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This volume is dedicated to the memory of our dear friend and colleague, Professor Salif Diop, who
passed away unexpectedly as the project was nearing completion.

Salif Diop worked for 16 years at the United Nations in UNEPG&s Early Warning and Assessment
(DEWA) as a Senior O cer. He was a water specialist with extensive experience in various aspects of
coastal oceanography, freshwater assessment, aquatic and marine issues, sustainable management and
development. He received a 3™ cycle doctorate from the Louis Pasteur University in Strasbourg, France
in 1978 and a state doctorate in 1986. He had more than 40 referred publications and 6 books and was
awarded a Nobel Peace Prize Certiycate T IPCC 2007. He was a University Professor, member of the
National Academy of Sciences and Technologies of Senegal, the African Academy of Sciences (ASS) and
the World Academy of Sciences for the Advancement of Sciences in the Developing Countries (TWAS).
His long serving colleague and friend, Dr. Emmanuel Naah stated:

“I am the co-author with Professor Salif Diop of the chapter on Africa in this volume. Salif Diop was both
a colleague at the UN O ce in Nairobi, Kenya and a dear and close friend of many of us working in the
yelds of water sciences, climate change, ecosystem services and sustainable livelihood. His professional
and academic credentials were impressive by any standards.

I have contributed to this volume because his health condition required that he rest and not engage in
scientiyc activities. Words cannot describe how saddened | was to hear of his passing and realized that this
chapter would be his last scientiyc paperé for me a sad paper. He will be dearly missed. May his soul rest
in eternal peace.”
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WATER SCARCITY.
PRINCIPLES AND PROBLEMS



l. Introduction

The term “water scarcity” is widely used but its meaning varies and is subject to ambiguity. The debates
about water scarcity and how to deyne it are relevant for policy decisions. There is no commonly accepted
deynition of the term and its use in one report may refer to something quite di erent than the use of the
same term in another report. This creates confusion and leads to di erent, and often inconsistent, policies
and management proposals. In a broad sense water scarcity will depend upon: a) hydrologic availability
over time and space; b) water quality; c) whether return pows are considered at a basin scale: d) municipal,
industrial, agricultural and other demands; and ¢) whether the needs for environmental water are taken into
account.

I1. The Problem of Defnition: Principles and Concepts

The failure to specify clearly the deynition of water scarcity is only the initial part of the problem of
comprehensively addressing the meaning of the term. An additional, but equally important part of the
problem relates to the selection of the method of assessing water scarcity. This is crucial since di erent
indicators capture di erent parameters of water scarcity and none captures all parameters. The selection of
metrics will depend upon whether they are needed to characterize: 1) quantitative features of water scarcity;
2) the scale of the area to be considered, whether local or basin-wide and 3) the time period to be considered,
whether daily, monthly or annually. In addition to the many di erent ways of deyning water scarcity, there
are also many parameters that can be used to assess water scarcity. Thus, both the manner in which water
scarcity is deyned and measured will inpuence the conclusions drawn. Consequently, it is possible that
two assessments of the same situation may complicate the policy decision-making process. Ideally, a fully
satisfactory expression of water scarcity would embody measures of water availability (supply, adjusted
for the quality and the timing of availability) measures of use (demand adjusted for whether the use is
consumptive or not and for the timing of it). In reality, such a hypothetical measure is virtually impossible
to achieve because of the absence of adequate data or the cost of acquiring adequate data. The result is that
virtually all measures are approximations or rely on assumptions that may or may not approximate reality.
The deynitions discussed below either fail to include both elements of supply and demand or are inadequate
because of the absence of data.

A. Physical Definitions of Scarcity

Physical deynitions usually express scarcity and the intensity of scarcity in terms of well deyned physical
metrics. An example is the Falkenmark Index inwhich di erent levels of water availability are deyned based
on estimates of water uses in di erent sectors (Gleick, 2003). Another example is the work of Shiklomanov
(1998) and his colleagues Vorosmarty, et.al. (2000)who arrived at measures of scarcity by examining total
annual water withdrawals as a percent of available water resources (Shiklomanov, 1998).

1. Falkenmark Water Stress Index. Water scarcity is deyned in terms of the relationship between water
availability and human populations. It is expressed as water available per capita and measured on a national
basis. The metric deynitions are: >1700 m /capita/yr = water stress is either absent or infrequent; <1700 m
- >1001 m /capita/yr = water stress appears regularly; <1000 m ->501 m /capita/yr = water stress appears
regularly and water scarcity limits economic, human health and human welfare; <500m /capita/yr = water
is severely scarce.

Strengths: The data needed to employ this index are generally available. The index is commonly used.
Weaknesses: Water demands are inadequately characterized by simply assuming that each person is using
some yxed amount of water each year. Furthermore, it ignores regional and temporal availability of water
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where

To avoid biases due to partcular conditons such as price spikes, it is suggested to use annual average prices a tme
series.

Strengths: Incorporates both the elements of supply and demand and simplifes the data acquisiton and management
problems via abstracton through the use of assumptons in place of data. Economic water productvity (as previously
defned) provides a tool to atribute value and productvity to all water uses and users within a hydrological domain.
When based on hydrological accountng of actual water consumpton, economic water productvity can be atributed
to all water uses and reuses, including those that tend to be lef unaccounted for in irrigaton efciency approaches
as in which uses other than irrigaton treated as “wasted fractons.”

Weaknesses: Ofen fails to account for distortons introduced by the failure of markets, including equity issues such
as afordability. Frequently neglects important variables that are not priced accurately or at all. Fails to incorporate
adequately insttutonal issues that can lead to artfcial scarcity and “insttutonal drought.”

2. Household Water Security Index (HWSI). It is an index that considers all water needs of a household
such as domestic, irrigation and other productive purposes. It is estimated by weighting the following components:

2.1 Water resource availability (R): An assessment of a qualitatively adjusted value of the per capita
quantitative measure of ground and surface water availability for a household.

2.2 Access to available water (A): Estimates the e ort a household exerts to obtain water.

2.3 Purposes and means water used for (C): Reveals the level of human, economic, infrastructure, and
technology to contribute to household water security. It considers, for example: frequency of health and
hygiene education, morbidity and mortality related to water, household income, access to electricity, and
literacy rate of the household head, among others.

