and results in 
information loss. A dashboard approach, in which all individual 
variables are displayed together, is a useful approach to remedy 
this shortcoming, and can provide a more comprehensive picture of 
water security (Table 1).

Methodology and data sources

Recently, regional development organizations such as the Asian 
Development Bank (ADB) and the Inter-American Development 
Bank (IADB) have proposed dashboard approaches to analyze 
water security at the regional and country levels [16,64]. In the case 
of ADB, the methodology has undergone several iterations and the 
dashboard has been issued in 2020, 2016 and 2013 [16] with water 
security results published at the country level. In the case of IADB, 
the methodology was developed regionally with diagnosis produced 
at the country level. In this work, the proposed methodology draws 
from the dashboard approach using multiple “key dimensions” 
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of water security that align with the source water protection 
objectives of the Water Funds portfolio. The methodology adapts 
the ADB and IADB approaches to a spatial scale that corresponds 
to the operation of Water Funds, commonly a basin or watershed. 
Following this approach, the dimensions of water security to be 
pursued in the Water Funds portfolio encompass the following 
logic: societies can enjoy water security when they successfully 
manage their water resources and services to (i) satisfy household 
water supply needs; (ii) support productive economies in 
agriculture, industry, and energy; (iii) develop vibrant, livable cities 
and communities; (iv) restore healthy rivers, lakes, aquifers, other 
water bodies and ecosystems; and (v) build resilient communities 
that can cope with water-related extreme events.

In view of this, 5 key dimensions are proposed to quantify 
water security at the scale of a Water Fund:

1. Water Scarcity Index

2. Household Water Security

3. Economic Water Security

4. Environmental Water Security

5. Water-Related Disaster Security

The Water Scarcity Index (WSI) is a measure of overall water use 

as a fraction of volume available from the source at any given time. 
It is a commonly used index that quantifies the ratio of demand to 
supply and useful to determine rates of availability or depletion of 
water sources; it provides a basic accounting of water demand and 
supply that can be tracked over time in a Water Fund. The WSI for 
a Water Fund can be obtained in a number of ways, depending on 
data availability. If local operational data exists for water demand 
towards various uses (e.g., water and sanitation, irrigation, power 
generation, etc), and/or water supply (e.g., volume of source, rate 
of natural recharge), then this data can be used to compute the WSI 
(monthly, annually). 

In the absence of local data, hydroclimatic data available 
globally can be used provide reference values of this indicator. 
Global water demand estimations are provided in the reference 
Huang et al. [65], while water supply/availability from surface and 
groundwater sources can be found from global estimates derived 
from hydroclimatic models as well. For instance, Figure 1 shows the 
distribution of global water demand (1971-2010). Figure 2 shows 
the distribution of water availability/supply in the region of Latin 
America and the Caribbean (LAC) for 2015 as estimated from global 
hydroclimate models. These data are publicly available and can be 
used to calculate the WSI for a give Water Fund location (Figures 
1,2).

Figure 1: Annual water withdrawal by six socioeconomic sectors: (a) irrigation; (b) domestic water supply; (c) electricity/power generation; 
(d) livestock; (e) mining and extractives; (f) manufacturing industry for the period 1971-2010 [65].
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Figure 2: Water availability (surface water and groundwater sources) for the region of Latin America and the Caribbean, estimated by the 
GISS Hydroclimate model for the year 2015 [5].

Household Water Security is a metric that tackles the access to 
sufficient, safe, physically accessible, and affordable water for health 
and livelihoods in households. This dimension of water security is 
applicable where water supply to households is a primary objective 
of the source water protection to be provided by a given Water 

Fund. In most Water Funds, it is likely that this information exists 
(for instance, with data provided by municipalities and/or water 
utilities). Otherwise, it can be estimated (at least as an initial 
estimate) using global data such as that presented in Figure 3 
(Figure 3).

Figure 3: Relative seasonal distribution of global domestic water withdrawal over the period 1971–2010: December to February (DJF), 
March to May (MAM), June to August (JJA), and September to November (SON); grids with annual domestic water withdrawal (ADWW) less 
than 0.01 mm are not taken into consideration [65].
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Economic Water Security relates to the secure provision of 
water for key economic activities, predominantly food production, 
energy (electricity) and industry/manufacturing. Water is a factor 
of production needed by every sector of the economy to generate 
economic growth and development. It must be delivered in the 
right quantity and quality in the right place at the right time to 
meet demands for its use in economic production in different 
sectors. If water cannot be delivered reliably, economic production 
may be constrained. Ensuring human and environmental health 
and sustaining reliable water delivery and, therefore, economic 
production over time, requires water to be set aside for these 
purposes.

