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Foreword

The 17 Sustainable Development Goals (SDGs) and 169 targets of the universal 2030 Agenda offer a blueprint for a
sustainable and resilient future, where responsible management of our planet'’s finite resources can create a brighter
tomorrow for future generations. Global crises and conflicts, including the COVID-19 pandemic, the war in Ukraine,
exacerbating food, energy, humanitarian and refugee crises, and a full-fledged climate emergency make it ever more
important to redouble our efforts to implement this blueprint for building back a better world.

Today at the half-way point, the latest available data and estimates for 92 environment relevant SDG indicators tell us

that the world is not on track to achieve the environmental dimension of the SDGs by 2030. However, there is some

positive news. Global data availability increased to 59 per cent in 2022, from 34 per cent in 2018 and 42 per cent in

2020. And although only 38 per cent of the environment-related indicators indicate environmental improvement, this
is a solid improvement compared to only 28 per cent in 2020. Moreover, indicators of some Goals showed strong positive trends, including
SDG 9 on infrastructure, SDG 7 on energy, and SDG 6 on freshwater.

The integrated and indivisible nature of the SDGs reflect the interlinked nature of land- and water-based ecosystems, and the rich
biodiversity they support, which provides food, clean water and air, and raw materials that fuel economic growth, leading to prosperity

and human well-being. Achieving the SDGs, therefore, requires an integrated approach that recognizes how these challenges—and

their solutions—are interrelated. The third edition of the Measuring Progress report focuses on statistical methods to understand these
interlinkages through the prism of water ecosystems and the SDGs. In so doing, it provides insight into how freshwater- and marine-related
ecosystems are impacted by various drivers, pressures, and actions, through use of statistical analysis.

We hope that this report will encourage governments to strengthen further their statistical capacity in relation to the environment, incite
further work on developing disaggregated and ecosystem-relevant data and on promoting use of non-traditional data sources like big data
and citizen science. The all-sectoral approach encouraged by the SDGs, which Measuring Progress systematically explores would reinforce
synergies as much as minimize trade-offs for a more holistic realization of the 2030 Agenda. With every action we take or investment we
make in a sustainable future, we inch closer to the world we all want to see. With unwavering hope and determination, let us continue to
strive towards realizing the 2030 Agenda.

Jian Liu
Director, Early Warning and Assessment Division




Executive Summary

The United Nations Environment Programme’s (UNEP) Measuring
Progress series of reports provides an overview of the progress
made in data availability for the 92 environment-related Sustainable
Development Goal (SDG) indicators, coupled with improvement

or degradation in the trend of each indicator. It also explores

the potential and limitations of using statistical analysis to
demonstrate interlinkages between indicator pairs to better inform
policymakers of the synergies and trade-offs between SDGs.

The indicators are divided into four categories: (i) state of the
environment, (i) drivers of change, (iii) state of human well-being
and (iv) socioeconomic and environmental factors. This report
explores the use of multivariate statistical analysis using water-
related ecosystems (freshwater and marine) as an example of the
utility of this approach to explore how ecosystems are impacted by
drivers, pressures and actions at multiple scales.

Substantial improvement in global data availability

Global analysis of the progress of the 92 environment-related
SDG indicators demonstrates an improvement in data availability,
resulting from additional data being reported by countries leading
to the availability of sufficient data to aggregate at regional and
global levels. In 2022, the environment-related SDG indicators with
sufficient data to analyse were estimated at 59 per cent, up from
4?2 per cent in 2020 and 34 per cent in 2018. Indicators with more
data available are mostly found in SDG 6 on freshwater, SDG 7 on
energy, SDG 12 on sustainable consumption and production, SDG
13 on climate change, SDG 14 on life below water and SDG 15 on
life on land, with the most improvement in data availability reported
in the Latin America and Caribbean, Northern Africa, and Europe
regions.

Figure ES.1 Percentage of SDG environment-related indicators
with sufficient data for analysis of progress

100 -

59%

60 -

Data availability

2018 2020 2022

This major improvement in data availability results from a
sustained investment by countries in their national statistical
systems to collect and report data for SDG indicators as part of
their sustainable development programmes, supported by capacity
development efforts by custodian agencies.

The further development of methodologies that use new data
sources also contributes to improved data availability. Many
national statistical offices (NSOs) are already experimenting with
using big data in the production of official statistics. Currently,

the dominant big data types include Earth Observation (EO) data,
citizen science data and other sensor network data, combined with
advanced analytical techniques (e.g. machine learning, geospatial
modelling and geostatistical modelling).
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Figure ES.2 Environment-related SDG indicators data trend,
global level

Global

41%

No data or il Little change or
insufficient data a negative trend

Positive trend

Status of environment-related SDG indicators

In 2022, at the global level 38 per cent of the 92 environment-
related indicators showed positive change, indicating
environmental improvement, and 21 per cent showed little or
negative change. The most indicators showing positive trends
were those related to SDG 9 on infrastructure, SDG 7 on energy and
SDG 6 on freshwater.

The regions with the highest proportion of SDG environment-
related indicators showing environmental improvement are the
Latin America and the Caribbean region (39 per cent) and the
Central and Southern Asia subregion (38 per cent). The regions
with the lowest proportion of indicators showing environmental

Figure ES.3 Environment-related SDG indicators data trend,
global and regional levels

45%  41% 51% 51% 55% 55% 50% 55%  54% 59%

60 7

40 7

32%

30%
28% 1 28% 1. 5% 25%

Global Central ~ Sub- Western Northern Eastern Europe Oceania Northern
and Saharan Asia Africa and America
Southern  Africa SE Asia
Caribbean Asia

No data or insufficient data Little change or a negative trend E Positive trend

degradation are Central and Southern Asia (12 per cent), Western
Asia (13 per cent) and Northern Africa (14 per cent).

While measuring the progress of the 92 environment-related SDG
indicators focuses on evaluating trends, it does not assess the
magnitude of the trends or progress towards meeting targets
associated with specific indicators.

Advancing statistical methods for identifying
interlinkages

This report advances the statistical methods to better assess
and understand the interlinkages between pairs of indicators
through the use of multivariate statistical analysis. This

builds on the methods used in the previous report, Measuring
Progress: Environment and the SDGs, which explored the use of
correlation analysis to identify the interlinkages between pairs of



indicators. Based on the driver-pressure-state-impact-response
(DPSIR) framework, the analysis identifies how one state of the
environment indicator is relates to indicators of a multitude of
drivers of change as well as socioeconomic and environmental
factors. The statistical analysis focuses on freshwater- and
marine-related ecosystems and is conducted at the global, national
(Colombia and Mongolia) and basin (Poyang basin, China) levels.

Global policy discussions benefit from new analytical approaches
to understanding the underlying interlinkages and drivers of
indicator trends. The analytical approach used has the potential
to contribute to a more policy-relevant integrated analysis.

The analysis confirmed many known interlinkages between
freshwater- and marine-related ecosystems and variable drivers.

It also identified several new interlinkages that cannot be easily
explained with the existing literature, requiring further investigation
to identify whether these are covariates or newly identified drivers.
Consideration of these new drivers may be highly relevant to

the development of new innovative policies to protect these
ecosystems.

Evaluating indicators at the national level provides a more
comprehensive and actionable interpretation of key interlinkages
than at the global level, but global-level trends remain critical to
assessing overall progress in achieving the SDGs. A unique aspect
of the analysis is the inclusion of both global-level and national-
level interlinkages. While some interlinkages were detected at both
scales, others were only identified at the more granular national
scale. The various positive and negative relationships identified
between the state of the ecosystem, direct drivers of change,
state of human well-being, and socioeconomic and environmental
factors highlight the importance of considering the impact of
indirectly related factors. While some impacting factors are
common in global and national settings, identifying other national
factors considered to have synergies or trade-offs with water-

related ecosystems is imperative to inform the development of
targeted policies and interventions to protect these ecosystems.

Findings for freshwater- and marine-related
ecosystems

The analysis identified strong interlinkages related to policies
that integrate land and water conservation, ensure suitable water
infrastructure in urban areas, provide mitigation of pollution

and address impacts from water withdrawals associated with
economic activity. The analysis revealed mostly examples of
relationships consistent with published evidence and intuition.

For example, population living in urban areas was found to be
positively interlinked to a decline in marine-related ecosystem
indicators, confirming the impact of effluents from large cities on
the eutrophication of coastal areas.

The inclusion of global and national levels in the statistical
analysis provided an opportunity to verify global interlinkages
with national case studies and highlight the impact of data
disaggregation. For instance, conservation efforts were
consistently positively interlinked with freshwater-related
ecosystem indicators at both levels, while water-use efficiency
indicators were interlinked with freshwater-related ecosystems only
at the national level.

Recommendations

The analytical approach has exposed some of the critical data
gaps in water-related ecosystems and has challenged the
suitability of some indicators to detect meaningful change

in the health of freshwater- and marine-related ecosystems.
The freshwater-related ecosystem assessment was limited to
interlinkages between various metrics of the area of freshwater



in each country. Similarly, the lack of disaggregated catchment-
level data constrained the ability to meaningfully assess coastal
ecosystems. While these data sets benefit from the ability to
provide consistent measurement using remote sensing across
the globe, they are limited in their ability to measure the water
quality, volumes or ecosystem health of waterbodies. There may
be opportunities to further utilize citizen science, satellite imagery,
low-cost in situ monitoring and big data to produce measures of
water quality and/or volume within various waterbodies.