2.4 Capacity of household to manage water (U): Estimates the level of water use for various household
activities for diversiyed economy and the economic returns the household earned.

2.5 Ecological integrity of water (E): Assesses water quality and frequency of pood/drought events.

2.6 Organizations and institutions mediating the process of water access and use (1): Estimates peoplets
perception of institutional issues such as conpict resolution capacity, transparency, participation, and trust
on water leadership, among others.

Formally, HWSI is calculated as follows:

“

Where represents the weight applied to each component.
Strengths: Integrates diferent components which afect household water scarcity.
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Figure 1. Global Freshwater Use (Our World in Data. https://ourworldindata.org/water-use-stress)

3. Water Balances. A water balance is computed for a watershed, hydrologic basin or other spatially deyned
area. It is the di erence between the quantity of the water input (for example precipitation) and the quantity
of the water output (for example evapotranspiration or runo ). Usually, the changes between inputs and
outputs are equal to the change in water storage inside the system. Over long time periods — more than a year,
for example, the change in the storage can be assumed to be negligible and the balance would have a small
closure error. Water balances are usually computed using empirical hydrological data and can be used to
verify that closure error is small. Where this is true the quantities of water leaving the basin can be deyned as
the quantity available to serve new human and environmental demands. A comparison of the availability of
water and the potential demands for it can then be interpreted as a measure of the existing scarcity levels in
the region, watershed or country in question.

4. Stocks and Flows. With fresh surface waters and recharging ground waters di erent units become available
for use indi erent time periods. With ground waters that do not recharge the volume of the resource is yxed
and the problem of use is identical to that of minerals and other stock resources. Any use of stock resources
depletes the stock and by deynition increases the intensity of scarcity of resources in the stock. With pow
resources it is necessary to separate consumptive and non-consumptive uses since non- consumptive uses are
not depleted unless they are qualitatively degraded.

5. Water Quality. Degradation of water quality from both natural and human causes can reduce the
availability of water for certain uses, and in the worst cases, for all uses. Thus, return pows that might
otherwise be available for reuse used can made unavailable for reuse by virtue of qualitative degradations. In
those instances upstream uses that cause such degradations would be considered to be consumptive. Whether
that occurs and the extent to which it occurs will depend upon the degree of qualitative degradation and the
use to which the return pow would be put. In principle, improvements in water quality of both stocks and
pows can attenuate scarcity while qualitative degradation intensiyes scarcity. Water quality can be di cult
to deyne because there are a multiplicity of variables, physical, chemical and biological, that a ect and
determine quality.

6. Seasonality and Interannual climate variability and change (time-scales). The availability of water
is frequently determined by timing. Time can be important both inter-annually, as with dry years and wet
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The North American Region
Overview

The North American region includes three countries: Canada, Mexico and the United States. As shown in
Figure 2, all three are bordered on the west by the Paciyc Ocean while in the east Canada and the United
States are bordered by the Atlantic Ocean with Mexico bordered by the Caribbean Sea and the Gulf of
Mexico. In terms of land area these three nations are among the largest in the Americas with land areas
ranging from 9.2 million km for the United States, 8.9 for Canada and 1.96 million km for Mexico. In
terms of population in 2022 the U.S. is the largest with a population of 337,341,959 followed by Mexico
with 129,150,972 and Canada with 38,232,593. The economies of the three countries are generally strong.
The U.S. and Canada are well developed with gross domestic products per capita of $US63,359 and
$US43, 295 respectively. For Mexico the per capita gross domestic product is $US8,404 and developing
rapidly (Central Intelligence Agency, 2020) All three of these countries are faced with intensifying water
scarcity as the economies and populations grow. In fact, the management of water scarcity will be among
the signiycant challenges faced by each country in the coming decades and climate change will undoubtedly
intensify scarcity related problems.

Meath Arstdica

Figure 2: Map of North America

As would be expected of nations of this size the landscapes and climates of all three are quite variable as
among regions and locales. Average annual precipitation is 758 mm/yr for Mexico, 715mm/yr for the U.S.
and 537 mm/yr for Canada (World Bank Group, 2020). These ygures mask signiycant variations with
time - climates with wet and dry seasons -and space — climates that vary from arid, desert climates to lush,
tropical climates. Canada has the second largest per capita water endowment of any country in the world
but this is deceptive because 90% of the water pows to the north while 90% of the population lives in the
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contaminants on or below the surface may lead to their migration into and contamination of nearby ground
waters. While it is possible to cleanse contaminated ground waters (pump and treat is one technique) the
evidence almost always shows that it is cheaper to prevent ground water contamination than it is to clean it
up once contamination has occurred. There are management tools available that are capable of addressing
both threats. Damaging overdraft can be averted by employing pumping taxes or through command and
control measures which impose pumping quotas on interconnected ground water extractors. Both of these
techniques require oversight and enforcement regimes which can be expensive (Vaux, 2011). Ground water
is an important source of supply in all three countries and the failure to manage ground waters in ways that
are both hydrologically and economically sound can intensify water scarcity.

Water Use and Water Infrastructure

Arrayed against the available ground and surface water supplies are the uses that those supplies serve.
Consumptive use by sector for the three countries is displayed in Table 1. Several features stand out. 1) The
largest consumptive use in each country is for agriculture. This is to be expected in a region where there are
signiycant areas where precipitation is inadequate or seasonal in nature such that irrigation is necessary to
ensure and enhance agricultural productivity. 2) Municipal and industrial uses account for about a quarter of
consumptive use in Canada and the U.S. The proportion of this use is somewhat lower in Mexico. A large
majority of the core urban population has access to safe and healthful water though some suburban and peri
urban areas are exceptions. 3) Canada is unique in that consumptive uses associated with hydroelectric and
thermal electric generation and for mining and oil and gas production are proportionately large.