Depending on the Water Fund and its purpose (e.g., protect 
source water for agriculture, or generate power, among others), 
data to estimate this water security dimension may exist. If this is 
not the case, the estimate can be provided by global data sets such as 
that illustrated in Figure 1 (a, c, e, f). Environmental Water Security 
focuses on the health of rivers, lakes, wetlands, and groundwater 
systems and measures the progress in restoring aquatic ecosystems 
to a healthy state. In Latin America, freshwater systems are an 
integral part of many landscapes and are inextricably linked to 
human lives. Healthy waterways provide a range of ecosystem 
services, including good quality water, basic flood protection via 
natural wetlands, and food security from agricultural products 
and from healthy fisheries in both freshwater and coastal systems. 
However, human alteration of the environment negatively impacts 
the health of aquatic ecosystems. For example, physical changes 
to the landscape, removal of riparian vegetation, and depletion of 
groundwater can lead to downturns in water availability, water 
quality, and biodiversity, along with a weakened resilience to 
natural disasters. Consequently, human health and well- being 
and the economy can be negatively affected. Effective assessment 
of aquatic ecosystem health is thus vital to understanding the 
environmental water security in Water Funds. Because of potential 
complexity of environmental issues across the Water Funds 
portfolio, it is recommended that initially, environmental water 
security is assessed via global data bases such as Aqueduct [66] 
which contains a compilation of peer-reviewed data on risks to 
water quality due to pollution from point and non-point sources at 
a global level. This initial assessment can be followed by an estimate 
of water pollution based on land cover data and potential pollution 
loadings, for instance to assess phosphorus (TP), nitrogen (TN), 
and suspended solids (TSS) loadings for a given Water Fund. This 
can be done using a global landcover dataset (SHARE) and export 
coefficients in the literature. In a future phase of this work, a Water 
Fund specific environmental indicator could be developed to reflect 
the assimilative capacity of streams, the ability of watersheds to 
capture and infiltrate precipitation, environmental flow deficits 
and stream/habitat discontinuity.

Water-Related Disaster Security assesses a Water Fund’s 
exposure risk to water-related disasters, their vulnerability to 

those disasters, and their capacity to resist and bounce back. This 
risk can be assessed using the approach in Hofste et al. [66], with 
risks classified into climatological risk (drought), hydrological risk 
(flood) and meteorological/weather risk (storm). Data necessary 
to populate this indicator can be found in global data bases (such 
as Aqueduct) as well as using results of hydroclimate and weather 
models that may be available at a given Water Fund location.

Application and Discussion of Results
The methodology to quantitatively assess the five water 

security indicators presented above was applied to a set of 
Water Fund sites throughout the region of Latin America. Water 
Funds are organizations that design and enhance financial and 
governance mechanisms which unite public, private and civil 
society stakeholders around a common goal to contribute to 
water security through nature-based solutions and sustainable 
watershed management. Water Funds constitute an institutional 
platform developed by cities and conservation practitioners 
which contribute to resolve governance issues by bridging 
science, jurisdictional, financial and implementation gaps. Water 
Funds have worked with communities by bringing water users 
together to collectively invest in upstream habitat protection land 
and watershed management and mobilize innovative sources of 
funding. As a permanent governance, investment and source water 
protection implementation mechanism, Water Funds provide the 
framework for collective action, connecting land stewards in rural 
areas and water users in urban areas to share in the value of healthy 
watersheds (Figure 4).

