Towards a Worldwide Assessment

of Freshwater Quality
A UN-Water Analytical Brief

Toy

e =
VAW

mATER




Published by UN-Water, November 2016.

Content

Executive Summary

1. Introduction

1.1 Background and purpose of the Analytical Brief
1.2 Assessment questions

1.3 Main components of a global assessment

2. Water quality across the 2030 Agenda for Sustainable Development

2.1 Water quality and public health
2.2 Water quality and economic activities, including food production

2.3 Water quality, biodiversity, and other ecosystem services

3. Objectives and strategic approach of assessment

3.1 Proposed objectives of the global assessment
3.2 Overall output of the assessment

3.3 Policymaker and stakeholder engagement

3.4 The DPSIR approach

3.5 Two spatial scales

mATER

10

12
13
15

16

16
16
17
17
17



4. Component 1: Baseline assessment

4.1 Objectives
4.2 Approach

5. Component 2: Scenario analysis

5.1 Objectives
5.2 Approach

6. Component 3: Analysis of mitigation options

6.1 Objectives
6.2 Approach

7. Component 4: Analysis of governance approaches

7.1 Objectives
7.2 Approach

8. Organizing the assessment: maximizing success
9. Conclusions
10. Acknowledgements

11. References

18

18
19

24

24
25

28

28
28

30

30
30

32

34

35

36



"

Key Messages

More data are urgently needed in
order to better understand the world's
water quality challenge, which is
affecting key freshwater ecosystem
services such as drinking water,
health, biodiversity and food security.
A worldwide water quality assessment
would provide policymakers and
other stakeholders with information
they need in order to make informed
decisions to address this issue.
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Executive
summary

The world is facing a water quality challenge. Serious and increasing
pollution of fresh water in both developing and developed countries
poses a growing risk to public health, food security, biodiversity and
other ecosystem services. Pollution is strongly linked to economic
development — with population growth and the expansion of agriculture,
industry and energy production all in turn producing wastewater, much
of which goes into surface and groundwater bodies uncontrolled or
untreated. Despite recent preliminary assessments of the current
worldwide water quality situation, the magnitude of the challenge is

still unknown. Better information is required on where the issues lie and
what is needed to effectively and efficiently take action to protect and
improve water quality.

Poor data availability makes it challenging to develop a global water
quality assessment, despite the urgent need to better understand the
state and drivers of water quality around the world.



This Analytical Brief provides information about past assessments,

outlines the challenge but also provides a plan for a world water quality
assessment, which, if undertaken, would provide decision makers with
the information they need to address this challenge. The Analytical
Brief also explores the strong linkages between water quality and the
Sustainable Development Goals (SDGs). SDG 6, “Ensure availability
and sustainable management of water and sanitation for all," includes
a specific target (6.3) dedicated to water quality. Central questions
include: ‘how can the water quality target be achieved?; ‘How will
worsening water pollution affect SDGs for health, food security, and
biodiversity, among others?’; Or, conversely, ‘how can actions to protect
and enhance water quality help meet other SDGs?".

The global assessment outlined in this Analytical Brief is proposed to
have four major interconnected components: (1) a baseline assessment
of the state of water quality worldwide to provide an understanding of

the relative condition of surface water bodies in different parts of the
world and to identify hot spot areas of water pollution; (2) a scenario
analysis of water quality trends to identify the factors worsening
water quality, such as economic growth and climate change; (3) an
analysis of mitigation options to identify the different options available
to developing and developed countries for avoiding further water
quality deterioration or for improving water quality; and (4) an analysis
of governance approaches that are most appropriate and effective

in different locations to encourage good water quality management
including the monitoring and reporting of SDG 6.

The outputs of such a global assessment would include new and
important data, policy-relevant information and co-designed knowledge
for policymakers and stakeholders at different levels to cope with

the global water quality challenge (e. g. UN institutions, national
governments, river basin authorities, and citizens).
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The Snapshot of the World's Water
Quality (UNEP 2016), though only
intended as a rapid preliminary
assessment, already reveals a worrying

level of pathogenic and organic pollution

as well as salinity in many rivers in

Latin America, Africa and Asia.

1. Introduction

1.1. Background and purpose of the Analytical Brief

Due to increased societal attention and political action, pollution
reduction, cleaner production and changing consumption patterns

over the last decades have seen an observable improvement in the
quality of many of the developed world's surface water bodies and to

a lesser extent groundwater (EEA 2015). But particularly in developing
countries, such as those in Latin America, Africa, and Asia, economic
and demographic changes have been triggering an increase in water
pollution, posing a risk to public health, food security, biodiversity,

and other ecosystem services. Major pollutants include nutrients,
pathogens, heavy metals, organic pollutants and micro-pollutants found
in wastes and wastewater from humans and economic activities such
as agriculture, industry, mining, and other sectors such as pharmacy.
Indeed untreated wastewater is one of the biggest sources of water
pollution. By some estimates, up to 90% of wastewater globally gets
dumped into water bodies untreated (UNEP, UN-Habitat 2070). Data and
baselines, however, are noticeably absent.