TABLE 1
PATTERNS OF CONSUMPTIVE USE IN NORTH AMERICA
( percent of total consumptive use)

Sector CANADA MEXICO USA
Agriculture 44.2 77.0 59.6
Municipal & Industrial 25.95 18.0 28.7
Power Generation 11.0 5.0 4.9
Oil, Gas & Mining 18.85 - --
Other 3.0 - 6.8

Source: Diagnosis of the Waters of the Americas, 2013

In Canada total water usage is generally balanced with available supplies, and while there are exceptions
in the west, ground water overdraft is infrequent. In contrast, there are signiycant regions of both the
United States and Mexico where ground water overdraft is signiycant and cannot be sustained indeynitely.
Developing and implementing e ective ground water management schemes will be a critically important
in managing scarcity. Persistent overdraft ultimately increases water scarcity at some time in the future. All
three countries face growing demands for water as population increases and as economic activity grows and
the mix of industries changes. Demands for additional water supplies will occur during periods when there
is a likelihood that supplies will remain static or decline. Periods of drought and more intensive drought may
become the rule in the future. There is some indication of a prolonged drought in progress in the western
U.S. and in northern Mexico. There is a high likelihood that water scarcity will intensify throughout the
region in the future and declines in ground water availability will make scarcity more intense than it would
be otherwise (Vaux, 2011).
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and contaminants in drainage waters from abandoned mines are frequently major contaminants of both
surface and ground water throughout the region. The means of controlling di use or non-point source
pollution must be identiyed and implemented on a broad scale. Fourth, new chemicals are introduced into
the environment at rates much greater than the rates at which they can be evaluated for their impacts on
health, safety and the environment. E orts must be made to accelerate the evaluation of such ficontaminants
of concerno and, where justiyed, programs to control or eliminate, if necessary, these contaminants must
be adopted. The protection and enhancement of water quality represents a key challenge in any e ort to
address the consequences of water scarcity.

3. Water Governance. Institutions and arrangements for managing water resources are frequently absent,
inadequate or outdated. Broadly speaking, all three countries within the region are organized as republics
with mixed free enterprise systems in which private and public (governmental) activities co-exist. A
signiycant and common problem within all three is the lack of clarity over how responsibilities for water
resources are allocated between the national and the state/provincial governments. In Canada, there is a
long history of confusion and conpict over whether the management of water quality rests with national or
provincial governments. One consequence is that protection of water quality is done with guidelines and
objectives that are not enforceable. In the United States, consumptive uses of water generally fall within
the purview of the States while instream, non-consumptive uses rest with the national government. Many
state laws governing water allocation were enacted in a di erent era and need modiycation to allow for
more pexibility in addressing intensifying water scarcity. In Mexico, portions of the country are without
water quality regulations with resulting contamination of ground and surface waters. The problems of
water scarcity, including declining water quality, appear to require substantial reform to establish clear
policies and regulations appropriate for surface waters. Ground water contamination is widespread in all
countries and yet there are no e ective national policies focused on managing such contamination. There
are numerous other issues that require attention and reform. Among them are issues of transparency of and
access to the processes of policy making. Environmental justice is rarely considered and environmental
uses of water are frequently neglected. Identifying and implementing the governance reforms needed to
address water scarcity seems the biggest challenge of all.
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The Caribbean Region
Overview

The Caribbean Region is comprised of both insular and continental states that are proximately situated in
the Atlantic Ocean between the North and South American continents. The combined area of the Caribbean
Sea and the Gulf of Mexico is approximately 5,326,000 km (UNEP 2008). While Belize, Guyana, and
Suriname are continental countries, for political and historical reasons they are considered part of the
Caribbean and classiyed by the United Nations as being integral members of one of three geographical
regions in the world as Small Island Developing States (SIDS)(Figure 2).

This classiycation serves to identify the unique social, economic, and environmental vulnerabilities
Caribbean countries experience and contextualizes the range of solutions that can be taken to address any
weaknesses found.
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Figure 3: Map of Caribbean Small Island Developing States (SIDS)  omas, et al, 2020

The countries considered as part of the Caribbean region can be grouped into several subgroups: the coastal
continental Caribbean countries (Belize, Guyana, Suriname), the Bahamas, the Greater Antilles (Cuba,
Hispaniola, Puerto Rico, Jamaica, and the Cayman Islands) and the Lesser Antilles which can be further
subdivided into the Leeward Islands (U.S. Virgins islands in the North all the way down to Dominica in the
South) and the Windward Islands (St. Lucia, St. Vincent and the Grenadines, Barbados, Grenada), and the
Southern O shore Islands (Aruba, Bonaire, Curacao, Trinidad and Tobago) (Figure 3).
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sizes vary markedly with the small islands inhabited with populations that are typically less than 100,000.
In contrast the larger islands such as Cuba and the island of Hispaniola, which hosts the states of Haiti and
the Dominican Republic, alone have a combined population of over 31 million inhabitants, 73% of the 44.9
million persons who live in the entire region.

The population in the Caribbean region has grown from 17 million in 1950 to now almost 45 million in
2022 and together with Latin America, the region has been classiyed as being one of the most urbanized
locations on the planet. Rapid and ongoing urban development presents signiycant challenges to Caribbean
governments, from delivering potable water to densely populated communities while simultaneously
addressing stormwater and wastewater problems typical of urban environments (GWP, 2014).

Governance

While the term 6Caribbean regiond provides a useful and convenient umbrella term to geographically group
a number of countries, it masks the highly varied political and governance structures that exist within the
region. Guadeloupe, Aruba, and Puerto Rico remain functionally governed by external powers such as the
French, Dutch, and United States respectively. The management of water resources in these countries is
largely governed by laws, policies and regulations that are, for the most part, determined by their colonial
parent. Additionally, for the large Spanish-speaking Caribbean countries, governance structures tend to
mirror governance structures that are very similar with those seen in Latin America due to their shared
language and cultural heritage.

Caribbean Waterscape

One way to evaluate the presence and degree of water scarcity within the Caribbean region is to look through
the lens of supply and demand and focus on the variables that inpuence the two sides of this equation.
There are social factors such as usage patterns and social norms which inpuence demand whereas the type
of available resources, condition of the water provisioning infrastructure, and administrative structures are
factors that can materially impact supply (Cashman, 2014). Other factors that can place pressure on water
availability and hence water security include uncontrolled urban population growth, extensive land use
changes, degradation of water quality, and growing impacts of climate change on the hydrological cycle.