With a portfolio of 40 funds in operation and more in design 
(Figure 4), there is a need to establish the science case for Water 
Funds. A set of water security indicators such as that developed 
in this work will contribute to determine their effectiveness 
towards, for instance, monitoring and evaluation of Water Fund 
interventions. This set of water security indicators can serve as a 
framework to devise and document monitoring and evaluation 
of Water Fund performance and support their management and 
operation over time. Figure 5 synthesizes the five water security 
indicators at once, providing a dashboard approach to display the 
quantitative information about the full portfolio of Water Fund 
sites; this type of display can be useful for overall management 
and comparative analyses, prioritization of interventions and 
investments within a given Water Fund as well as within the Water 
Fund portfolio at large. Figure 6 shows the WSI across the portfolio 
of Water Fund sites. Given that this is a ratio of the water demand 
as a fraction of the water supply (or availability), it reflects the 
degree to which water is being exploited at a given site. Ratings 
for the WSI were assigned using a slightly modified version of the 
Falkenmark scale [19] with a rating of 1 for low water scarcity (0 
< WSI < 0.1); 2 for moderate water scarcity (0.1 < WSI < 0.2), 3 for 
average water scarcity (0.2 < WSI < 0.4), 4 for high water scarcity 
(0.4 < WSI < 1), and 5 for severe water scarcity (WSI > 1.0). This 
scale of course can be modified in this framework and is used here 
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for illustration purposes. For instance, sever water scarcity (high 
WSI) can be associated with low water availability (e.g., northern 
Mexico, northeast Brazil, pacific coast of Peru and Chile, southern 
Argentina) or by high water demand, which is characteristic of 
highly urbanized areas (e.g., Sao Paolo, Rio de Janeiro, Mexico 
City); many of the Water Fund sites have targeted these locations 
to improve water security in urban areas. Given the desktop nature 
of the data used for the analysis in this work, it would be useful to 
complement water demand and supply information with local data 
to ground truth and/or refine these estimates. In addition to this, 
future projections of the WSI can be made by site-specific studies 
including modeling for scenario analysis, considering aspects such 
as climate change, land use change, population and socioeconomic 
development. The household water security metric shown in 
Figure 7 is found as the fraction of the domestic water demand (as 
shown in Figure 1b) to the water availability values in Figure 2. This 
provides a ratio of domestic water demand to water supply. Because 

domestic water demand tends to be a small component of overall 
water demand, this metric is relatively small (value of 1) across 
most of the portfolio of Water Funds. High values of this metric 
are found in areas where the WSI is high, e.g., Monterrey, Mexico 
City; and moderate in other urban areas (e.g., Bogota, Brasilia). It is 
worth noting that the calculation of this metric does not consider 
household infrastructure for access to water services, so these 
results need ground-truthing. This index has been calculated 
considering only domestic/household demand estimates (based 
on population, level of service, etc.). Given that domestic water 
security also has a significant component of infrastructure for 
access to water services, the data used for this metric should be 
complemented with local data on household water demand (e.g., 
from local water utilities). Also, projections for water demand 
based on population growth and service expansion will be helpful 
as predictors of the change of this metric over time. 

Figure 4: Location of Water Fund sites in countries of Latin America.
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Figure 6: Water Scarcity Index (WSI) across the Latin America Water Funds Partnership.

Figure 5: Water Security Dashboard for the Latin America Water Funds Partnership.
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Figure 7: Domestic water security metric across the Latin America Water Funds Partnership.

The results for economic water security are shown in Figure 
8. This metric is found as the fraction of the water demand for 
key economic activities (as shown in Figure 1acdef) to the water 
availability values in Figure 2. This provides a ratio of a combined 
water demand for these activities to water supply. Since water 
demand for economic activities tends to be a major component 
of overall water demand, this metric is highly correlated with the 
WSI across most of the portfolio of Water Funds. High values of this 
metric are found in areas where the WSI is high, particularly urban 
areas across the region for which Water Funds were conceived as a 
measure for source water protection. As with previous results, given 
that the calculation of this metric does not consider infrastructure 
for access to water services, these results need ground-truthing. 
The environmental water security metric results are presented in 
Figure 9. These results are driven by a combination of point-source 
pollution (wastewater discharges) as well as non-point source 
pollution (diffuse sources such as agricultural runoff). The data and 
methodology used to compute this metric are detailed in Hofste 
et al. [66]; they include the percentage of households connected 
to sewerage systems (percent connected), and the percentage 
of wastewater connected left untreated (i.e., not treated using 
primary, secondary, or tertiary treatments) (percent untreated). 
On the non-point source pollution side, this metric represents 
where anthropogenic activities produce pollution to potentially 
degrade the quality of water sources. The aggregation of these 
water pollution data into a single metric is displayed graphically 
in the Aqueduct visualization tool (http://aqueduct.wri.org). High 