Many of these drivers, trends, challenges and impacts were outlined

in previous UN-Water publications, including a water quality Policy

Brief (UN-Water 2011) and another Analytical Brief on Wastewater
Management (UN-Water 2015). “Emerging contaminants” present

new water quality challenges, as new materials and chemicals, and
harmful micro-pollutants from pharmaceuticals, for example, can

harm the health of both humans and ecosystems, including freshwater
biodiversity (Millennium Ecosystem Assessment, 2005)." Eutrophication,
the over-fertilization of water bodies, is of particular concern for
freshwater bodies and their ability to provide ecosystem services,
including drinking water and support to biodiversity (OECD 2012).
Meanwhile, climate change has taken on global dimensions and

affects water quality in various ways (e. g. increasing pollution from

city surfaces, and altering the dilution capacities of rivers). All together,
these amount to a new “global water quality challenge” which requires a
response from the international community as well as decision-makers
at all levels.
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Some aspects of the global water quality challenge were articulated

in a recent report, Snapshot of the World's Water Quality, published by
UN Environment (UNEP) with the support of UN-Water (UNEP, 2016).
The Snapshot presents a rapid, preliminary assessment of the current
water quality situation, in particular in rivers and in developing countries.
It also proposes a methodological framework for further assessment,
and identifies major data and knowledge gaps. Main messages of the
report are given in Box 2-1. Among its important findings are the sources,
extent, and impacts of salinity, organic and pathogenic pollution.

To confront the challenge portrayed in the Snapshot report and
elsewhere we urgently need to understand the many dimensions of the
worldwide water quality situation. But the latest full global water quality
assessment was published back in 1989 (Meybeck et al. 1989) and
since then the world has greatly changed. There are now over 2 billion
more people in the world, and in developing regions many more sewers
and industrial waste discharges with inadequate wastewater treatment
have been built up. As a result, between 1990 and 2010 pathogen and
organic pollution has increased in about two-thirds of all river reaches in
Latin America, Africa and Asia (UNEP 2016).

While the Snapshot report provided a useful overview of the water
quality situation it was only a first step in an urgently needed detailed
assessment. A detailed assessment calls for better data; an expanded

Three
ecosy.
imminent danger of extinction

The deterioration in water quality re from eut on s

losses in

and Southern Africa (OECD,

number of water quality parameters; an outlook of future water quality
under climate change and especially socio-economic changes;

an analysis of the link between water pollution and its threat to public

health, inland fisheries, and other ecosystem services; and a review of
the technical and governance options for addressing water pollution.

The purpose of this Analytical Brief is therefore to present the need and
a potential outline for a full worldwide water quality assessment.
It presents:

+ The background and context of the proposed assessment,
especially how it relates to the 2030 Agenda for Sustainable
Development.

The current challenges for a global assessment and how these
could be overcome (e.g. improving capacity and resources for
water quality monitoring at the national level)

+ The guiding questions and objectives of the assessment

+ A strategic approach to the assessment

- A sketch of the four components of the assessment, together

with advantages and disadvantages of different methodological
approaches within these components

Taken as a whole, the report gives a "road-map" for initiating a
worldwide water quality assessment.







1.2. Assessment questions

An assessment of the worldwide water quality situation is needed
to address many different important questions. Here is a set of core
questions:

+ What is the water quality situation in different parts of
the world considering the targets for water quality in the
Sustainable Development Goals (SDGs)?

+ What are the linkages between water quality and SDGs for
health, food security, and biodiversity, among others?

+ What is the water quality situation in different parts of the
world with regards to different water quality parameters?

+ What is the trend of water quality, and what are the main
drivers of these trends?

+ For a particular location, what is the relationship between
pressures, impacts, and responses to water quality
degradation?

+ What are the various alternatives for technical measures
or management strategies to protect good water quality or
reduce water pollution?

+ What is the role of governance in maintaining or restoring
water quality?

Interaction between scientists, policymakers, stakeholders

BASELINE SCENARIO

ASSESSMENT ANALYSIS

State of water |

quality

Technical
measures &

management
approaches

| Trends over

next decades

GOVERNANCE
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1.3. Main components of a global assessment

To deal with the above questions, an assessment structure with four
major interacting components is proposed (Figure 2-1):

1. Abaseline assessment of the state of water quality to

provide an understanding of the relative condition of water
quality in different parts of the world and to pinpoint hot spot
areas requiring particular attention. This baseline assessment
would fill in the gaps in knowledge identified in the Snapshot
report.

. A scenario analysis of water quality trends to identify

dynamic trends over the next 10 to 50 years in water quality,
in particular for locations of worsening water quality and

of particular importance for social, economic or ecological
reasons. To ascertain the impact of climate change and other
changing driving forces on water quality.

. An assessment and analysis of mitigation options available

to developing and developed countries for avoiding further
water quality deterioration or for improving the water quality
of surface and groundwater. This would involve examining
both technical measures and management approaches.

. An assessment and analysis of governance approaches

to identify the options for governance — legal, economic,
behavioral, technological, or cognitive — that are most
appropriate and effective at different locations to encourage
good water quality management.

Figure 1-1. Components of a worldwide water quality assessment.

The arrows symbolize that information and knowledge would be exchanged
between all four components of the assessment.

Snapshot of the World's Water Quality (UNEPR, 2016)
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GLEANWATER
AND SANITATION

Water quality is a prerequisite for
sustainable water and sanitation in
Sustainable Development Goal (SDG) 6,
but it is also essential for many other
SDGs such as those related to health, food

security and biodiversity, among others.