It is critical that the successes of the SDG indicator framework
be translated into disaggregated data capable of informing
subnational policies while maintaining compatibility at a global
scale. Data and indicators are key for informed decision-making
and policy design to know how realistic options are, what
inconsistencies might result from decisions, how the cost of

such inconsistencies can be mitigated and how trade-offs can be
explained. Considering that most environmental policies, including
water policies, are developed at the national or subnational scale,
disaggregated data is needed to inform policy.

Re-evaluating the suitability of the current indicator
methodologies to parse true change in the environment from data
and methodological artefacts is needed to bolster data collection
for other environment-related indicators. Moreover, the analysis
revealed the importance of incorporating more ecologically

relevant spatial groupings. Catchment-based or ecosystem-
based aggregations may provide more insight into the ecological
dimension of many of the interlinkages identified for freshwater-
and marine-related ecosystems. However, methods and tools
used are expected to be developed concomitantly to facilitate
actionable use of data by policymakers working within political or
geographical boundaries.

A fuller understanding of SDG interlinkages will ultimately allow
for the design of more effective policy responses. For example,
integrated water resources management is an optimal policy
response that requires the incorporation of scientific analysis of the
most relevant external drivers of ecosystem and resource issues, a
comprehensive planning approach as well as a traditional approach
that focuses on stakeholder input. This is critical to achieving policy
coherence and recommendations that are both policy relevant and
scientifically defensible.

Sustainable development and the 2030 Agenda can only be
achieved through an all-sectoral approach that integrates
environment-related indicator trends with robust policy analyses.
Its interlinked nature calls for policy coherence for sustainable
development through an integrated approach to ensure the
production of complementary policies and the avoidance of trade-
offs.
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1.1 Introduction

1.1.1 A focus on water-related ecosystems

The 2030 Agenda for Sustainable Development and its Sustainable
Development Goal (SDG) framework were constructed to interlink
economic, environmental and social dimensions. The importance
of achieving sustainability relies on understanding the synergies
and trade-offs between implemented actions and the actions

that may hinder or empower them. The Measuring Progress

series explores the relationship between environmental indicators
and economic or social indicators. The Measuring Progress:
Environment and the SDGs report (2021) mapped those SDG
indicators through the standard driver-pressure-state-impact-
response (DPSIR) lens and categorized them into state of the
environment indicators, state of society indicators and direct
drivers indicators, enabling the identification of possible synergies
between these SDG indicators by using simple correlation. The
simple correlation analysis provided only limited insight into
interlinkages which often prove to be complex and ultimately need
to be further investigated for impactful policy design. The attempt
to establish statistical relationships between some of the key
drivers and indicators of the environmental dimension of the SDGs
has been inconclusive. The report emphasized the need for data
and techniques capable of full multivariate analyses to understand
the implications of the full set of the SDG policies and better design
new interventions.

In this report, data availability for one thematic area was
considered to further explore possible statistical methods for
analysing interlinkages. Based on data availability of the 92
environment-related SDG indicators (see Annex A, Table A1),
water indicators, including marine and freshwater, are the most
populated of the 92 environment-related SDG indicators. The
analysis in this report is carried out for two types of ecosystems:
freshwater-related and marine-related. Considering the importance

of disaggregated data and its role in identifying more focused
relationships between indicators, analyses are carried out for
freshwater-related ecosystems at global, national and basin
levels, and for marine-related ecosystems at global and national
levels. Going beyond a correlation analysis, the analysis considers
additional factors beyond population, GDP and geographical
region to improve the understanding of factors that influence
interlinkages.

1.1.2 Water-related ecosystems and the SDGs

Water is an essential pillar of sustainable development. Water
resources and ecosystems provide food (SDG 2) and energy
security (SDG 7), contribute to human and environmental health
(SDG 3), and are essential for manufacturing industries (SDG 9).
Integrated water resources management can contribute to tackling
poverty (SDG 1) and inequality (SDG 10), enhance economic
development (SDG 8), develop urban settings (SDG 11) and support
the protection of ecosystem services (SDGs 6 for freshwater, 14 for
marine and 15 for terrestrial). Yet, the sustainability of water-related
ecosystems is threatened by climate change (SDG 13), excessive
pollution (SDGs 6 and 14) and overexploitation. Hence the need

to reduce deteriorated water quality and water scarcity and avoid
water-related conflicts (SDG 16) as well as regulate consumption
and production (SDG 12) for future generations. Additionally, given
the interlinkages of the water sector with all aspects of national
economies, policy coherence is crucial to ensure synergy and avoid
trade-offs between and among economical activities.

There is no doubt that the access to and quality of water resources
impact people differently (SDG 5). As primary water collectors,
women and girls spend ample time finding and collecting water
instead of studying (SDG 4) or engaging in employment (SDG 8).
Their role also increases their risk of exposure to contaminated
water, which carries a direct impact on their health (SDG 3). Raising
awareness on the importance of water access and healthy water-



and marine-related ecosystems by citizens can positively impact
these ecosystems and encourage partnerships to responsibly
manage such resources and respond to the water crisis with
improved skills and knowledge (SDG 17).

1.1.3 The importance of water-related ecosystems
to the natural environment

Freshwater plays a fundamental role in support of the environment,
society and the economy. Ecosystems such as wetlands, rivers,
aquifers and lakes are indispensable for life on Earth. Freshwater-
related ecosystems are also vital for directly ensuring a range

of benefits and services such as drinking water and recreation,
agriculture and energy, habitats for aquatic life forms and natural
solutions for water purification and climate resilience. Freshwater-
related ecosystems can be defined as “a dynamic complex of
plant, animal, and microorganism communities and the non-living
environment dominated by the presence of flowing or still water,
interacting as a functional unit.” (Dickens and McCartney 2019;
MEA 2005). SDG target 6.6 aims for the protection and restoration
of water-related ecosystems and includes indicator 6.6.1 which

is framed around the monitoring of different types of freshwater-
related ecosystems including lakes, rivers, wetlands, groundwater
and artificial waterbodies such as reservoirs. In the indicator
methodology, reservoirs are also included as part of freshwater-
related ecosystems. Although reservoirs are not traditional
ecosystems requiring protection and restoration, they contain
significant freshwater in many countries and were therefore
included (United Nations Statistics Division [UNSD] 2022a).

Freshwater and marine-related ecosystems are linked through
the Earth's hydrologic cycle. Marine-related ecosystems are
aquatic environments that contain high levels of dissolved salt
and range from coastal shores to dark seabeds. Open ocean and
coastal marine-related ecosystems are characterized by different
physical and biological attributes (National Geographic 2022).

Chapter 1: Background

From the deep sea to coastal reefs, from mudflats to seagrass
meadows, ocean and marine systems provide essential services to
humans, including carbon capture for climate mitigation, climate
regulation, oxygen provision, renewable energy, protection from
storm surges and serving as a significant economic and dietary
source for people worldwide. As the dedicated goal for marine-
related indicators, SDG 14 includes target 14.1 on preventing and
significantly reducing marine pollution, target 14.3 on minimizing
and addressing the impacts of ocean acidification and target 14.4
on halting overfishing, illegal, unreported and unregulated fishing
and destructive fishing practices. These three targets comprise the
indicators on the state of marine-related ecosystems.

1.2 Threats to water-related ecosystems

Water sustainability reflects the need to make water available
for current and future generations for consumption, agriculture
and other economic activities, while preserving the health of
ecosystems. Water faces major threats to its quality, availability
and sustainability. Some threats may be more impactful than
others, but all threats jeopardize the sustainability of water
resources.

The impact of climate change and variability on water resources

is becoming more visible. Changes in precipitation, ambient and
water temperatures (Woolway et al. 2020), extreme weather events
causing floods, droughts and storms (Crook et al. 2015) as well

as changes in water quality through increased acidification of

the oceans resulting from increased carbon dioxide absorption
(United Nations Environment Programme [UNEP] 2017) are

all exacerbated by climate change. Sea level rise is causing
groundwater deterioration through saline intrusion in coastal areas
(United Nations Educational, Scientific and Cultural Organization
[UNESCO] 2020), which is further impacted by the change in land
use causing surface run-offs to the sea and altering the natural
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replenishment of groundwater resources (United Nations [UN]
2022a). Additionally, the introduction of invasive species in new
water environments is having devastating consequences on native
biota, both in marine and riverine habitats (Crook et al. 2015).