Given the varied ways in which water scarcity can be deyned and assessed, a framework utilized by Cashman
(2014) which is based on four reviewable elements T Adequacy, Accessibility, Assurance and A ordability
—will be used to examine the state of water resources and service provisioning in the Caribbean. A summary
of Cashman’s assessment based on these four elements buttressed with updated data and information that
were available in presented below.

Adequacy of Resources. The Caribbean regions’ waterscape varies from being the home to some of the
most water-scare nations on the planet, such as Barbados and the Bahamas, to countries that have abundant
freshwater resources, such as Guyana and Belize (Table 2, Global Water Partnership, 2014).

Although the overall average annual precipitation in the Caribbean region is over 1,400 millimeters (mm),
the annual amounts experienced in di erent islands from a low of 135 mm for the Cayman Islands to a high
of 2,387 mm in Guyana. The amount of precipitation is divided roughly between two distinct seasons: 20
to 25% during a dry season, from January to June, and 75 to 80% during a wet (rainy) season, from July to
December, which overlaps with the hurricane season. Further, the amount of precipitation varies spatially
as the windward side of an island receives more precipitation than the leeward side. Given that sea level
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temperatures vary very little throughout the year, this results in evapotranspiration rates exceeding the
amount of precipitation for a signiycant part of the year. Further, notwithstanding the fact that the Caribbean
lies in the tropics, island temperatures are strongly elevation-dependent with coastal temperatures varying
from a high of 32¢C and low of 24¢C but dropping to as low as 10eC with increasing elevation.

In 2002, UNEP quantiyed freshwater resources (internal renewable water resources) in the Caribbean at
2,532 m per capita (UNEP, 2008). However, several islands like Antigua and Barbuda (571.40 m /capita/
year), the Bahamas (57 m /capita/year), and St. Kitts and Nevis (444 m /capita/year) fall in the category of
water-scarce countries as they fall below UNEP’s minimum of 1,000 m per capita per year.

TABLE 2

WATER RESOURCES FOR ENGLISH SPEAKING COUNTIRES
Country Land Total Total Municipal Total water Total renewable

area average |renewable |water withdrawal per | water per capita

(km?) annual water withdrawal | capita (m*/capita/year)

rainfall resources (mm?3/year) (m3/capita/
(mm) (mm3/year) year)

Anguilla 91 890 Not given Not given Not given
Antigua and (443 1,030 52 5 98 571
Barbuda
The Bahamas | 13,880 1,292 20 Not stated Not stated 57
Barbados 430 1,422 80 20 371 291
Belize 22,966 1,705 16,000 10 Not stated 51,779
British Virgin Is- | 153 1,117 Not stated Not stated Not stated Not stated
lands
Cayman 263 135 Not stated Not stated Not stated Not stated
Islands
Dominica 751 2,083 Not stated Not stated 244 Not stated
Grenada 344 2,350 Not stated Not stated 97 Not stated
Guyana 214,970 2,387 241,000 61 2,222 317,942
Jamaica 10,991 2,051 9,404 275 370 3,406.00
Montserrat 102 1,143 Not stated Not stated Not stated Not stated
Saint Kitts and | 261 1,427 24 Not stated Not stated 444
Nevis
Saint Lucia 616 2,301 Not stated 10 98 Not stated
Saint Vincent | 389 1,583 Not stated Not stated Not stated Not stated
and the
Grenadines
Trinidad and|5,128 2,200 3,840 174 178 2,842
Tobago
Turks and 616 559 Not stated Not stated Not stated Not stated
Caicos

Source: CIA World Factbook (https://www.cia.gov/library/publications/the-world-factbook/); FAO Aquastat database
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Given increasing demands for water and the predicted negative e ects of climate change on the hydrologic
cycle, the existing gaps between the demand for potable water and its supply are expected to widen in
several Caribbean countries. Barbados is currently using almost 100 percent of its available water resources,
St. Lucia has a 35 percent water deycit, in Nevis the deycit is 40 percent, and Trinidad and Tobago has
been operating at a deycit since 2000 (Global Water Partnership, 2014). Seasonal water shortages during
the dry season are predicted to get worse in Dominica, Grenada, and St Vincent and the Grenadines as
demands exceed the water utilities’ ability to satisfy from available water resources. In Dominica, the
gap in demand-supply may be as much as 50 percent (Global Water Partnership, 2014). The fact that
such a shortage should exist in the yrst place is somewhat paradoxical since as has already been noted in
Table 2, the average annual precipitation in these three Caribbean countries exceeds 2,000 mm, however.
This supply/demand gap is probably due to the lack of adequate storage infrastructure and/or institutional
frameworks and this problem will likely persist and continue to grow.

For the Caribbean region, the tourism sector is the prime driver of economic growth and development.
However, it is estimated that tourists consume up to three times as much water as the local population and
the supply of water to hotels can account for between 10% and 15% of all water supplied by municipal
distribution systems (Cashman, 2013). As the tourism industry continues to grow in many Caribbean
jurisdictions, the growing demand for water will continue to pose signiycant challenges for national water
providers.

Access to Services. While access to improved water services exceeds 90% in almost all Caribbean countries,
problems related to the quality of service and maintenance of water-related infrastructure continue to beset
most islands. The level of daily water consumption depends not only on population size but also on the
degree of industrial activity. Thus, heavily industrialized Caribbean islands like Jamaica and Trinidad
consume 632,876 m /d and 904,110 m /d respectively whereas islands like Grenada and St. Kitts and Nevis
only 31, 877 m /d and 12,600 m /d respectively.

High rates of unaccounted for water (UFW) plague most Caribbean countries and vary from a low of 17%
in the Cayman Islands to a high of 66% in Jamaica as seen in Table 3. Procuring funding to invest in water
main replacement, as well as annual leakage management, remains a constant challenge thus jeopardizing
many Caribbean water providers’ ability to provide water services reliably and consistently year-round.

Assurance of Supply. Due to the interaction of geographic, climatic, and topographic factors, the availability
of water resources in the Caribbean varies both temporally and spatially. Water providers thus face the
challenge of developing infrastructure that is both resilient and adaptative enough to cope with current and
future needs in a setting where the supply of water is constantly variable.