2. Water quality
ACross the
2030 Agenda
for Sustanable
Development

The Sustainable Development Goals (SDGs) in the 2030 Agenda for
Sustainable Development are especially significant because they
represent an international agreement on the priorities for sustainable
development for the next decade and a half. The commitments UN Member
States have made to Agenda 2030 carry important implications for
monitoring and reporting, including for targets related to water quality
and wastewater management.i Accordingly, they are likely to have a
decisive influence on all aspects of international and national policies
regarding the environment, including those concerned with water
quality. It is sensible, then, to make the SDGs a major cross-cutting
theme of a worldwide water quality assessment. Under the “water and
sanitation goal" of the SDGs (SDG 6, “Ensure availability and sustainable
management of water and sanitation for all"), Target 6.3 says explicitly:

“By 2030, improve water quality by reducing pollution, eliminating
dumping and minimizing release of hazardous chemicals and materials,
halving the proportion of untreated wastewater and substantially

increasing recycling and safe reuse globally™"

In connection with this target, two indicators have been proposed for
global monitoring and reporting purposes: indicator 6.3.1, “Percentage
of wastewater safely treated,” and 6.3.2, "Percentage of bodies of
water with good ambient water quality.”" A worldwide water quality
assessment would help countries in their monitoring and reporting
efforts towards this target and should therefore assess if/how the
aim to “improve water quality” by 2030 will be achieved under various
scenarios mentioned in the target such as by reducing pollution and
minimizing the release of hazardous chemicals. Such an assessment
should include the two global SDG indicators adopted by the
international community to track the SDG water quality target, including
the one related to wastewater. It should, for example, explore how the

it For more information on integrated water-related monitoring and reporting in the Agenda 2030, see http.//www.unwater.org/gemi/en/.

v See the 2030 Agenda for Sustainable Development, https://sustainabledevelopment.un.org/post2015/transformingourworld,

v See report of the Inter-agency and Expert Group on SDG Indicators (IAEG-SDGs) to the 47th session of the UN Statistical Commission, March 2016:

http://unstats.un.org/unsd/statcom/47th-session/documents/2016-2-SDGs-Rev1-E.pdf.



wastewater target can be achieved under various
technical options, identify barriers to the adoption
of these options, and how these barriers can be
overcome under various governance options.

In addition to the specific SDG target for water
quality, it is clear that the future state of water
quality will also have a profound influence on other
SDGs. A recent UN-Water publication, “Water and
sanitation interlinkages across the 2030 Agenda
for Sustainable Development,” documents the
reinforcing interlinkages between SDG 6, including
the water quality target 6.3, and the other SDGs
(UN-Water 2016). For water quality, these include
connections to targets related to increasing access
to public services (SDGs 1 and 11), ending hunger
(SDG 2), improving health (SDG 3), increasing
access to energy (SDG 7), promoting sustainable
tourism and industrialization (SDGs 8 and 9), and
reducing marine pollution (SDG 14). Figure 3-1
depicts some of these connections.

A useful guide for countries to understand the
various water quality requirements and regulations
for different uses, such as domestic, recreational,
industry and agriculture, see the recently published
Compendium of Water Quality Frameworks: Which
Water for Which Use? (UN-Water 2015).
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Figure 2-1

Goals. From UNEP 2016, Snapshot

Linkages of water quality with selected Sustainable Development



2.1. Water quality and public health

Targets 3.9 and 12.4 of the SDGs specifically aim to reduce water
pollutants and other pollutants in order to minimize their impacts on
human health and the environment:

3.9: By 2030, substantially reduce the number of deaths and
illnesses from hazardous chemicals and air, water, and soil
pollution and contamination

12.4 By 2020, achieve the environmentally sound
management of chemicals and all wastes throughout their life
cycle, in accordance with agreed international frameworks,
and significantly reduce their release to air, water and soil in
order to minimize their adverse impacts on human health and
the environment

Poor water quality can have many different impacts on human health.
The WHO/UNICEF Joint Monitoring Programme for Drinking Water
and Sanitation (JMP) monitors access to safely managed water and
sanitation services under the SDGs (wssinfo.org) and WHO publishes
periodic updates to the global burden of disease for diarrhea and
other water and sanitation related diseases such as soil transmitted
helminths and schistosomiasis attributable to unsafe drinking water,
lack of sanitation and poor hygiene (WHO 2016). The Snapshot report
assessed the risk of water-borne diseases from contamination of
faecal coliforms in locations where people come into direct contact
with polluted water in lakes, rivers and other surface water bodies.
Particularly affected are the poor in rural areas of developing countries
who often use surface water for washing clothes, for retrieving
cooking water, or for bathing. In places where contaminated surface
or groundwater or wastewater are used for irrigation purposes,
additional risks exist for both humans and ecosystems. These include,
for humans, health risks due to exposure to a variety of pollutants
such as salts, metals, metalloids, pathogens, residual drugs, organic
compounds, endocrine disruptor compounds and active residues of
personal care products that may be found in the water, and is a risk
for those who grow, sell, or prepare produce. Risks to the environment
involve pollution of soil and groundwater, including salinization,

which in turn has implications for biological diversity (FAQ, 2011). In
particular, nutrients such as phosphorus and nitrogen, commonly
found in fertilizers, contribute to the deterioration in water quality due
to eutrophication, a major cause of reduction in biodiversity worldwide
(OECD 2012).

Very preliminary estimates from the Snapshot report are that up to
300 million rural people in developing countries may be at particular
health risk from contact with polluted waters. A worldwide water
quality assessment should assess this important issue and elaborate
the following:

+ The level of bacterial and other pathogen pollution in rivers
and lakes, especially in developing countries. This was done
in a preliminary way using model estimates in the Snapshot
report, but a worldwide assessment needs in-stream
measurements to confirm these estimates

The population at risk of being exposed to contamination of
rivers, lakes, and other surface fresh water bodies through
bathing, washing clothes, collecting water for household
purposes, irrigation, and through other activities which bring
people into contact with water. Again, the Snapshot report
made only very preliminary estimates of this population.