The most significant threat originating from socioeconomic and
political factors is pollution. The UNEP has designated pollution
as one of the three planetary crises due to its extent and impact
on the environment and human health and well-being. Its impact
on aquatic ecosystems is tremendous, resulting from the disposal
of untreated wastewater and industrial effluents in water streams
and the masses of plastic pollution in water streams and oceans,
chemicals and waste disposal. In addition to urbanization,
agricultural practices and deforestation, pollution is pushing
ecosystems to their thresholds, where they can no longer restore
and regulate themselves, thus expediting the degradation of water
quality and availability (WWAP 2015). Human overexploitation of
aquatic resources is accelerating the decline in their availability
and quality. This is exacerbated by the increase in worldwide
water stress' (1.6 per cent increase between 2015 and 2019, with
72 per cent attributed to the agricultural sector (UNSD 2022b))
and overfishing in oceans, seas, lakes and rivers (decline in the
proportion of fish stocks within a biologically sustainable level from
73 per cent in 2000 to 65 per cent in 2019 (Food and Agriculture
Organisation [FAQ] 2022a)).

Ineffective or absent water governance is one of the most
significant management threats to aquatic resources. Governance
arrangements sit at the heart of integrated water resources
management, more specifically the effective coordination of
development objectives focusing on policy and regulatory
frameworks, institutional responsibilities, and financing and
management (UNEP 2021a). Principle 3 of the Organisation for
Economic Co-operation and Development’s (OECD'’s) Principles on

Water Governance promotes policy coherence through effective
cross-sectoral coordination, focusing on policies between water
and the environment, health, energy, agriculture, industry, spatial
planning and land use. The overall principles intend to contribute
to tangible and outcome-oriented public policies, which are based
on three mutually reinforcing and complementary dimensions

of water governance: effectiveness, efficiency, and trust and
engagement (Organisation for Economic Co-operation and
Development [OECD] 2015). Water resources are being significantly
pressured by governance failures and unsustainable development
pathways (WWAP 2015). The lack of a full representation of

the values of water is a primary reason for limited successes in
attaining integrated water resources management and failures in
water governance (UN 2021a). Part of the failure of efficient water
governance lies in the ageing water infrastructure as well as the
inadequate funding for its operation and maintenance (UNESCO
and UN-Water 2020). For instance, it was estimated that USS 1.7
trillion is required by 2030 to achieve the Water, Sanitation and
Hygiene for All (WASH) component of SDG 6, including capital
investment, operating and maintenance costs (UNESCO and UN-
Water 2020).

Several reasons explain why these threats — whether
environmental, socioeconomic or management-related — have
not been addressed yet. Although the freshwater sector is the
environmental sector with the most data available to date,
targeted and detailed information still lacks. For instance, the
average United Nations Member State publishes data on about
two thirds of the SDG 6 indicators, while 24 Member States
publish less than half (UN-Water 2021). There is significant gap in
disaggregated data, whether subnational, gender or basin levels,
which hinders decision-making and the development of targeted
policies. Although closing the data gap is essential, a persistent
lack of monitoring infrastructure and data management systems

1 Water stress is the amount of water withdrawn divided by the total water resources available (UNSD 2022a).



hamper closing the data gap (UN-Water 2021). In a similar vein,
there is a lack of data, information and knowledge to develop a
comprehensive understanding of the oceans, their components
and their interactions (United Nations Educational, Scientific
and Cultural Organization - Intergovernmental Oceanographic
Commission [UNESCO-I0C] 2021).

Developing targeted policies to adequately manage water
resources is complex and requires cross-institutional cooperation
to account for all stakeholders across all levels. For instance, the
role of groundwater resources is not often fully recognized due

to the complexity and diversity of hydrogeological processes,
which hinders its full incorporation in policymaking (UN 2022a).

In addition, another layer of complexity relates to climate change
adaptation and mitigation actions, where complex interactions
between energy, land, water and biodiversity need to be considered
to improve the management of water resources (UNESCO and UN-
Water 2020).

Poverty, social inequality and water resources are connected in

a vicious cycle. Poverty and social inequality exacerbate poor
water quality through the release of wastewater effluents due

to unavailability of wastewater collection networks, the disposal
of waste in open dumps next to water streams, which pollutes
surrounding water resources, and through using basic techniques
to extract groundwater, which renders it unclean and unsafe for

human use. The unsafe and unclean sources of water available for
use and the unaffordable prices of water from private or informal
vendors also add to this cycle. This drives people to use unclean
water sources or save on daily water use, which in both scenarios
impacts their health, in turn causing educational or employment
opportunities losses (WWAP 2015).

1.3 Presentation of report sections and what is
covered under each section

The report is divided into seven chapters. The first introduces
water-related ecosystems, their link to the SDG framework and the
main issues threatening their sustainability. Chapter 2 provides

the analysis of progress on global and regional? levels of the 92
environment-related indicators. The end of chapter 2 provides the
link to the statistical methodology by introducing the categories

of socioeconomic and environmental factors, while chapter 3
presents the methodological summary of the statistical analysis.
The results of the statistical analysis are interpreted in chapter

4 with a focus on freshwater-related ecosystems, and chapter 5
concentrates on marine-related ecosystems. Despite suboptimal
data availability, chapter 6 identifies data sources, current and
potential usage to report on SDG indicators. Chapter 7 presents the
main conclusions and recommendations, including policy, data and
indicators recommendations.

2 The regional analysis is based on the SDG regional groupings, except for Northern America and Europe, which have been separated. A full description of the SDG regions, including their respective

countries, is included in Annex B.
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The following chapter aims to showcase the progress in data
availability in relation to specified SDG indicators. The purpose is
not to explain why indicators’ trends are increasing or decreasing.
The change in category (that is, the three distinct categories of (i)
positive trend, (i) little change or negative trend and (iii) no data or
insufficient data) is based on data availability only. Data extracted
from the SDG Global Indicator Database are considered to be
accurate and validated before publishing.

Data for this report have been extracted from the SDG Indicators
Database on 14 June 2022. Subsequent updates of the database
were not considered in this report. Additionally, Annex A lists the
set of the 92 environment-related SDG indicators and their selected
sub-indicators, where appropriate. These sub-indicators were used
to measure progress in the scorecards.

2.1 Global and regional progress on the
environmental dimension of the SDGs

2.1.1 Global progress on the environmental
dimension of the SDGs

Global analysis of the progress of the 92 environment-related
SDG indicators indicates an improvement in data availability.
Improvement in data availability is based on additional data being
reported by countries, which leads to the availability of sufficient
data to aggregate at regional and global levels. Compared with
the Measuring Progress: Environment and the SDGs report (UNEP
2021b), the indicators with no data or insufficient data to analyse
decreased from 58 to 41 per cent (Figure 2.1). Among SDG
environment-related indicators, 38 per cent show positive change
indicating environmental improvement, an increase from 28 per
cent reported in the previous report (UNEP 2021b). In parallel,

21 per cent of SDG environment-related indicators are showing
negative or little change — an increase from 14 per cent reported in
2020.
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The number of SDG indicators considered environment-related
vary across goals, as does the availability of data at the goal level,
except for SDG 10 on reduced inequalities and SDG 16 on peace
and justice, which have no environment-related indicators. SDG 4
on education and SDG 5 on gender show no improvement in data
availability since 2018, although these two goals each only have
one SDG indicator. For SDG 5, data are available for 36 countries
and cover the 2009--2020 period (UN 2022b); yet the total number
of countries where data are available does not allow for a global
aggregate. Such data gaps mean that countries collecting data

on the gender-environment nexus may not have a standardized
methodology and approach, thus making it difficult to track
progress. In addition, SDG 3 on health and SDG 17 on partnerships
and means of implementation indicate data availability, yet no
progress in data availability was made between 2018 and 2022.

Significant improvements in data availability are recorded for SDG
6 on water, SDG 12 on sustainable consumption and production,
SDG 14 on oceans and SDG 15 on land and biodiversity. Each goal
has many indicators considered environment-related and data
availability has improved since 2018 for several indicators. In 2022,
SDG 6 on water has only one indicator with no data out of 11, SDG
12 on sustainable consumption and production has four indicators
with no data out of 14, SDG 14 on oceans has two indicators with
no data out of nine and SDG 15 on land and biodiversity has three
indicators with no data out of 14 (Figure 2.2).
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Figure 2.1 Global scorecard on the environmental dimension of the SDGs
SDG 1: END POVERTY SDG 8: DECENT WORK AND ECONOMIC GROWTH

@ Land tenure (1.4.2) @ Material footprint (8.4.1)
@ Disasters: persons affected (1.5.1)

@ Domestic material consumption (8.4.2)
@ Disasters: economic loss (1.5.2)

@ Greenhouse gas emissions (13.2.2)

@ Education for sustainable development (13.3.1)

@ Resources mobilized for climate action (13.a.1)

@ Climate action support for least developed countries (13.b.1)

@ Disaster risk reduction strategies (1.5.3) _
@ Disaster risk reduction strategies for local government (1.5.4) SDG 9: INDUSTRY, INNOVATION AND INFRASTRUCTURE

[FF=]—® CO, emissions (9.4.1)
SDG 2: FOOD SECURITY &

FFMl— @ Sustainable agricultural practices (2.4.1)
- @ Secure genetic resources for food (2.5.1) SDG 10: REDUCED INEQUALITIES

® Local breeds for agriculture (2.5.2) The environmental dimension is not represented

in Goal 10
SDG 3: HEALTH
@ Air pollution mortality (3.9.1)
W. Water-related mortality (3.9.2) SDG 11: CITIES AND COMMUNITIES
@ Unintentional poisoning (3.9.3) i— . Access to public transport (11.2.1)
nEéE Land consumption (11.3.1)