Climate change is anticipated to exacerbate this challenge as both surface and ground water resources
are showing evidence of signiycant decreases in sustainable yields due to decreases in recharge rates and
declines in average annual precipitation throughout the region. The amount of precipitation has generally
decreased throughout the region. Simultaneously, there has been an overall decrease in the percentage
of renewable water with countries like the Bahamas and Belize experiencing 48% and 60% decreases
respectively in the amount of renewable water available receive as noted in Table 3.

Another factor a ecting the availability of water supplies in several Caribbean countries is the increasing
threat to streampows due to urban development and poor agricultural practices. For example, the
urbanization of the upper watershed areas around Port of Spain in Trinidad and Castries in Saint Lucia have
resulted in higher peak pows, downstream pooding, higher sediment loads, and an overall decrease in base
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stream pows (Edwards, 2011; Williams, 2010).

Affordability. Using the metric based on what people are willing and able to pay, the a ordability of water
in has been addressed by charging yxed amounts for 10-15 m3 per month, the volumes deemed su cient
to basic water requirements.

For service providers, a ordability in providing water services is determined by their ability to source and
secure su cient funding to cover annual operating and maintenance costs, as well as ynances for capital
works needed to upgrade and improve on water supply services and products. This deynition is at variance
with the deynition of consumer a ordability which in the Caribbean is lower than what water providers
estimate that they require.

At present, water providers rely on tari s to cover operating and maintenance costs but need government
loans or transfers to execute any proposed capital works. Thus existing water tari s are generally insu cient
to cover the costs of water production. Current tari s tend to be lowest in countries that have abundant
water resources like Guyana ($0.14) and St. Vincent and the Grenadines ($0.15) and highest in countries
that rely heavily on desalination such as Anguilla ($3.67), the Bahamas ($2.64), the British Virgin Islands
($2.64), the Cayman Islands ($2.50), and Turks and Caicos Islands ($6.60).

A water provider’s ability to recover operating costs from annual revenue can be determined by calculating
its working ratio. Given that a working ratio of 0.7 is considered as a good indicator of ynancial prudence,
as seen in Table 3, countries in the Caribbean region are experiencing ynancial challenges. Caribbean
countries like St. Lucia (2.2), Trinidad and Tobago (3.27), and the British Virgin Islands (3.33) all require
signiycant governmental interventions in order to continue operations.

Summary

From an overall regional perspective, it might appear that the Caribbean region is endowed with su cient
water resources that meet the needs of more than 90% of those who live in the region. This review,
however, has highlighted that the quality and sustainability of this coverage is not evenly distributed and
that signiycant challenges are being brought to bear on the regionés water providers to maintain and increase
the supply of water under present and future anticipated demands. If these challenges are not appropriately
and expeditiously dealt with, the pockets of water scarcity will become more widespread and pervasive, and
the ability of water providers to provide for a broad range of water demands will be greatly diminished.
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Figure 6. Watersheds and Hydrological Network of Central America. Source: CCAD, 2008

TABLE 4
RENEWABLE RESOURCES PER YEAR IN GLOBAL CONTEXT

Total Internal Renewable Water Resources (IRWR)

Regions m3/capita per year

World 5829
Oceania 29 225
Americas 19 725
North America 15 845
Mexico 3220

[CenalAmerica [ 1se2 |

Caribbean-Greater Antilles 2 367
Caribbean-Lesser Antilles and

Bahamas 20T
South America 30 428
Europe 8 895
Africa 3319
Asia 2 697

Source: FAO/Aquastat, 2022

The climate of Central America is essentially tropical but the two oceanic climates and the geographic
diversity creates a precipitation gradient that ranges from semi-desert mostly on the Paciyc Coast (400mm
precipitation a year) to intensive rainfall and humid tropical conditions in areas on the Caribbean Coast,
called the Mosquito Coast (up to 6350 mm per year). There are marked seasons in the Paciyc zone with dry
season from 4 to 6 months from May to November. The Caribbean zone has wet characteristics usually all
year round.
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Salinization of Soils

When water is required for irrigation it is usually due to the lack of adequate precipitation to support
rainfed agriculture in arid and semi-arid regions. Soil salinization can also be a problem and occurs when
soil salts are mobilized or by inadequate drainage of tail water. All waters contain some amount of salt and
evapotranspiration can leave salt as a residue in the root zone where drainage is not adequate. The usual
solution is to apply additional water to push the salts from the root zone. Management of salt balances,
then, increases the use of water in areas where it is already scarce. This problem is especially evident
in Argentina, where drier areas represent two thirds of the country’s surface, and in the northeast region
of Brazil, where high exploitation or vertical inyltration in poorly sealed wells adversely a ects coastal
sedimentary aquifers.

Pollution

Pollution of ground and surface water is a serious problem throughout the region and tends to be associated
with agricultural and industrial activities. The major pollutants include a wide variety of pesticides and
fertilizers, faecal contaminants, industrial solvents, macronutrients, toxic substances, bacteria and viruses.
Natural pollutants are also of concern. In Argentina, for example, arsenic and puorine that originate in the
geological substrate are found in groundwater. Boron is found in both surface and groundwaters, often
in concentrations that are detrimental to plant growth. In southeast Brazil, natural geochemical anomalies
introduce toxic substances such as F, Cr and Ba into the water. There is also an extensive presence of Fe and
Mg associated with unconyned sedimentary aquifers.

The petroleum and mining industries are important sources of water pollution. Hydrocarbon production
in the Lake Maracaibo area of Venezuela has led to uncontrolled spills which, together with salinity, have
modiyed the chemical composition of the water thereby making it unacceptable for human consumption,
irrigation or industrial uses. This same situation has also been observed in waterbodies in Brazil, where the
presence of liquid fuels derived from petroleum has also been noted. Mining has caused the degradation and
contamination of water across signiycant areas of the region. For example, in both Brazil and Venezuela high
concentrations of mercury have been detected in people living in mining areas in the Orinoco river basin
(Venezuela). Elsehwhere, in areas where illegal mining is practiced, high concentrations of mercury have
been recorded in sediments, water and ysh. In the coastal areas of Montevideo (Uruguay) the presence of
high concentrations of heavy metals such as Cr, Pb, Cu and Zn, have been detected. Unhealthy concentrations
of copper are reported in some waters of northern Brazil. The fact that most of these contaminants have
non-point source origins makes the cleanup and prevention especially challenging. This is also true of solid
waste and its associated leachates that generate di use sources of pollution that impact surface and ground
waters.