The amount of hormones, heavy metals, and other harmful
substances in rivers and lakes, in both developing and
developed countries, and the public health risk posed by the
occurrence of these substances.

+ The additional costs for drinking water treatment of
contaminated surface and groundwater sources.



2.2. Water quality and economic activities, including food production

Food and water are inextricably linked. It is well known that the
majority of the world's fresh water withdrawn from rivers and aquifers
(nearly 70 per cent) is used for agriculture. Demand for food is only
set to increase with rising population growth and urbanization, which
in turn puts additional pressure on freshwater resources — the Food
and Agriculture Organization estimates that food production must
increase by 70 per cent by 2050 to meet demand (FAO 2009). Yet

the importance of the quality of the water used for irrigation is less
understood. Acknowledging this is crucial as more and more farmers,
especially in the urban and peri-urban areas of arid or semi-arid
regions, rely on using untreated wastewater to grow their food, which
can have implications for human and ecosystem health (IWMI 2004).

Most studies of future global food requirements assume that

a substantial fraction of world food production will come from
irrigated cropping areas (Mauser et al. 2015). It is also expected that
supplemental irrigation will be used more often in rainfed cropping
areas because of increasing air temperatures and possibly lower
precipitation rates related to climate change (Mauser et al. 2015).

In the Snapshot report important first steps were made in estimating
current river salinity levels and their suitability as a source for
irrigation in developing countries. It was estimated that salinity levels
in about one-tenth of all river reaches in Latin America, Africa, and
Asia are already at or above the level of “increasing restriction" for
use in irrigation. No assessment, however, was made of the quality of
groundwater available for irrigation.

A worldwide water quality assessment should build on this important
information and compare water quality from rivers, lakes and
groundwater to the local and regional needs for irrigation water. Based
on these data reliable estimates should be made of the locations

where irrigated food production could be limited because of poor
water quality.

Aquaculture and freshwater fisheries are an important source of
animal protein in the diet of people, especially in developing countries.
Globally, inland fishery is the sixth most important source of animal
protein, and in some low income countries such as Bangladesh and
Cambodia, more than half the animal protein produced comes from
freshwater fishery (FAO 2009). Yet the degradation of biodiversity of
freshwater ecosystems has particularly dire consequences for fish:

it has been estimated that already more than 40% of freshwater fish
species in the United States and Europe were in imminent danger of
extinction (Millennium Ecosystem Assessment 2005).

Therefore the sustainable production of freshwater fisheries is
particularly relevant for achieving food security (SDG 2), especially
Targets 2.1 and 2.2:

2.1 "By 2030, end hunger and ensure access by all people, in
particular the poor and people in vulnerable situations ...", and
2.2 "By 2030, end all forms of malnutrition ...."

It is clear that achieving SDG 2 will depend to an extent on sustaining
productive freshwater fisheries. But this production is now threatened
by many factors including overfishing, destruction of habitat, and
water pollution. One type of pollution particularly threatening to
freshwater fisheries is organic pollution which occurs when an
excess of easily biodegradable wastes, for example nutrients such as
phosphorus, nitrogen and potassium from agricultural run-off, enter
rivers and lakes. Eutrophication, the over-fertilization of water bodies,
is of particular concern as decreased oxygen levels lowers their ability
to provide ecosystem services, including drinking water and support



to biodiversity (OECD, 2012). As noted previously, the Snapshot report
estimated that one in seven kilometers of river stretches in Latin
America, Africa and Asia are affected by severe organic pollution, and
that this type of pollution has increased between 1990 and 2010 in
around two-thirds of all river stretches on these continents. The report
also presented a methodology for a worldwide assessment that can
be used for linking pollution levels with risk to freshwater fisheries and
food security (Box 3-1).

In a worldwide water quality assessment the following analyses are needed:

« Estimates of organic pollution, eutrophication, endocrine
disruptors, and toxic pollutants in worldwide rivers and lakes
that pose a possible threat to freshwater fisheries.

+ Estimates of the dependence of human populations on fish
consumption and a matching of water quality indicators in
rivers and lakes.

+ Estimates of locations where freshwater fisheries are under
greatest risk from water pollution, especially in developing
countries which most depend on them for food.

- Estimates of the economic value of inland fisheries and their
contribution to employment should also be compiled.

With regards to industrial water use, the Snapshot report provided

new information on the salinity contamination of rivers in developing
countries which is a valuable indicator of the suitability of water for
industrial and energy production uses. Building on this information,

a worldwide water quality assessment should estimate locations
where salinity and other water contaminants may limit the use of rivers
and lakes for industrial water supply.

With regards to recreational use, many countries are concerned about
protecting their rivers and lakes as important sources for recreational
boating, bathing, fishing, and other free time activities. In a worldwide
water quality assessment, estimates should be made of where poor
water quality may interfere with the use of fresh waters for recreation.
Not only bacterial contamination should be taken into account, but
also the presence of trace toxic substances. This should also be linked
to the activities regarding pathogen pollution referred to in Section 3.1.



2.3. Water quality, biodiversity, and other ecosystem services

Besides its relevance to public health and food security, good water
quality is also needed to ensure the health of freshwater ecosystems,
the adequacy of water supply for industry, and the availability of
surface waters for recreation.

From the biodiversity perspective, Target 15.1 of the SDGs sets out a
target for protecting freshwater ecosystems by specifying that states
should...