SDG 4: EDUCATION

@ Education for sustainable development (4.7.1)

Urban planning (11.3.2)

Investment in cultural and natural heritage (11.4.1)
Disasters: persons affected (11.5.1)

Disasters: economic loss (11.5.2)

Urban solid waste management (11.6.1)

Ambient air pollution (11.6.2)

Public land in cities (11.7.1)

Disaster risk reduction for local government (11.b.1)
Disaster risk reduction strategies (11.b.2)

SDG 5: GENDER

. Women agricultural land owners (5.a.1)

SDG 14: OCEANS

B

Marine pollution and coastal eutrophication (14.1.1)
Management of marine areas (14.2.1)

Ocean acidification (14.3.1)

Sustainable fish stocks (14.4.1)

Marine protected areas (14.5.1)

Fishing regulation (14.6.1)

Sustainable fisheries in small island developing States and
least developed countries (14.7.1)

Scientific knowledge, research capacity and transfer of
marine technology (14.a.1)

Instruments for conservation and sustainable use of oceans
and their resources (14.c.1)

SDG 15: LAND AND BIODIVERSITY

@ Forestarea (15.1.1)

EQ Protection of key biodiversity areas (15.1.2)

Forest area annual net change rate (15.2.1)
Land degradation (15.3.1)
Mountain protected areas (15.4.1)
Mountain green cover (15.4.2)
Endangered species (15.5.1)
Strategies for sharing biodiversity benefits (15.6.1)

DG 6 WATER SDG 12: RESPONSIBLE LIFESTYLES Trade in poached o illicitly trafficked wildlife (15.7.1)
[F— @ Safe drinking water (6.1.1) = @ Action plans for sustainability (12.1.1) Strategies for preventing invasive alien species (15.8.1)
E @ Handwashing facilities with soap and water (6.2.1) . Material footprint (12.2.1) Progress towards Aichi Biodiversity Target 2 (15.9.1)
@ Wastewater treatment (6.3.1) @ Domestic material consumption (12.2.2) Investment in biodiversity and ecosystems (15.a.1)
@ Water quality (6.3.2) @ Food loss (12.3.1a) and Food waste (12.3.1b) Investment in sustainable forests (15.b.1)
@ Water efficiency (6.4.1) @ Information transmitted under chemicals and Protection against poaching, trafficking and trade (15.c.1)
@ Water stress (6.4.2) waste conventions (12.4.1)
@ Water resource management (6.5.1) @ Hazardous waste generation (12.4.2) SDG 16: PEACE AND JUSTICE
@ Water cooperation (6.5.2) @ Recycling (12.5.1) X . L )
@ Water-related ecosystems (6.6.1) @ Corporate sustainability reporting (12.6.1) The environmental dimension is not represented in Goal 16
@ Investment in water and sanitation (6.a.1) @ Sustainable public procurement (12.7.1)
@ Local water management (6.b.1) @ Education for sustainable development (12.8.1)
@ Research for sustainable lifestyles (12.a.1) SDG 17: PARTNERSHIPS AND MEANS OF IMPLEMENTATION
SDG 7: ENERGY @ Sustainable tourism strategies (12.b.1) @ Funding for environmentally sound technologies (17.7.1)
77— @ Reliance on clean fuels (7.1.2) @ Fossil fuel subsidies (12.c.1) @ Funding for capacity-building (17.9.1)
@ Renewable energy (7.2.1) @ Mechanisms enhancing policy coherence (17.14.1)
@ Energy intensity (7.3.1) SDG 13: CLIMATE ACTION @ Progress in multi-stakeholders monitoring
@ Clean energy research and technology (7.a.1) 3 @ Disasters: persons affected (13.1.1) frameworks (17.16.1)
@ Renewable energy-generating capacity (7.b.1) t. Disaster risk reduction strategies (13.1.2) ® Statistical capacity indicator for SDG monitoring (17.18.1)
@ Disaster risk reduction for local government (13.1.3)
@ Climate change action plans (13.2.1)
Represents a change in condition based on this Represents very little Represents a change in condition Some data is available, No data is
‘ indicator in a positive direction between 2000 negative or positive change . based on this indicator in a but not enough to analyse available.
and 2022 (does not represent that the SDG target in this indicator between negative direction between 2000 changes over time. H
will be achieved). : 2000 and 2022. : and 2022.
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Figure 2.2 Data availability for environment-related SDG indicators per goal, 2018 to 2022
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2.1.1.1 Freshwater- and marine-related ecosystems

“The world's water-related ecosystems are being degraded at an
alarming rate”, is one of the main messages of the Sustainable
Development Goals Report 2022 (UN 2022b). The latest data
indicate a loss of 85 per cent of wetlands over the past 300 years,
with rivers, lakes and reservoirs witnessing rapid change, due

to many factors, of which the most profound is climate change
(UN 2022b). Transboundary waters covered by operational
arrangements have increased, yet “only 25 per cent of countries
have more than 90 per cent of their transboundary waters covered
by operational arrangements” (UN 2022b). Globally, 56 per cent
of household wastewater was safely treated, leaving significant
guantities of untreated wastewater discharged into water bodies
causing eutrophication (UN-Habitat and WHO 2021).

Ten per cent of global population live in high or critical levels of
water stress countries, while water-use efficiency improved by

12 per cent between 2015 and 2017, yet the agricultural sector,
which is the largest water-use sector, indicated a modest increase
(UN 2022b). Till date, at least three billion people depend on water
which quality is unknown, while 1.6 billion people will lack safely
managed drinking water by 2030 if the pace of progress is not
quadrupled (UN 2022b).

Marine-related ecosystems are facing continuous stress, with
oceans and seas being endangered by increased plastic pollution,
water temperature warming, eutrophication, acidification and
overfishing. In 2021, it was estimated that around 17 million

metric tons of plastic entered the oceans (UNSD 2022b), while the
proportion of fish stocks within biologically sustainable levels is
decreasing, with a slower rate of decline over the past decade (FAO
2022a). Countries have, however, progressed with implementing
international instruments to combat illegal, unreported and
unregulated fishing instruments (FAO 2022a).

2.1.1.2 Data availability and indicators’ progress

There are 22 water-related SDG indicators which include 13
freshwater-related indicators and nine marine-related indicators.
Out of these 22 indicators, 50 per cent are exhibiting a positive
change, indicating environmental improvement. However, 27 per
cent of the indicators are exhibiting little or negative change, while
23 per cent are considered to have no data or insufficient data to
analyse. A deeper look into freshwater-related indicators reveals
that there is no indicator without data. Of the freshwater-related
indicators, 62 per cent show positive change, 23 per cent indicate
little or negative change and 15 per cent have insufficient data

to analyse. Marine-related indicators are spread equally between
positive change, little or negative change and no data or insufficient
data to analyse at 33 per cent each.

2.1.1.3 Water-related ecosystem conservation policies
and accelerated action as part of the United
Nations Water Action Decade and United Nations
Decade of Ocean Science for Sustainable
Development

Many international conventions were developed and adopted over
the years to promote conservation and cooperation in relation to
freshwater resources, including ecosystems. Such Conventions
include the Ramsar Convention on Wetlands of International
Importance (1971), Convention on the Protection and Use of
Transboundary Watercourses and International Lakes (1992),

and the Convention on the Law of the Non-Navigational Uses

of International Watercourses (1997). In a similar vein, many
conventions also targeted the regulation and conservation of
marine resources and ecosystems, of which are the United Nations
Conventions on the Law of the Sea (1982), the Prevention of
Marine Pollution by Dumping of Wastes and Other Matter (1972),
Prevention of Pollution from Ships (1973), Safety of Life at Sea
(1974) and Qil Pollution Preparedness, Response and Cooperation
(1990). In addition, the Aarhus Convention was expanded with



a binding rapid response mechanism to protect environmental
defenders (UNECE 2021), including water defenders, and United
Nations Member States committed to forging a legally binding
international agreement by 2024 to end plastic pollution, a key
threat to marine and freshwater ecosystems (UNEP 2022b).