Finally emerging contaminants such as pharmaceuticals, cosmetics, antibiotics, hormones, nanomaterials,
paints and coatings are of special concern because they are being generated at rates faster than they can
be evaluated for potential toxicity in the environment. For example, the evaluation and quantiycation of
the damage to aquatic biota by such contaminants has only recently begun. Such scientiyc evaluations
generally lag far behind the introduction of new materials into the environment.

Deforestation
Argentina, Brazil and Venezuela have experienced signiycant rates of deforestation that subsequently impact

water resources. For example, in Venezuela deforestation associated with extraction activities in the so-
called “Orinoco Mining Arc” has adversely impacted large and important water reserves in the country. e
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conversion of forested lands for agriculture and agro-industrial development as well as urban development
has replaced large areas of native forests. This loss of vegetation and the subsequent erosion has reduced
the retention of nutrients in drainage basins and mobilized sediments and nutrients that contaminate the
waterways which transport them. In addition, deforestation for urban development has generated and
introduced debris, chemical compounds, plastic and leachate into pristine environments. Overall of
deforestation not only adversely a ects water quality but also quantity and timing of water pows. There
are few tools available to assess comprehensively the impacts of deforestation in advance of its occurrence.
The rate of deforestation is increasing and its magnitude is a major concern. In 2021 Brazil lost 2.90 Mha
of natural forests, the highest annual loss ever recorded (Global Forest Watch, 2022). Deforestation is a
critical problem that requires early attention.

Eutrophication

Eutrophication of water bodies is the result of fiartiycial fertilizationo from nutrients found in unregulated
waste discharges leading to undesirable environmental problems. These include: excessive growth of
phytoplankton and macrophytes, proliferation ofalgae blooms and toxic phytoplankton (some cyanobacteria),
ysh mortality by su ocation due to the drastic drop in oxygen concentration, the proliferation of suitable
habitats for vectors of tropical diseases, deterioration of water quality and loss of biodiversity. Algal blooms
associated with some species of cyanobacteria, are particularly costly if the a ected water bodies are used
for drinking water supply, as removal of the toxins requires advanced treatment processes and inadequate
treatment poses serious risks to public health. Problems are also generated in the puriycation systems due to
the need to use higher doses of coagulants-pocculants. Eutrophication is frequently the result of non-point
source discharges and therefore presents a signiycant management challenge.

Health Problems

Polluted waters are the cause of human health problems in both rural and urban areas due to the presence
of enteropathogens, bacteria and viruses. Diseases that include dengue, malaria and yellow fever that are
spread by mosquitos that are present throughout the region. Schistosomaisis and Leishmaniasis are other
examples found in rural areas. Harmful bacteria and viruses are found in wastewaters that have not been
treated or are subject to inadequate treatment.

Water Governance

As in other countries in the Americas, institutions and laws related to water resource management are often
absent or inadequate and when regulations do exist there is often a lack of enforcement. In Argentina, there
are neither national water laws nor are there any regulations regarding the reuse of wastewater. In Brazil,
the application of existing laws is often lacking and gives rise to conpicts over improper uses of water. In
Uruguay there is a National Water Plan, but it has not been completely implemented. In \enezuela there is
an adequate legal framework, but not all its provisions are complied with. It is clear that these problems
must be addressed with scientiyc data playing a strong and important role in developing regulatory policies
and the appropriate means of enforcing them.

Climate Change
While many of the impacts of climate change remain uncertain others can be reasonably anticipated

including several relating to water scarcity. Four stand out: (UNESCO, 2020)
* Increased frequency and magnitude of extreme events, such as heat waves, precipitation, droughts, storms
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South America: Andean Region
Overview

As summarized in Table 10 the population of the Andean Countries is approximately 130 million inhabitants.
The countries themselves cover a surface area of 4.6 million km?2 (Table 10). Colombia is the most populated
country of this region with 38% of the population, followed by Peru with 25%. Ecuador is the most densely
populated (52 inhabitants/km2) followed by Colombia (45 inhabitants/km?2). Ecuador and Bolivia are the
countries with the greatest population growth in the past 20 years.

TABLE 10
POPULATION OF SOUTH AMERICAN ANDEAN REGION BY COUNTRY

Population Pop. Change » | Population Density
2020 (MM) | (%) 2000-2020 |SUrface (km?) | b abitants/km?)

Colombia 50,88 28,4 1.142.000 45

Ecuador 17,64 39,1 283.560 52

Bolivia 11,67 38,6 1.099.000 11

Peru 32,97 24,6 1.285.216 24

Chile 19,12 24,6 756.950 26

Region 132,28 29 4.566.726 30

Source: World Bank - World Development Indicators and World Bank Open Data

The region has an average precipitation of 9,900 mm/year and average runo of 5,800 km /year as shown in
Table 11. Within the global context, the Andean Region could be considered privileged in terms of water
resources as its average runo is 43,000 mj/person/year, considerably higher than the world average (6,600
mj/person/year).

However, from a hydrological perspective, the region is one of extremes. Its rivers and aquifers exist in
varied geographical settings and are characterized by high spatial variability. For example, annual average
runo ranges from 420 km in Ecuador to 2,000 km in Colombia. Within each country there is also
signiycant variation. In Chile, for instance, in the area north of Santiago arid conditions prevail with
average water availability below 800 mj/person/year, while south of Santiago water availability is exceeds
10,000 mj/person/year.