“ .. ensure the conservation, restoration and
sustainable use of terrestrial and inland freshwater
ecosystems and their services ...".

Accordingly, a worldwide water quality assessment should estimate
where poor water quality poses a risk to freshwater ecosystems and
their services in all countries. These estimates should be coordinated
with the studies of the impact of water pollution on public health
described in Section 2.1.

O Inland fisheries relevance Water quality relevance o
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® National dietary intake of inland captured
fishery yields
o National inland fisheries catch trends
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The worldwide water quality assessment

would be a global environmental

assessment in that it will be a science-
based process that encourages the full

engagement of the scientific community.

3. Objectives and
strategic approach
of assessment

3.1. Proposed objectives of the global assessment

Considering the particularly important context of the SDGs, the goals of
a worldwide water quality assessment are proposed to be:

« To review the state of water quality of the world's freshwater
system, especially with respect to the Sustainable Development
goals for public health, food security, biodiversity, and societal
uses of fresh water;

+ To identify the freshwater areas most under threat from water
pollution, now and over the coming decades;

+ To identify technical options that can be replicated, transferred
and scaled-up to effectively protect or restore water quality in
countries of contrasting conditions;

+ To raise awareness of water quality degradation and the
importance of halting and reversing this trend for local and
national sustainable development;

+ To increase the capacity of developing countries to better
assess the situation and effectively protect or restore the water
quality of their surface and ground waters.

+ To increase water quality monitoring and reporting capacity.

3.2. Overall output of the assessment

Such an Assessment could be a key step in helping policymakers,
stakeholders, and scientists better understand the extent and type of
water quality problems around the world. It would ...

+ be a major awareness-raising exercise and increase capacity
around the world to cope with the water quality challenge;

- provide information about policy options for protecting or
restoring water quality so that water systems can better provide
services to society such of food production and water supply;

+ provide critical input for the 2030 Agenda for Sustainable
Development, for monitoring and reporting on the SDGs and for
other important international activities.



3.3. Policymaker and stakeholder engagement

The worldwide water quality assessment would be a global
environmental assessment in that it will be a science-based process
that encourages the full engagement of the scientific community. Also
consistent with the definition of a global environmental assessment,

it will engage the ultimate users of its results — policymakers and
stakeholders — during all of its phases, from its planning through to its
execution and the distribution of results.

3.4. The DPSIR approach

To assess the world water quality situation, it is proposed to use the
“DPSIR" conceptual framework (Figure 4-1). This framework divides
different aspects of a system into linked “drivers” (D), “pressures”

(P), "states” (S), impacts" (I) and “responses” (R). “Drivers" are the
underlying factors influencing changes in water quality including
changes in population density and distribution. “Pressures" are factors
that lead to a direct change in water quality such as increasing domestic
wastewater or urban runoff. “State" refers to spatial and temporal
aspects of the state of water quality. "Impacts” are the consequences
of water pollution, such as on public health and freshwater ecosystem
services, while “Response" refers to options that society has to respond
to the impacts of water pollution. This framework will be used to
structure information in the assessment.

DRIVERS PRESSURE

Demographic change Domestic wastewater

Aspirations for increased Urban runoff
wellbeing
® Safe household water supply
e Water for industry
& agriculture

Industrial wastewater

Agricultural runoff

RESPONSE

Reduce source of

pollution Reduce discharge

: : of pollution
Through sustainable consumption

& production, e.g. e Conventional wastewater

treatment
o "Ecological” wastewater treatment
® Wastewater reuse
® Runoff buffers

® Use fewer chemical products
in household

e"Cleaner” industrial production
e Sustainable agriculture

3.5. Two spatial scales

While acknowledging the importance of being able to aggregate data at
the national level, it is proposed that an assessment could be carried out
on two spatial scales:

The global scale — The special added value of the worldwide water
quality assessment will be its global/international perspective. It will
provide an overview of the state and trends of water quality in different
regions and identify particular "hot spot" areas of water pollution.

The global analyses of mitigation options and governance options will
review best practice experience and innovative approaches from around
the world with the aim to present the latest international thinking on
mitigation and governance with regards to managing water pollution.

The river basin scale — A disadvantage of the global scale is the risk
of presenting results that are too aggregated or abstract for use by
many policymakers and stakeholders. For that reason, the global
scale analysis will be carried out in parallel to an analysis of several
case study river basins in different world regions. The analysis and
comparison of river basins in different parts of the world will provide
fine grain information (intensity of water pollution, sources of water
pollution, experience with technical options and governance) not
available from the global analysis. Data from river basins will also
provide a “ground-truthing” of the global analysis. An additional
advantage is that it will engage a wider network of experts and
stakeholders from around the world in the assessment.

STATE The Snapshot report was a test
case in assessing water quality
at two different spatial two scales
— analyses were carried out for
three continents and for eight
case study river basins. It was
found that results at these two
scales complimented each other
well. For example, the continental
analysis was useful for assessing
the spatial extent of water quality
problems, while the case studies
yielded many findings on the
governance aspects of managing
water quality.

Degradation of water quality
(hot spot areas)

Dissolved oxygen,
bacteria and pathogens, chemicals,
nutrients...

\MPACT

Risk of health

® Contact with water
for wasting & bathing
e Water supply for poor households

Impact on fre shwater
ecosystem services

e Food, livelihoods, water supply
purification, biodiversity,
recreation, cultural
values

Figure 3-1 The DPSIR framework proposed for the worldwide water quality assessment. From UNEP 2016, Snapshot.



Although priority will be given to surface

water, data on groundwater quality will

also be compiled.