On 21 December 2016, the General Assembly declared 2018-
2018 as the International Decade for “Water for Sustainable
Development” with the aim of accelerating efforts towards
meeting the water-related targets of sustainable development and
promoting the integrated management of water resources to attain
social, economic and environmental objectives (United Nations
General Assembly [UNGA] 2017a). The Decade also promotes
cooperation, partnership and action by different actors at all levels
and aims to stimulate the implementation of existing programmes
and projects. It specifically calls for the closing of gender gaps

in the water sector while stressing the importance of the full
involvement of women, local communities, Indigenous peoples
and other vulnerable groups in the implementation of the Decade
at all levels (UNGA 2016). To guide those endeavours, UN-Water
has developed an action plan for the Decade. This action plan
includes four work streams: (a) facilitating access to knowledge
and the exchange of good practices; (b) improving knowledge
generation and dissemination, including new information relevant
to water-related SDGs; (¢) pursuing advocacy, networking and
promoting partnerships and action; and (d) strengthening
communication actions for implementation of the water-related
goals. Many activities are planned to reach the objectives of the
four working streams (UN-Water 2018b), and a midterm review of
the Water Action Decade is planned for March 2023. Forty-three
countries have pledged commitments and activities as part of the
International Decade for Action (UN-Water n.d.).
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On 5 December 2017, the General Assembly declared 2021-
2030 as the United Nations Decade of Ocean Science for
Sustainable Development and called upon the Intergovernmental
Oceanographic Commission of UNESCO to develop the Ocean
Decade’s implementation plan (UNGA 2018). The “science we
need for the ocean we want” vision is complemented by the
Ocean Decade’s mission to motivate transformation solutions for
sustainable development by setting the target to achieve seven
outcomes: clean, healthy and resilient, productive, predicted, safe,
accessible, and inspiring and engaging oceans (UNESCO-10C
2021). These outcomes can be achieved through 10 identified
Ocean Decade Challenges, which promote collective action at
global, regional, national and subnational levels (UNESCO-I0C
2021). Although the Ocean Decade will not focus on policy, it “will
build scientific capacity to generate knowledge that will directly
contribute to the goals of the 2030 Agenda” (UNESCO-I0C 2021).
As at May 2022, the Ocean Decade Actions enlisted 31 global
programmes, 92 projects, 15 United Nations-led actions, 42
contributions and 277 activities across more than 40 countries.
In addition, resource mobilization of USS 844 million has been
secured (UNESCO-I0C 2022a).

On 1 March 2019, the General Assembly declared 2021-2030 as
the Decade on Ecosystem Restoration, calling to conserve and
restore all ecosystems on Earth, which include freshwater- and
marine-related ecosystems (UNEP-FAQ 2020).
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2.1.2 Sub-Saharan Africa: Regional progress on the environmental dimension and state of the environment

indicators of the SDGs

Figure 2.3 Scorecard on the environmental dimension of the SDGs in sub-Saharan Africa

SDG 1: END POVERTY

@ Land tenure (1.4.2)
W. Disasters: persons affected (1.5.1)
@ Disasters: economic loss (1.5.2)
@ Disaster risk reduction strategies (1.5.3)

@ Disaster risk reduction strategies for local government (1.5.4)

SDG 2: FOOD SECURITY
7F— @ Sustainable agricultural practices (2.4.1)
& @ Secure genetic resources for food (2.5.1)
@ Local breeds for agriculture (2.5.2)

SDG 3: HEALTH

3o @ Air pollution mortality (3.9.1)
_/\,\f. @ Water-related mortality (3.9.2)

@ Unintentional poisoning (3.9.3)

SDG 4: EDUCATION

m—ﬁ Education for sustainable development (4.7.1)

SDG 5: GENDER

@ Women agricultural land owners (5.a.1)

SDG 6: WATER
[ — @ Safe drinking water (6.1.1)
E @ Handwashing facilities with soap and water (6.2.1)

@ Wastewater treatment (6.3.1)
@ Water quality (6.3.2)
@ Water efficiency (6.4.1)
@ Water stress (6.4.2)
@ Water resource management (6.5.1)
@ Water cooperation (6.5.2)
@ Water-related ecosystems (6.6.1)
@ Investment in water and sanitation (6.a.1)
@ Local water management (6.b.1)

SDG 7: ENERGY

7"

Reliance on clean fuels (7.1.2)

I

Renewable energy (7.2.1)
Energy intensity (7.3.1)
Clean energy research and technology (7.a.1)

Renewable energy-generating capacity (7.b.1)

SDG 8: DECENT WORK AND ECONOMIC GROWTH

@ Material footprint (8.4.1)
@ Domestic material consumption (8.4.2)

SDG 9: INDUSTRY, INNOVATION AND INFRASTRUCTURE

. CO, emissions (9.4.1)

SDG 10: REDUCED INEQUALITIES

SDG 11: CITIES AND COMMUNITIES

32— @ Access to public transport (11.2.1)
. Land consur_nption (11.3.1)
Urban planning (11.3.2)
Investment in cultural and natural heritage (11.4.1)
Disasters: persons affected (11.5.1)
Disasters: economic loss (11.5.2)
Urban solid waste management (11.6.1)
Ambient air pollution (11.6.2)
Public land in cities (11.7.1)
Disaster risk reduction for local government (11.b.1)

Disaster risk reduction strategies (11.b.2)

The environmental dimension is not represented
in Goal 10

SDG 12: RESPONSIBLE LIFESTYLES
12 tmems Action plans for sustainability (12.1.1)
Material footprint (12.2.1)

Domestic material consumption (12.2.2)
Food loss (12.3.1a) and Food waste (12.3.1b)

Information transmitted under chemicals and waste
conventions (12.4.1)

Hazardous waste generation (12.4.2)

Recycling (12.5.1)

Corporate sustainability reporting (12.6.1)
Sustainable public procurement (12.7.1)

Education for sustainable development (12.8.1)
Research for sustainable lifestyles (12.a.1)
Sustainable tourism strategies (12.b.1)

Fossil fuel subsidies (12.c.1)

SDG 13: CLIMATE ACTION

13 @ Disasters: persons affected (13.1.1)

t. Disaster risk reduction strategies (13.1.2)
@ Disaster risk reduction for local government (13.1.3)
@ Climate change action plans (13.2.1)

Greenhouse gas emissions (13.2.2)

Education for sustainable development (13.3.1)

Resources mobilized for climate action (13.a.1)

Climate action support for least developed countries (13.b.1)

SDG 14: OCEANS

B

Marine pollution and coastal eutrophication (14.1.1)
Management of marine areas (14.2.1)

Ocean acidification (14.3.1)

Sustainable fish stocks (14.4.1)

Marine protected areas (14.5.1)

Fishing regulation (14.6.1)

Sustainable fisheries in small island developing
States and least developed countries (14.7.1)
Scientific knowledge, research capacity and transfer
of marine technology (14.a.1)

Instruments for conservation and sustainable use of
oceans and their resources (14.c.1)

SDG 15: LAND AND BIODIVERSITY

=

Forest area (15.1.1)

Protection of key biodiversity areas (15.1.2)

Forest area annual net change rate (15.2.1)

Land degradation (15.3.1)

Mountain protected areas (15.4.1)

Mountain green cover (15.4.2)

Endangered species (15.5.1)

Strategies for sharing biodiversity benefits (15.6.1)
Trade in poached or illicitly trafficked wildlife (15.7.1)
Strategies for preventing invasive alien species (15.8.1)
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2.1.2.1 Freshwater- and marine-related ecosystems in

sub-Saharan Africa

Sub-Saharan Africa consists of several terrestrial and aquatic
biomes ranging from large and small freshwater rivers and lakes,
including their headwaters and deltas to wetland ecosystems
such as swamps, bogs and salt marshes (Wilson and Primack
2019) as well as several marine biomes. In the region, growing
pressures and threats on water resources are mostly a build-up
of rapidly shifting demographic trends (UNDESA 2022a), coupled
with a significant number of countries having water scarcity, as
well as adding the adverse impacts of climate change (Trisos

et al. 2022), biodiversity loss (IPBES 2018a), pollution and land
degradation (Dangui and Jia 2022). For instance, Lake Chad,
shared by Cameroon, Chad, Niger and Nigeria, has a basin covering
almost 8 per cent of the continent. The water once served over
30 million people but has shrunk by 90 per cent since the 1960s,
having detrimental effects on other forms of economic growth,
natural capital and human security in the wider Sahelian parts of
the continent (Usigbe 2019). Also, as large number of rivers are
transboundary in nature, countries depend on water originating
from outside their boundaries (World Bank [WB] 2021a).

Water resources form the cornerstone of sustainable development,
as SDGs 6 and 14 act as enablers of other goals and are
simultaneously impacted by other goals. Estimates (African
Development Bank [AfDB] Group 2022a) show that 75 per cent of
the current and emerging jobs globally are moderately or highly
dependent upon access to water and water-related services. Yet
currently, water resources in sub-Saharan Africa are faced with a
multitude of risks that threaten their security and the long-term
water needs of the people, environment and economies. These
threats have risen sharply in the last two years, owing to multiple
stressors that have taken a toll on the region’s economies while
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drawing down on national budgetary resources (AfDB Group
2022a). The Water Strategy 2021-2025: Towards a Water Secure
Africa (AfDB Group 2022b) shows that the average per capita
water withdrawal in Africa is less than 40 per cent of the world'’s
average with only approximately 11 per cent of the hydropower
potential utilized and around 6 per cent of cultivated land being
irrigated despite the higher levels of irrigable potential® (AfDB
Group 2022b). In addition, many countries are experiencing water
stress, including Africa’s five of the global eight countries expected
to receive over half of the projected increase in global population
by 2050 (UNDESA 2022a). Among them are countries that are
experiencing constraints with either water stress and/or water
supply infrastructural capacity, including the Democratic Republic
of the Congo, Ethiopia, Nigeria and the United Republic of Tanzania.