TABLE 11
AVAILABLE WATER AND LEVELS OF CONSUMPTION
IN ANDEAN REGION BY COUNTRY

Average an- I'Ci-};;:)%r:;‘),r:;v:- Average | Groundwa- |water Use Water infrastruc-
nual precipi- '9€ | annual ru- | ter Recharge | (km?) ture (Storage
tation (mm) annual precipi- noff (km?®) | (km?3) capacity Km?)
tation (mm)

Colombia | 3240 200-3500 2030 510 11,8 11,28

Ecuador |2274 450-3300 423 134 9,9 7,69

Bolivia 1140 150-6000 547 130 2,1 0,595

Peru 1730 500-2800 1880 303 13,7 5,77

Chile 1520 20-4000 923 140 35,4 13,22

Region 9904 - 5803 1217 72,9 38,555

Source: United Nations (UN, UNESCO, and FAO); World Bank Open Data
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Water Scarcity in Africa
Water Scarcity and Water Resources Management within the Context of Climate Change in Africa
Salif Diop and Emmanuel Naah
Overview

The IPCC has recognized that Africa is among the most vulnerable continents to climate change impacts,
due to a combination of projected climatic, high poverty levels and the paucity of institutional capacity
across the continent (Christensen et al., 2007). This is evident from the ND-Gain index for climate change
vulnerability, where the top 5 and 8 out of the 10 most vulnerable countries in the world are in Africa (Notre
Dame Global Adaptation Initiative, 2019).

There are two major challenges in addressing climate change impacts in Africa. First, the predicted impacts
will add to the existing pressures imposed by limited water resources. Second, climate change pressures
will intensify in the face of growing populations and economies. Combined they will place additional
stresses on existing water resources and natural ecosystem provisioning services. Thus, the challenge of
managing water scarcity and water resources in Africa over the coming decades is both a climate change and
development challenge (UNEP, 2009). In this regard, the already-vulnerable rural areas contain the people
most at risk from climate change impacts. Any action that increases the resilience of these communities
will help respond more e ectively to the impacts of climate change, including removing barriers to the
integration of climate change adaptation into development planning and decision-making frameworks.
This paper provides an overview of the current challenges related to water scarcity and water resource
management in the context of climate change faced by most vulnerable areas in Africa and identiyes
possible options and actions for improved management of water scarcity and water resources.

Africa’s Climate and Climate Change

Large parts of Africa are subject to seasonally variable hydrology and geographically uneven distribution of
water resources with greater hydrologic variability projected to occur under climate change (Trisos, et al.,
2022). This diversity of hydro-climatic zones results in a range of climate risks exists for di erent economic
sectors including agriculture, manufacturing and mining. A study by Distefano and Kelly (2017), reported
that water remains a signiycant obstacle to growth in both developed and developing countries irrespective
of their level of water scarcity at present but that e ciency gains from greater investment in technological
enhancements could alleviate the problem. However, greater gains through demand management such as
reducing use of water intensive goods and services, wastage and shifting activities to regions where
existing supply chains are more resilient to the impact of climate changes. Therefore, water security risk
mitigation in Africa needs to consider both infrastructure and management responses.

As with other parts of the world, climate change projections for Africa, have a high degree of uncertainty
but there is clear evidence of a warming trend across the continent since the 1960s. Nevertheless, it is
important to recognize that macro-scale estimations may have signiycant variations should they be rescaled
to the regional or sub-regional level. Under a high Representative Concentration Pathway (RCP), warming
projections under medium scenarios estimate that compared to the late 20th century extensive areas of
Africa will exceed 2°C by the last two decades of this century. It is likely that land temperatures over Africa
will rise faster than the global land average, particularly in the more arid regions. It is also likely that the
rate of increase in minimum temperatures will exceed that of maximum temperatures (Niang et al., 2014)
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(Figure 8). This warming alone has signiycant implications for agriculture and the agri-business sector,
particularly in relation to increased crop water requirements, changes in growing seasons and impacts on
water availability generally.

Figure 8. Observed and projected changes in annual average temperature in Africa
(Niang et al., 2014)

Understanding the impact of climate change on precipitation in Africa is more di cult. Most areas do not
exhibit changes in mean annual precipitation that exceed the baseline variability in more than 66% of the
models in either the mid- or late 21st-century periods for RCP2.6 (Niang et al., 2014) (Figure 9). The key
yndings from the report are:

« It is very likely that mean annual precipitation over southern Africa and the Mediterranean region
of northern Africa will decrease in the mid- and late 21st century periods.

* CMIPS5 projects likely increases in mean annual precipitation over areas of central and eastern
Africa.

* An annual and seasonal decrease in precipitation over the northern African region (including
Morocco, Algeria, Libya, Egypt, and Tunisia) is a consistent feature in the 21st century global and the
regional climate change projections under the A1B and A2 scenarios.

A Under the A1B scenario, climate models project a signiycant decrease in the median precipitation
as well as the 10th and 90th percentile values during the winter and spring seasons in the northern basins of
Tunisia.

» Furthermore, the projection for East Africa is at odds with past precipitation patterns. This is
referred to as the East Africa Climate Paradox (Lyon, 2014).
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change could reduce crop production by up to 28% for soybeans, and 11% for rice by 2050 and over
the same period a 20% reduction in crop growing seasons is projected. Coastal zones and estuaries are
particularly at risk from sea level rise, changes in run-o and changing temperatures. A decrease in rainfall,
for example, may signiycantly change the distance salt water penetrates upstream in a river and as a
consequence coastal agriculture, including palm oil and coconut plantations in Benin and Cote d’Ivoire,
may be adversely a ected by inundation and soil salinization. In Kenya, a 1m sea level rise could result
in US$500 million loss of income from mangoes, cashew nuts and coconuts” (Pegasys, 2011). However,
there may also be positive impacts on agriculture, such as the projected increase in rainfall for some parts
of tropical or eastern Africa (Niang et al., 2014).

The blue water use as a result of growing domestic consumption through urbanization is also at risk of
climate change. A growing body of literature generated since the AR4 suggests that climate change in Africa
will have an overall modest e ect on future water scarcity relative to other drivers, such as population
growth, urbanization, agricultural growth, and land use change (Niang et al., 2014). In Africa increased
urbanization over the next century will also take place through the growth of unplanned settlements that
will place increasing strains on already weak infrastructure and management systems. Particular challenges
associated with climate change include poor management of storm water in unplanned settlements as this
will lead to pash pooding as well as, increased ponding which may increase water related disease.