4. Component
Baseline
assessment

4.1. Objectives

The first major component of the proposed worldwide water quality
assessment could be a baseline assessment of water quality in surface
water bodies around the world (Figure 2-1), which could feed into
integrated global monitoring for water and sanitation in Agenda 2030
(see www.unwater.org/gemi). Although priority will be given to surface
water, data on groundwater quality will also be compiled. The objectives
of the baseline assessment are:

+ To assess the relative condition of freshwater systems in
different parts of the world.

+ To identify hot spot areas with regards to water pollution that
should be given special attention.

+ To link levels of water pollution with SDG-related issues such
as health, food security and biodiversity (See Section 3).

+ To identify the main pressures and drivers of high water
pollution levels at different locations.

The output of this part of the assessment would be coherent databases,
useful data products, maps and tables showing the level of water
quality according to different parameters and the relative level of water
pollution. These data will be presented for at least a ten year period.

An explicit linkage would be made between water quality levels and

the SDGs for health (risk of contact with contaminated surface water),
food security (state of inland fisheries, and quality of potential irrigation
water supply), biodiversity (state of inland fisheries and other freshwater
ecosystem indicators), and other ecosystem services (quality of water
supply for industry).

The baseline data from this component could be used as a starting
point for the scenarios in Component 2 (Scenario Analysis), inform

the SDG baseline for target 6.3.2 on ambient water quality, to evaluate
appropriate mitigation measures in Component 3 (Mitigation Analysis),
and governance approaches in Component 4 (Governance Analysis).
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The Snapshot report confirmed that "data are essential for developing,
monitoring and evaluating water resources management strategies”
and made important first steps in understanding baseline water quality
by analysing existing GEMS/Water and other data. It also concluded
that the GEMStat database of the UN GEMS/Water programme is a
suitable platform for assembling global water quality data and it could
be linked with other global databases (e. g. AQUASTAT). But it also
found that the current data holdings of GEMS/Water are too sparse
spatially and temporally for a global assessment. As compared to a
typical monitoring programme (EEA 2014) which has around 1.5 to

4 stations per 10,000 km2, the densities of stations in the GEMStat
data base (Figure 5-1) are very low: 71 out of the 110 river basins with
data have a density of 0.5 stations per 10,000 km? or less, and only 57
countries report data in the time period of 1990 to 2010. The average
density for the Latin American continent is 0.3 stations per 10,000
km?2, for Africa 0.02 stations per 10,000 km?, and for Asia 0.08 stations
per 10,000 km? during the time period between 1990 and 2010 (UNER,
2016). A very high priority, therefore, for a worldwide assessment is to
acquire enough quality assured data to achieve a satisfactory temporal
and spatial coverage. The definition of “satisfactory coverage" will
have to be agreed upon by experts at the outset of the assessment,
but it is likely to depend on expected spatial and temporal distribution
of pollutants, the variation of different hydrological conditions, the
intensity of wastewater loadings, and other factors. The hot spot areas
of pollution identified in the Snapshot report could be used as input in
deciding where to expand monitoring efforts.

Because of the Snapshot's limited scope only a small number of
parameters were analysed and in a limited geographic area (continents
with developing countries). In a worldwide water quality assessment, a
much more comprehensive range of water quality parameters serving
as core set of indicators in the DPSIR framework should be analysed,
with coverage from both developing and developed countries, and
including rivers, lakes, and groundwater.

Figure 4-1. Temporal coverage (grey shading) and station density (size of circles) of
GEMStat data. From UNEP (2016). Original data source GEMStat (2014)

4.2. Approach

What should be the source of data for a comprehensive worldwide
baseline assessment? The Snapshot report makes the following
recommendations:

a) Incorporating existing national and regional monitoring data into
current global data sets.

Following technological advancements and legal obligations (such as
the EU Water Framework Directive from 2000), an increasing number
of countries are providing their monitoring data publicly and online.
One best-practice example is the Water Information System of Europe
(WISE) established in 2007, which provides a web-portal entry to water
related information ranging from inland to marine waters for all EU
institutions as well as Member States, national, regional and local
administrations, professionals working in the water field from public or
private organisations and the general public.

However, these information systems are limited to developed countries
and most of these countries have elaborated their own data exchange
formats and access methods that complicate transfer of data into
GEMStat. In order to promote the interoperability of data internationally,
members of the joint WMO/OGC Hydrology Domain Working Group are
standardising open data exchange formats and web services such as
WaterML2 and Sensor Observation Services. These steps would lay the
foundation for a globally distributed water resources information system
that can be used in a worldwide baseline assessment. GEMS/Water

is not only aiming to support the standardisation process, but also to
implement these standardised formats and services at the national and
sub-national scale to enhance data flows.
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b) Retrieving existing data through a network of national focal points

The current GEMS/Water networking and data collection strategy is
based on the network of National Focal Points (NFPs), which have the
responsibility to facilitate the data flow between GEMS and national
states. However, frequent personnel changes at the NFPs hamper
communication and data flows. One approach to overcome this barrier
is to set up national fresh water monitoring working groups including
governmental and scientific representatives who provide a link between
national monitoring activities and regional and global assessment
programs. On the regional level, newly established GEMS/Water regional
hubs (as recently set up in Brazil) can support the maintenance and
extension of the Global Monitoring Network and increase the exchange
of data.