Between 2000 and 2020, the sub-Saharan African population
increased from 647 million to 1.7 billion people (UNDESA 2022b).
Only 24 per cent of the population has access to a basic level of
drinking water services, 28 per cent of the population has basic
sanitation services and 18 per cent is practising open defecation
(WWAP 2019). These figures are often masked by inequalities that
persist in countries including between urban and rural, between
subnational regions and between the richest and the poorest. The
present situations are compounded by climatic variability and
change mainly manifesting through droughts and floods, costing
an estimated USS 30-50 billion annually as adaptation cost to
climate change in the region by 2030 (International Monetary Fund
[IMF] 2020). In 2022, for example, the eastern and horn of Africa
subregion experienced its worst drought in 40 years. Drier-than-
average conditions have been predicted to become more frequent
and severe (Office for the Coordination of Humanitarian Affairs
[OCHA] 2022).

3 All values represent the entire continent of Africa as values for sub-Saharan Africa are not available.
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Among sub-Saharan Africa’s 50 countries, 31 are coastal and/

or island States (Ngoile 1997). These countries are rich in various
and diversified ecosystems, including lagoons, deltas, mountains,
wetlands, mangroves, coral reefs and shelf zones. These
ecosystems sustain considerable amounts of fisheries and water
resources, which in turn support livelihoods and economies. In
2020, the coastal population (100 kilometres [km] of the coast)
of sub-Saharan Africa was estimated at nearly 60 million people
(United Nations n.d.a). Since 2000, employment in fisheries and
aquaculture in Africa rose from 3.6 million people to 5.6 million
people in 2020, an increase of more than 50 per cent with 10 per
cent of all existing fishers located in the continent (FAO 2022b).
Rapid coastal population growth and urbanization coupled with

limited financial resources are continuing to exacerbate the existing

constraints that include overfishing, marine pollution and loss of
natural habitats. Additionally, climate change-induced sea level
rise increases vulnerabilities of low-lying lagoon zones, coastal
settlements and other productive areas with subsequent pressure
on carrying capacity of the concomitant resources. The resultant
impacts of these situations include intensified competition to
access and control the shrinking resources thus increasing tension
in communities, economies and natural habitats (United Nations
n.d.a).

2.1.2.2 Data availability and indicator progress

Data availability concerning the 92 environment-related SDG
indicators in the sub-Saharan Africa region has improved, where
no data or insufficient data to analyse decreased from 65 per cent
in 2020 to 51 per cent in 2022 (Figure 2.3). Environment-related
indicators showing environmental improvement increased from 24
per cent in 2020 to 32 per cent in 2022, while environment-related
SDG indicators showing environmental deterioration increased
from 17 per cent to 17 per cent (Figure 2.4).

Figure 2.4 Environment-related SDG indicators data trend, sub-
Saharan Africa

Sub-Saharan Africa

y

51%

17%

No data or il Little change or

...... E Positive trend
insufficient data a negative trend

A total of 45 per cent of sub-Saharan Africa’'s water-related
indicators show positive change, 18 per cent indicate a negative
change and 36 per cent have no data or insufficient data to analyse
the progress — a decrease from 64 per cent compared with the
previous report (UNEP 2021b). Within the freshwater-related

SDG indicators, 62 per cent indicate positive change towards
environmental improvement, while 15 per cent show environmental
deterioration and 23 per cent have no data or insufficient data

to analyse — compared with 46 per cent in 2020 (UNEP 2021b).
However, 56 per cent of marine-related SDG indicators have no
data or insufficient data to analyse — compared with 89 per cent in
2020 (UNEP 2021b), while positive and negative change indicators
represent 22 per cent each.



2.1.2.3 Water-related ecosystem conservation policies
and accelerated action as part of the United
Nations Water Action Decade and United Nations
Decade of Ocean Science for Sustainable
Development

Cognizant of the prevailing bottlenecks that continue to hamper
progress in the water components of the 2030 Agenda in Africa,
the African Union's Member States decided on collective policy
response measures (GWP 2021) by adopting a continental Africa
Water Investment Programme (AIP) and its SDG water investment
support. The programme is led by national governments, regional
economic communities and River Basin Organizations, with
technical backstopping by the AIP Secretariat hosted by the Global
Water Partnership Africa Coordination Unit. It seeks to transform
the investment outlook for water and sanitation in Africa, by
mobilizing USS 30 billion in climate-resilient, gender-sensitive
investments in water and sanitation by 2030, and creating 5 million
jobs in Africa, as it recovers from the COVID-19 pandemic (UNEP
20217a). The AIP SDG water investment support programme fosters
these goals by helping countries to achieve SDG 6 and water-
related targets linked to health, energy, food and ecosystems.

Such an integrated policy approach is timely and offers hope for
progress in the region’s water sector including in the interlinked
food systems and value chains, which are tied to various facets of
the 2030 Agenda and SDGs.

Six countries in the sub-Saharan region submitted commitments
to the Water Action Decade, thereby accounting for 14 per cent

of all submissions. Within their country statements, officials from
Cabo Verde, Ethiopia, Ghana, Namibia, Nigeria and South Africa
uniformly emphasized the central position of SDG 6 within the SDG
framework and the importance of adequate funding (UN-Water
n.d.).
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Successfully launched at the African Conference on Priority Setting
and Partnership Development for the United Nations Decade of
Ocean Science, the Ocean Decade Africa Roadmap provides a
framework to coordinate ocean science planning and uptake.
Based on extensive stakeholder engagement, the road map further
defines nine priority Decade Actions which, among others, focus
on sustainable ocean management, ocean observations and
forecasting and regional ocean literacy (UNESCO-I0C 2022b).

Moreover, 14 per cent of all National Decade Committees originate
from sub-Saharan Africa (UNESCO-IOC 2022a). The region was
successful in contributing nine Decade projects (WIOMSA/IOC-
UNESCO 2022). In line with the Ocean Decade Africa Roadmap,
these projects focused on establishing scientific institutions and
networks related to ocean observations and monitoring as well as
on educational activities to enhance ocean literacy (WIOMSA/IOC-
UNESCO 2022).

2.1.2.4 Remaining gaps

The infrastructure gap constitutes one of the main constraints

to progress in Africa’s water resources sector. These include the
infrastructure gaps in water supply as well as in the actions for
curbing water pollution from land-based activities, which aggravate
the impacts of climate change on water and water-related
ecosystems. In addition, the hydrology of African surface water is
poorly monitored (Papa et al. 2022), highlighting the need for better
data availability and accessibility to reduce the data gap in the
water sector in sub-Saharan Africa.

Vulnerability and slow progress in Africa’s water sector and water-
related ecosystems and the interlinked value chains are mainly
attributed to low investments that have persisted over time (UNEP
20217a). Between 2021 and 2022, long-term investments in water
have been hugely crowded out by the urgent need for African
countries to address immediate health-care demands and the 21
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disrupted food supply chains as a result of the COVID-19 pandemic
and ongoing conflicts. This is despite the region being off-track in
many of the targets of the 2030 Agenda and Africa’s Agenda 20683,
in addition to the mounting triple planetary crisis of climate change,
pollution and degradation of natural habitats, which continues to
damage the region’s freshwater, marine and coastal ecosystems.
Similar to other countries around the world, gender equality in

the environment context has also dramatically suffered, further
slowing down ambitions to promote and monitor gender equality
and youth engagement in ocean science, which was one of the
enablers adopted at the Ocean Decade Africa Roadmap (UNESCO-
I0C 2022¢).

The African Economic Outlook 2022 (AfDB Group 2022a) shows
the estimated cumulative financing needs for Africa to respond
adequately to climate change, including adaptation in the water
sector, ranging from about USS 1.3 trillion to USS 1.6 trillion in the
lead -up to 2030 targets, which translates to about USS 118.2~
145.5 billion annually, with Eastern Africa requiring the highest

adaptation cost due to its susceptibility to climatic stresses,

lower resilience and response readiness. Green bonds and other
innovative financing mechanisms that align with the Addis

Ababa Action Agenda on framework for financing sustainable
development (UN 2015) represent potential opportunities for
reducing the financial gaps of Africa’s water sector. Countries in
sub-Saharan Africa have good prospects to leverage green finance
due to the associated financing cost benefits that loans and equity
investments do not offer (AfDB Group 2022a). This need to be
complemented with a strengthened space for enabling policies
including involving the private sector and other key stakeholders in
water resource sustainability and access.
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2.1.3 Asia and the Pacific: Regional progress on the environmental dimension and state of the environment
indicators of the SDGs

Figure 2.5 Scorecard on the environmental dimension of the SDGs in Central and Southern Asia

-
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Figure 2.6 Scorecard on the environmental dimension of the SDGs in Eastern and South-Eastern Asia
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Figure 2.7 Scorecard on the environmental dimension of the SDGs in Oceania
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Strategies for sharing biodiversity benefits (15.6.1)
Trade in poached or illicitly trafficked wildlife (15.7.1)
Strategies for preventing invasive alien species (15.8.1)
Progress towards Aichi Biodiversity Target 2 (15.9.1)
Investment in biodiversity and ecosystems (15.a.1)
Investment in sustainable forests (15.b.1)

Protection against poaching, trafficking and trade (15.c.1)

SDG 16: PEACE AND JUSTICE

The environmental dimension is not represented
in Goal 16

SDG 17: PARTNERSHIPS AND MEANS OF IMPLEMENTATION

Funding for environmentally sound technologies (17.7.1)
Funding for capacity-building (17.9.1)
Mechanisms enhancing policy coherence (17.14.1)

Progress in multi-stakeholders monitoring
frameworks (17.16.1)

Statistical capacity indicator for SDG monitoring (17.18.1) o5

Represents a change in condition based on this indicator in a
' positive direction between 2000 and 2022 (does not represent
that the SDG target will be achieved).