The Challenges of Water Scarcity and Resource Management in Africa

Climate change in Africa is projected to result in signiycant changes in the demand for, and availability of,
water. Large parts of Africa are already subject to seasonally-variable hydrology, and geographically uneven
distribution of water resources. This will increase pressures on Africa’s industries and unique ecosystems
as demands driven by growing populations and industries intensify (Figures 10 and 11). Despite the fact
that Africa is the least polluting and smallest emitter of greenhouse gases (less than 5% of total worldwide
emissions, it is projected to be the most heavily impacted continent.

Figure 10. e current and projected average GDP growth in Sub-Saharan Africa.
Period 2016-2018 (source: World Bank, 2018)
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managing the critical issues in the most vulnerable areas rather than attempting to spread limited resources
over too large an area or too many issues. It is also critical that transboundary water resource management
is practiced given the large number of transboundary basins that are vulnerable to the impacts of climate
change.

Alignment between national development objectives and water availability is of key importance in managing
the water-related impacts of climate change. Due to the di culty of accurately predicting climate change
impacts on water management (IPCC, 2014, 2018, 2022), the challenge is to have a su ciently pexible
approach to facilitate adaptation to a changing climate over the years. This will require that water-related
development planning departments have access to relevant and up-to-date climate change information. It
will also be critical to integrate local resource development and management plans into macro-planning
to ensure their systematic consideration, integration and ynancing. Given that women and children are
particularly vulnerable to the impacts of climate change all response plans should proactively address the
related issues of gender.

With adaptation as an additional development challenge, substantial increases in ynancing will be needed
to improve rural household land and water management system adaptive capacities and resilience. As the
ynancial resources in African countries are limited, alternative ynancing options are needed and these
should include private sources and public sector funding from developed countries.

Investing in Ecological Infrastructure. As a yrst line of defense, investments in the protection and
rehabilitation of natural aquifers, lakes and reservoirs and wetlands can contribute signiycantly to
increasing resilience to climate change (cf. UNEP, 2021). Vital ecosystem functions and services are
already under great pressure from population growth, energy demands, exploitative land-use practices and
other pressures, resulting in deforestation and land degradation. Climate change magniyes these challenges.
Thus, increasing land and water management resilience requires integrated ecosystem-based approaches,
including sustainable land-use management, the designation of water protection areas and the management
of natural water storage systems.

It is also vital to secure the vital freshwater ecosystem functions, especially those of groundwater reservoirs
and lakes, through appropriate environmental pow and reserve regulation. The objective of this approach is
to secure an appropriate pow of rivers and the reserves of other aquatic ecosystems (in particular groundwater
reservoirs and lakes). This will require appropriate water allocation decisions and establishment of operating
criteria for dam and other storage facilities. The existing and proposed storage facilities in Lesotho ((Dube
et al., 2014)) illustrate both the complexity and the importance of integrated operating criteria. Although
stakeholders sometimes interpret such approaches as being in direct competition with human development
needs, they actually present an opportunity to maintain the important water-related ecosystem services for
the overall beneyt of society.

Investing in Climate Smart Infrastructure and Technologies. In many areas, climate change is likely
result in increases in the frequency of extreme events T droughts and poods. Investment in water management
infrastructure and technology to support improved management of droughts poods will be essential. Such
investment should focus on the establishment of early warning systems, the rehabilitation of degraded
catchment facilities and water conservation e orts. In addition, water supply and sanitation infrastructure
may be damaged by pooding, leaving communities vulnerable to poor quality water or lack of drinking
water, and lack of functioning sanitation facilities. Thus pood-prooyng of water supply and sanitation
infrastructure should therefore be considered in vulnerable areas.
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internet and social media data streams (Hall, et al, 2014;Wang, et a;, 2018; Sit et al., 2019, UNESCO &
UN-Water 2020; and Weeser et al, 2021).

A particular challenge for management of transboundary waters are the complications associated with by
high levels of political instability and conpict. A key part of responding to the coming changes will be the
ability to learn from one another, to share information and experiences, including indigenous approaches
to water management, for the purpose of developing a body of African experience with and knowledge of
the impacts of climate change. Another challenge is posed by the lack of models based on scientiycally
sound information to predict the impact of climate change at the local level. To achieve this goal increased
investments in the science of climate change, including understanding its impacts, its trends and its
adaptation and remediation methods will be required. One option for achieving this goal would entail the
creation of African climate change centers of excellence that would be geared at developing capacity and
expertise of Africans to tackle challenges related to climate change. In addition it would be important to
build local capacity to monitor water quality, collect data and identify good water management approaches,
reinforce traditional adaptation mechanisms and provide early warning systems for local communities.

Working at Different Scales. There is a range of di erent water allocation systems across Africa, with
many parallel formal and customary systems working at di erent scales. It is important that they are
su ciently pexible to enable water allocation adjustments to climate variability while respecting national
development objectives. These systems need also to be su ciently simple to be e ectively implemented
and managed within existing capacity constraints.

In the case of transboundary lakes, basins and aquifers, it is particularly important that important that
e ective transboundary water allocation systems are put in place, supported by accurate, shared data on the
status of each source. While some basins have transboundary agreements a large number of basins do not.
Even when they do there is often a lack of or institutional capacity at the national or transboundary level to
implement and policies that optimize the sharing of water resources.

There is an urgent need to strengthen institutional structures at continental and regional scales for ground
water sources that are often neglected even at local scales. This is particularly important when considering
development opportunities as climate change is a key driver for expanding regional integration across the
continent. In addition, regional integration should be focused more broadly than simply on the water sector.
This will aid in the full development of regional public goods, such as transport infrastructure, markets,
regional power pools, trade arrangements, and food security responses that can provide substantial beneyts
in building regional and local resilience to climate change (FAO, 2018).

At the sub-basin or local level there are a range of water allocation systems operating in Africa and it
is important that these systems are su ciently pexible so that adjustments in allocations can be made to
manage climatic variability and change. It is also critical that all stakeholders are involved in the water
resource management process thereby ensuring that there is full support for the approaches taken. The
involvement of stakeholders should also ensure that responses to emerging circumstances are timely,
adaptive and optimal. However, the key challenge lies in building the adaptive capacity of such institutions
as an e ective response to climate change will enable innovation at all levels and creation of pexible and
responsive water management systems. Flexible allocation systems that allow changes in water use to
adjust to short-term climate variability and longer-term climate change are of critical importance (Claussen
etal., 2003).
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