A complementary activity would be the “"Water Solutions Laboratory
Network" that is currently established under the “Sustainable Water
Future Programme” under "Future Earth”, an international research hub
driving global environmental change research.

c) Retrieving data from new water quality surveys including citizen
science projects

New water quality surveys may be initiated as joint country or
basin-wide sampling campaigns (for example, as one-time surveys

at selected sensitive locations using standardized water quality
methods). These surveys can be combined with data from remote
sensing platforms and models (see following sections) to close critical
knowledge gaps.

Another consideration is “citizen science”, which is the participation
and collaboration of private citizens, students or other non-professional
individuals and organizations in scientific research. Though not without
its downsides, such as the potential for biased reporting and the need
to verify data, it is a promising option to retrieve new water quality

data. Through citizen science, people share and contribute to sampling
and data gathering in data collection programmes. Collaboration in
citizen science involves scientists and researchers who develop and
coordinate the programme and unpaid volunteers such as students,
amateur scientists, or teachers including school networks. Examples of
successful initiatives are shown in Box 5-1.



d) Deriving data through remote sensing

Another solution to the urgent global data gap is to derive water quality
information from remote sensing products. Satellite sensors potentially
offer reproducible and globally consistent Earth observation data with
a high scientific standard. Therefore, remote sensing can provide

data where it is otherwise too expensive to monitor water quality or

at locations that are remote. Remote sensing can provide estimates
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of some water quality parameters at spatial scales and temporal
resolutions that exceed those of ground-based monitoring stations by
several orders of magnitude. However, despite its many advantages, its
inherent limitations should also be kept in mind (Box 5-2). Therefore,
remote sensing should be considered only as one part of a multifaceted
strategy for monitoring water quality.
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e) Filling data gaps through modelling

In the absence of detailed measurements, the Snapshot report showed
that water quality modelling can be used to fill major gaps in the spatial
and temporal patterns of water quality and can provide a detailed
geographic overview of the water quality situation. Moreover, models
provide an indispensable method to relate levels of water pollution to
their underlying causes — including both immediate “pressures” such as
wastewater loadings, or underlying “drivers” such as population density
(See Section 4.4).

Models will be needed in any case in the Scenario Analysis component
of the assessment to compute future water quality under climate
change and other driving forces (See Section 6). Models will also be
used to investigate the water quality impact of different combinations
of technical measures and management approaches as part of the
Mitigation Options component.

Apart from their advantages, models also have the following
disadvantages: (1) model calculations are inherently uncertain

(e.g. 'garbage in garbage out', data quality, assumptions);

(2) models cover some but not all important water quality parameters
(lacking process knowledge regarding their environmental behaviour,
missing loading or in situ data); and (3) adequate measurements are
needed in any event to validate model calculations.

In the Snapshot report only one model (Voss et al. 2012) was used for
calculations, but in a full assessment an ensemble of models should
be used to enhance the robustness of results.

" UNEA Resolution 1/9 on 27 June 2014 “..emphasizes that the World Water Quality
Assessment Report, the water-related sustainable development goals and other
assessments on the state of freshwater resources at different geographic scales will require
timely, relevant and reliable data and information" and "...underlines the need to further
improve the global coverage and consistency of water quality data.”

Available at http.//www.unep.org/uneal/en/.
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f) Raising awareness on the need for water quality monitoring

As a final note, United Nations agencies and international partners
focusing on water quality issues can increase awareness of, and
advocate for, the importance of monitoring ambient water quality, and
thereby stimulate political and public willingness to fund and implement
water quality monitoring programs. Declarations such as Resolution
1/9 of the United Nations Environment Assembly on water quality data

exchange should help to further improve data."




24

Among the important findings of the
Snapshot report was that water pollution
and nutrient loading is increasing in a

considerable number of rivers and major

lakes in developing countries.

© E. Bernhardt

0. Component 2
Scenario analysis

5.1. Objectives

Among the important findings of the Snapshot report was that water
pollution and nutrient loading is increasing in a considerable number
of rivers and major lakes in developing countries. For example, it was
found that the levels of pathogen and organic pollution increased in
almost two-thirds of all river stretches in Latin America, Africa and Asia
between 1990 and 2070 (UNEP 2016). With such dynamic changes
going on, it is important to go beyond an assessment of current water
quality, and assess future water quality. To increase the robustness of
future forecasts, it is recommended to take a scenario approach, and
estimate a set of feasible scenarios of changing water quality under
different driving force assumptions.

Hence the second major component of the proposed worldwide water
quality assessment is proposed to be a scenario analysis of future
pathways of water quality in the freshwater system. The objectives of
the scenario analysis are:

+ To assess future water quality as a result of continuing
demographic and economic changes, such as population
growth, urbanization, industrial development and consumer
patterns, as well as environmental changes, such as in climate,
and other driving forces. To determine future hot spot areas of
water pollution.

+ To estimate the impact of future water pollution on health, food
security, biodiversity and other important freshwater ecosystem
services related to the achievement of the SDGs.

+ To identify the impact of different mitigation and governance
scenarios on protecting or improving water quality under
different economic scenarios.

The output of this part of the assessment will be scenarios in the

form of narratives and model output (e.g. maps, tables, data) that
illustrate worldwide trends in water quality over the next decades.

As in the baseline assessment, water quality in these scenarios will also
be directly linked to the SDGs for human health (risk of contact with
contaminated surface waters), food security (state of inland fisheries,
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5.2. Approach

As part of the Scenario Analysis two categories of scenarios could be
developed:

1) Business-as-usual scenarios. These scenarios would
estimate the future level of water pollution assuming no
expansion of current efforts to control sources of water
pollution. They provide policymakers and stakeholders with

a benchmark for the rivers and lakes at risk from worsening
water quality. Climate change and demographic and economic
changes would be taken into account in these scenarios.