Represents very little negative or
positive change in this indicator
between 2000 and 2022.

Represents a change in condition
based on this indicator in a negative
direction between 2000 and 2022.

No data is

. available.

Some data is available,
but not enough to analyse
changes over time.



2.1.31

Freshwater- and marine-related ecosystems in
Asia and the Pacific

The region of Asia and the Pacific encompasses the highest
mountain range of the world, the deepest ocean floor, and some of
the most extensive rivers and deltas in the world (IPBES 2018b).
The region is home to about 55 per cent of the global population

— approximately 4.4 billion people (UNDESA 2022a), with less

than 30 per cent of the world'’s internal renewable freshwater
resources, hence making water availability per capita the lowest

in the world (UNEP 2019a). The region has experienced a rapid
urbanization, industrialization and agriculture advancement over
the past 40 years. Its economic growth and social development
have lifted hundreds of millions out of poverty, and enabled many
to have prosperous, productive and healthier lives. Scientific
analysis, however, shows the current approach to development in
the region has a significant cost on health and the environment
(UNEP 2016a). Water-related ecosystems and water resource-
related issues are particularly acute in the region and exacerbated
by climate change (UNEP 2008a; UNEP 2008b; UNEP 2009; UNEP
2011). During the period between June and August 2022, extreme
water-related weather events happened in the region. On the one
hand, torrential monsoon rains caused the most devastating
flooding in Pakistan's recent history, where at least one third of

the country was under water and extreme flooding displaced
some 33 million people and killed more than 1,200 (Mallapaty
2022). On the other hand, a record-breaking drought in China
caused parts of the Yangtze River and its tributaries to dry up, an
economically strategic basin serving more than 400 million people,
disrupting hydropower, agriculture, shipping and factory production
(Government of China 2022).

The region's seas are home to the world's largest expanse of coral
reef, mangroves and seagrass, which underpin its high productivity
and importance for the local communities. Many countries in the
region are major seafood exporters, and hundreds of millions of
people there rely on seafood (UNEP 2076a). More than 84 per cent

of all fishers and fish farmers in the world were located in Asia, over
90 per cent of the global aquaculture production originates from
the region, and four countries are among the top five inland water
capture producers in the world (namely China, India, Bangladesh
and Myanmar), accounting for over 46 per cent of the total inland
water catches in 2020 (FAO 2022b). Plastic waste and pollution
carry wide-ranging environmental and socioeconomic impacts

in the region, damaging marine ecosystems and biodiversity and
ultimately impacting human health and livelihoods (UNEP n.d.a).

2.1.3.2 Data availability and indicator progress

Asia and the Pacific is not on track to achieve any of the SDGs
(UNESCAP 2022), in part because of climate change and the
COVID-19 pandemic. Despite such disruptions to the efforts of
countries and local communities to implement and deliver the
SDGs, there has been meaningful progress in environment-related
data availability. For instance, the percentage of SDG environment-
related indicators with unavailable data or insufficient data to
analyse has decreased from 70 per cent in 2020 to 51 per cent

in 2022 in the Central and Southern Asia subregion (Figure 2.5),
decreased from 65 per cent in 2020 to 50 per cent in 2022 in the
Eastern and South-Eastern Asia subregion (Figure 2.6) and from
64 per cent in 2020 to 54 per cent in 2022 in Oceania (Figure 2.7).
The proportion of SDG environment-related indicators showing
environmental improvement increased in the three subregions to
37 per cent for Central and Southern Asia, 28 per cent for Eastern
and South-Eastern Asia and 25 per cent for Oceania in 2022. The
proportion of indicators showing environmental degradation also
increased from 7 per cent in 2020 to 12 per cent in 2022 for Central
and Southern Asia, from 12 per cent in 2020 to 22 per cent in 2022
for Eastern and South-Eastern Asia, and from 11 per cent in 2020
to 21 per cent in 2022 for Oceania (Figure 2.8).

In 2022, out of the 13 water-related SDG indicators, 46 per cent
of indicators showcased an improvement in environmental
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Figure 2.8 Environment-related SDG indicators data trend, Figure 2.8 Environment-related SDG indicators data trend,
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Eastern and SE Asia . . . i .
conditions, while 8 per cent indicated environmental degradation

and 46 per cent had no data or insufficient data to analyse. On

marine and coastal ecosystem protection, the Pacific small island
developing States and Eastern and South-Eastern Asian countries
have made progress since 2009-2010 with the establishment of
marine/coastal protected areas. The average proportion of marine

50% Key Biodiversity Areas (KBAs) covered by protected areas (SDG

14.5.1) reached 39 per cent, 34 per cent and 27 per cent in Oceania,
Eastern and South-Eastern Asia, and Central and Southern Asia,

respectively. Yet, 6 out of 10 marine-related SDG targets (SDG 14)
lack data to analyse.

28%

No data or ttle change or E Positive trend
insufficient data a negative trend 27



2.1.3.3 Water-related ecosystem conservation policies
and accelerated action as part of the United
Nations Water Action Decade and United Nations
Decade of Ocean Science for Sustainable
Development

Major recent regional water policies in Asia and the Pacific include
the Southern Asia Water Initiative (SAWI) and two strategies
released by the Coordinating Body of the Seas of East Asia
(COBSEA). During its project duration from 2013 to 2021, SAWI
focused on establishing a neutral platform for regional cooperation
concerning major Himalayan river systems in Southern Asia, a
catchment area affecting more than one billion people across
Afghanistan, Bangladesh, Bhutan, China, India, Nepal and Pakistan
(WB 2022a). After completion of the initiative, the Southern Asia
region continues to implement cross-border water and climate
activities funded by the World Bank and other trust funds.

While SAWI provides a platform for joint policymaking on
freshwater in Southern Asia, COBSEA focuses on collective policies
regarding marine waters and integrates the interests of nine East
Asian countries in its East Asian Seas Action Plan. Within its
Strategic Directions 2018—2022, COBSEA delineates activities to
prevent and reduce land-based marine pollution, enhance marine
and coastal planning and management and create regional policy

mechanisms for coastal and marine environments (COBSEA 2018).

Beyond 2022, the Strategic Directions are being prepared to cover
the 2023-2027 period. The Regional Action Plan on Marine Litter
2019 was developed to curb marine pollution by preventing and
reducing marine litter from land- and sea-based sources. It also
includes a pledge to establish a scientific marine litter monitoring
group and outlines a set of future activities undertaken by COBSEA
to support the successful implementation of the regional action
plan (COBSEA 2019).

As part of the Water Action Decade, at the third Asia-Pacific Water
Summit (2017) held in Yangon, Myanmar, 35 state representatives
and non-governmental stakeholders unanimously adopted the
Yangon Declaration: The Pathway Forward (APWS 2018). Hosted
by the Asia-Pacific Water Forum (APWF), signatories of the Yangon
Declaration pledged to take a leading role in the Water Action
Decade. A central announcement was the promise to regionally
double investments in activities that address water-related
disasters and water security (APWF 2017; Ishiwatari and Surjan
2019). In 2022, the participating countries to the fourth Asia-Pacific
Water Summit signed the Kumamoto Declaration, pledging to
enhance their water sectors by improving governance structures,
mobilizing investments and stimulating science and technology
communities to provide innovative solutions to water-related
problems (APWF 2022).

More than one quarter of all projects related to the Decade of
Ocean Science originated from the Asia-Pacific region, and six
National Decade Committees were established, namely Iran,
India, Indonesia, Japan, the Republic of Korea and New Zealand
(UNESCO-I0C 2022a). In 2020, UNESCAP adopted resolution 76/1
(UN-ESC 2020) on “Strengthening cooperation to promote the
conservation and sustainable use of the oceans, seas and marine
resources for sustainable development in Asia and the Pacific”
and developed a Regional Decade Programme for the region in
cooperation with other United Nations agencies to support the
implementation of the Decade of Ocean Science (UNESCAP
2021a).

2.1.3.4 Remaining gaps

In both quality and quantity, water in Asia and the Pacific is under
threat (ADB 2020a). Acute water issues are not only attributable
(to a lesser extent) to an actual low quantity in general, but more
to weak water governance in the region (OECD 2021). Therefore,



bridging the gaps in integrated water resources management as
policy framework in Asia-Pacific through more effective, gender-
responsive governance and better management practices is
essential. To address acute water issues, an integrated approach
that embeds gender equality and human rights with tackling the
interrelated triple planetary crisis is needed.