overall values of this indicator reflect widespread risk of pollution 
of water sources and is consistent with the findings reported in 
global studies such as Damania et al. [67]. Some limitations to this 
aggregated metric for environmental water security are noteworthy. 
Important sources of water pollution, such as industrial waste 
and agricultural runoff, are not included. Wastewater that may 
be treated on-site, such as with private septic tanks, is also not 
captured due to a lack of available data. In addition, the severity 
of water pollution, which depends on the magnitude of loadings of 
pollutants and dilution capacity of receiving water bodies, is not 
represented. Pollution of water due to non-point sources in this 
data focuses primarily in potential impacts to coastal areas (given 
the location of most large urban areas in the region). This limits the 
applicability of this metric to inland freshwater areas since a global 
data set for freshwater pollution potential is not currently available. 
Therefore, the metric does not reflect the risk to water sources 
upstream of the coastal zone. Basin-specific water quality modeling 
driven by locally collected data can help make this metric more 
realistic. Figure 10 shows the results for the disaster-related water 
security metric. These results are driven by a variety of factors, 
such as flood risk, drought risk and variability (extreme climate and 
weather events), as estimated in Hofste et al. [66]. Because of this 
aggregation, the metric is high across the Water Funds portfolio. 
Some disaggregation into specific disaster categories (e.g., floods 
only or droughts only) may provide some granularity around water 
security against disasters. The data set provided with this paper 
provides some guidance as to the type of disaster driving the value 
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of the metric at any given Water Fund site. Some ways to improve 
the reliability of this metric include validation with recurrence/

return periods of local weather (extreme storms) and climate 
(extreme drought, chronic flooding) events (Figures 5-10).

Figure 8: Economic water security metric across the Latin America Water Funds Partnership.

Figure 9: Environmental water security metric across the Latin America Water Funds Partnership.
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Figure 10: Disaster-related water security metric across the Latin America Water Funds Partnership.

Concluding Remarks
Over the past two decades, Water Funds have been 

implementing projects and developing a wide range of activities 
towards source water protection, which is perhaps the key pillar 
of water security. The LAWFP has prioritized contributing to water 
security as the main objective of Water Funds in the areas in which 
they operate. However, there is not a set of metrics that Water 
Funds use to monitor and evaluate their impact on water security. 
In view of this, the LAWFP embarked on the task of developing a 
framework to monitor and evaluate impact on water security, while 
help provide basic elements to guide planning and management of 
Water Funds. Specifically, this work focused on the development of 
a water security metrics framework, that creates and applies a set 
of metrics for water security addressing its multiple dimensions 
(e.g., environmental, urban, resilience) and the application of 
the developed framework across the Water Funds portfolio. This 
initial effort has established a proof-of-concept for a consistent, 
reproducible method of generating water security indicators at a 
basin scale, which is typically the scale of operation of Water Funds. 
The implementation of this group of metrics yields a rich geographic 
data set for comparisons among Water Fund locations and is able 
to complement bottom-up approach using local data sets for each 
location. Focus of this work was placed on the development of the 
framework, the definition of the metrics, the compilation of data 
sources used to quantify them, and their implementation across 

the LAWFP portfolio. Individual Water Fund sites can calibrate 
these metrics and validate results using local data sets which may 
have better spatial and temporal resolution. This initial framework 
and complementary efforts towards its refinement may also be 
useful for monitoring and evaluation, prioritization of policies, 
investments and actions, and guiding future Water Fund efforts.

One important aspect that this metrics framework intends 
to capture is the multi-sectoral nature of water security. The 
five metrics proposed in this work cover water scarcity (balance 
between physical supply and total demand), household water 
security (domestic demand met), economic water security 
(sectoral demand met), environmental water security (water 
quality) and water security toward disaster risk reduction. Other 
challenges to water security in the region that are long-standing 
can be incorporated into this framework in future iterations. Such 
metrics could include the provision of infrastructure and sanitation 
services, institutional/governance capacity, ecosystem services, 
among others [68]. Given the complex interaction between sectors, 
it is imperative to move from traditional sectoral management 
approaches, in which decision-making and investment planning are 
carried out as if the sectors (water and sanitation, agriculture, energy, 
others) independent of each other, and transition to an integrated 
approach to planning the development of water resources and their 
use. Apart from promoting economic and resource efficiency, this 
integrated planning framework is important to avoid unintended 
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consequences and potential water security conflicts in the coming 
decades in the Latin America region. This initial water security 
metrics framework represents an important practical development 
in this direction.
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