2) Policy intervention. These scenarios would estimate future
levels of water pollution considering actions to mitigate water
pollution. This type of scenario could be used to provide
policymakers and stakeholders with information about the
relative effectiveness of different options to control water
pollution, and will be based on output from Components 3 and 4
(mitigation options and governance options) of the assessment.
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and quality of potential irrigation water supply), biodiversity (state The policy interventions to be investigated would be agreed

of inland fisheries and other indicators of the health of freshwater upon with policymakers and other stakeholders. Climate change
ecosystems), and other ecosystem services (quality of water supply and demographic and economic changes would also be taken
for industry). into account in these scenarios.

Baseline information for the scenarios will come from Component 1 The scenarios would have two time horizons: (i) 2030 to correspond
(Baseline Assessment), and input to the mitigation scenarios will come to the target year of most SDGs, and (ii) 2050 to take into account the

from Components 3 (Mitigation Analysis) and 4 (Governance Analysis). medium term effects of climate change and other factors.



The entire scenario exercise could be carried out as an interactive
process between experts, policymakers and other stakeholders using
the “Story and Simulation approach” (Box 6-1). This approach has
been used successfully to develop IPCC scenarios, in the Millennium

Ecosystem Assessment, and in other major assessments. It has

the advantage of fully engaging policymakers, stakeholders, and
scientists in developing the scenarios. It also yields consistent, rich, and
informative estimates of the future state of water quality for the given
scenarios. The disadvantages are the large technical effort required

to develop the scenarios, and the difficulties that arise in reconciling

the views of all the actors being involved.

The scenarios themselves would have both qualitative and quantitative
aspects.

+ Qualitative storylines could be developed by a Scenario Panel
made up of policymakers, stakeholders and experts.

+ Quantitative scenarios could be computed by modelling
teams using state-of-the-art water quality models. Models

are useful scientific tools for providing credible quantitative
estimates of future water quality under changing conditions.
As noted earlier, a suite of models (rather than a single model)
can be used for calculations in order to increase the robustness
of results.

The qualitative and quantitative scenarios would be reviewed and
harmonized by the various actors involved in the scenario exercise
(Box 6-1)



A scenario panel is organized consisting

of policymakers, other stakeholders (e. g.
business, civil society, local governments,
local users), and experts. Experts include
some of the scientists involved in the baseline

assessment running in parallel.

Likewise, a Scenario Team is organized
consisting of scientists versed in both
qualitative (storylines) and quantitative

(modelling) scenario methods.

At their first meeting, the Scenario Panel works
with the Scenario Team and agrees upon the
boundary conditions and parameters of the
scenarios to be developed, including general
demographic and economic conditions, time
horizon, spatial coverage and resolution, and
other characteristics. At this meeting the

first qualitative scenarios (“storylines") are
drafted. The Panel also identifies the type of
quantitative information, including modelling

data needed for the scenarios.

. Based on output from the scenario meeting

and other data, the Scenario Team derives a
consistent set of quantitative driving forces
(e.g. population data) for the model runs. These
driving forces are then used by the modelling
groups associated with the Scenario Team

to compute a first draft of the quantitative

scenarios of water quality.

At the second Scenario Panel meeting, the
Panel discusses the first modelling results
and revises the storylines accordingly. Further

modelling analyses are requested.

Step 3 is repeated.

At the third Scenario Panel meeting the Panel
reviews the new modelling results, and finalizes
the storylines of the scenarios and agrees on
the quantitative content of the scenarios, as
well as their main messages. (It is possible that
further iterations between the Scenario Panel,
Scenario Team and modelling groups may be

planned.)

Scenario estimates are documented and
distributed in the form of written and visual

materials.
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While Components 1 and 2 provide a

spatial and temporal overview of water

quality in the surface water bodies of the
world, Component 3 provides information

on how to protect or restore water quality.

b. Component &:
Analysis of
mitigation options

6.1. Objectives

While Components 1 and 2 provide a spatial and temporal overview of
water quality in the surface water bodies of the world, Component 3
provides information on how to protect or restore water quality.

The objective of this component would be to identify the different
mitigation options available to developing and developed countries

for avoiding further water quality deterioration or improving the water
quality of surface and groundwaters. These would include both technical
measures and management approaches as shown in Table 7-1.

Options would be matched to the water quality problems identified in
Components 1 and 2 of the assessment.

6.2. Approach

Among the main mitigation options identified in the Snapshot report
and earlier reports are: (i) pollution prevention, (ii) treatment of polluted
water, (iii) the safe use of wastewater and (iv) the restoration and
protection of ecosystems (Table 7-1). This categorization or a similar
categorization of options would be used in the proposed assessment.

Critical data for a wide range of mitigation options can be compiled

and evaluated including the type of water pollutants that are mitigated
by a particular option, the technical advantages and disadvantages

of different options, and the costs of their implementation. Table 7-1
from the Snapshot report gives an example of a simple analysis of
these factors for a selection of mitigation options. In the proposed
assessment all of these factors could be fully elaborated for each
mitigation option and for groups of countries. Both their technical

and economic potentials would be evaluated. Apart from established
strategies such as traditional wastewater treatment, there are innovative
new options included in Table 7-1, such as pollution prevention in
industry, constructed wetlands, modular wastewater treatment systems,
and conservation and maintenance of forested headwaters or river
corridors.



A “one size fits all" option will not work to solve the global water quality