New and innovative water financing mechanisms with participation
of development partners and private sector are still lacking in the
region (ADB 2020a). It was not until recently (November 2022)
that the Asian Development Bank announced USS 200 million to
support programmes targeting water and sanitation resilience

in the region (ADB 2022). Countries need to invest in such water
financing mechanisms through policy guidelines, financial support
and market incentives. Effective engagement of development
partners and the private sector in both development and
implementation of the new water financing mechanisms is key to
the successes and sustainability of the mechanisms.
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Management practices in the region require enhancement

(OECD 2021). Practices of special concern include accords

on transboundary water bodies, as these agreements not only
effectively govern shared water resources, but also act as
platforms for water diplomacy (OECD 2021). Adding to such
cooperation are regional cooperation mechanisms for the
conservation of marine and coastal environments, for instance the
Regional Seas Programme.

In addition, the lack of timely and credible water resource

data across Asia and the Pacific is a key barrier to effective
policymaking (OECD 2027; UNESCAP 2020). To address this
challenge, countries need to improve water data availability and
quality to support evidence-based policymaking.



Measuring progress: Water-related ecosystems and the SDGs

2.1.4 Europe and Northern America: Regional progress on the environmental dimension and state of the
environment indicators of the SDGs

Figure 2.9 Scorecard on the environmental dimension of the SDGs in Europe

SDG 1: END POVERTY

M_ Land tenure (1.4.2)

Disasters: persons affected (1.5.1)
Disasters: economic loss (1.5.2)
Disaster risk reduction strategies (1.5.3)

(1.5.4)

Disaster risk reduction strategies for local government

SDG 2: FOOD SECURITY

= @® Sustainable agricultural practices (2.4.1)
SS98-—@ secure genetic resources for food (2.5.1)
@ Local breeds for agriculture (2.5.2)

SDG 3: HEALTH

@ Air pollution mortality (3.9.1)
® Water-related mortality (3.9.2)

@ Unintentional poisoning (3.9.3)

SDG 4: EDUCATION

M. Education for sustainable development (4.7.1)

SDG 5: GENDER
@® Women agricultural land owners (5.a.1)

SDG 6: WATER
Safe drinking water (6.1.1)

Wastewater treatment (6.3.1)

Water quality (6.3.2)

Water efficiency (6.4.1)

Water stress (6.4.2)

Water resource management (6.5.1)
Water cooperation (6.5.2)

Water-related ecosystems (6.6.1)
Investment in water and sanitation (6.a.1)
Local water management (6.b.1)

Handwashing facilities with soap and water (6.2.1)

SDG 7: ENERGY

JE=all— @ Reliance on clean fuels (7.1.2)

Renewable energy (7.2.1)

Energy intensity (7.3.1)

Clean energy research and technology (7.a.1)
Renewable energy-generating capacity (7.b.1)

SDG 8: DECENT WORK AND ECONOMIC GROWTH
@ Material footprint (8.4.1)
@ Domestic material consumption (8.4.2)

SDG 9: INDUSTRY, INNOVATION AND INFRASTRUCTURE

—® CO, emissions (9.4.1)

SDG 10: REDUCED INEQUALITIES

in Goal 10

The environmental dimension is not represented

SDG 11: CITIES AND COMMUNITIES

P @® Access to public transport (11.2.1)
ﬁEéH ® Land consumption (11.3.1)
@ Urban planning (11.3.2)

Disasters: persons affected (11.5.1)
Disasters: economic loss (11.5.2)

Urban solid waste management (11.6.1)
Ambient air pollution (11.6.2)

Public land in cities (11.7.1)

@ Disaster risk reduction strategies (11.b.2)

Investment in cultural and natural heritage (11.4.1)

Disaster risk reduction for local government (11.b.1)

SDG 12: RESPONSIBLE LIFESTYLES

Action plans for sustainability (12.1.1)
Material footprint (12.2.1)

Domestic material consumption (12.2.2)
Food loss (12.3.1a) and Food waste (12.3.1b)

conventions (12.4.1)

Hazardous waste generation (12.4.2)

Recycling (12.5.1)

Corporate sustainability reporting (12.6.1)
Sustainable public procurement (12.7.1)
Education for sustainable development (12.8.1)
Research for sustainable lifestyles (12.a.1)
Sustainable tourism strategies (12.b.1)

Fossil fuel subsidies (12.c.1)

Information transmitted under chemicals and waste

SDG 13: CLIMATE ACTION

1 @ Disasters: persons affected (13.1.1)
L& Y @ Disaster risk reduction strategies (13.1.2)

@ Disaster risk reduction for local government (13.1.3)

@ Climate change action plans (13.2.1)

@ Greenhouse gas emissions (13.2.2)

@ Education for sustainable development (13.3.1)

@ Resources mobilized for climate action (13.a.1)

@ Climate action support for least developed countries (13.b.1)

SDG 14: OCEANS

@ Marine pollution and coastal eutrophication (14.1.1)
g_ Management of marine areas (14.2.1)
Ocean acidification (14.3.1)
Sustainable fish stocks (14.4.1)
Marine protected areas (14.5.1)
Fishing regulation (14.6.1)

Sustainable fisheries in small island developing States
and least developed countries (14.7.1)

Scientific knowledge, research capacity and transfer of
marine technology (14.a.1)

@ Instruments for conservation and sustainable use of
oceans and their resources (14.c.1)

SDG 15: LAND AND BIODIVERSITY

E— Forest area (15.1.1)

@ Protection of key biodiversity areas (15.1.2)

@ Forest area annual net change rate (15.2.1)

@ Land degradation (15.3.1)

@ Mountain protected areas (15.4.1)

@ Mountain green cover (15.4.2)

@ Endangered species (15.5.1)

@ Strategies for sharing biodiversity benefits (15.6.1)

@ Trade in poached or illicitly trafficked wildlife (15.7.1)
@ Strategies for preventing invasive alien species (15.8.1)
@ Progress towards Aichi Biodiversity Target 2 (15.9.1)

@ Investment in biodiversity and ecosystems (15.a.1)

@ Investment in sustainable forests (15.b.1)

@ Protection against poaching, trafficking and trade (15.c.1)

SDG 16: PEACE AND JUSTICE

The environmental dimension is not represented
in Goal 16

SDG 17: PARTNERSHIPS AND MEANS OF IMPLEMENTATION

Funding for environmentally sound technologies (17.7.1)
Funding for capacity-building (17.9.1)

Mechanisms enhancing policy coherence (17.14.1)
Progress in multi-stakeholders monitoring

frameworks (17.16.1)

Statistical capacity indicator for SDG monitoring (17.18.1)

Represents a change in condition based on this indicator in a
. positive direction between 2000 and 2022 (does not represent

that the SDG target will be achieved).

Represents very little negative or
positive change in this indicator
between 2000 and 2022

Represents a change in condition
based on this indicator in a negative
direction between 2000 and 2022.

Some data is available, No data is
but not enough to analyse . available.
changes over time.
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Figure 2.10 Scorecard on the environmental dimension of the SDGs in Northern America
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oceans and their resources (14.c.1)
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Forest area (15.1.1)

Represents a change in condition based on this indicator in a
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@ Climate change action plans (13.2.1)
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positive change in this indicator
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. available.

Some data is available,
but not enough to analyse
changes over time.



2.1.4.1 Freshwater- and marine-related ecosystems in

Europe

Europe hosts a diverse range of freshwater and marine biomes,
including groundwater, lakes and rivers, transitional waters, coastal
waters and territorial waters. In the region, around 92 per cent

of countries have more than 80 per cent of their water bodies at
‘good ambient water quality” (UNSD 2022a; UNSD 2022b). Within
the stricter definitions of the European Union (EU), the region

has shown little overall improvement since measuring for the
Water Framework Directive (WFD) commenced in 2009. Forty

per cent of EU surface waters are ranked as “good” ecological
quality according to the latest assessment report, released in
2015, well below the 2027 WFD goal of 100 per cent (European
Environment Agency [EEA] 2021a). However, individual elements
have improved across Europe in recent decades, such as recovery
from acidification mostly due to reductions in sulfur emissions
(NIVA 2020), with corresponding improvements in aquatic
ecologies. Thirty-eight per cent of EU surface waters are ranked
by WFD as having a “good” chemical status (EEA 2022). Overall, in
the last decade, the industrial water discharged — including heavy
metals, phosphorus and nitrogen — decreased as economic value
increased, in accordance with EU industrial development plans.

A state-level focus showcases discrepancies between countries,
with some countries having increased water discharged with heavy
metal contents by over 20 per cent compared with 2010 levels
(EEA 2022).

Water abstraction is currently decoupled from economic

growth in Europe. Between 2000 and 2017, water abstraction
decreased by 17 per cent while the total gross value added from
all economic sectors increased by 59 per cent, compared with a
water abstraction reduction target of 20 per cent by 2020 (EEA
2019). Over half of abstracted water is used by agriculture, forestry
and fishing, predominantly in southern Europe. Daily per capita
water supply used has also declined by 16 per cent, largely due to
improvements in conveyance systems (EEA 2018).

Despite reductions in water consumption, water scarcity has
increased in the region, reducing available freshwater resources.
This trend is particularly pronounced in southern countries, where
more than half the population now lives in near permanent water
scarcity. Rising climate-induced drought and flood frequencies
are likely to further decrease freshwater resources in the future
(EEA 2022). In response to water scarcity, efforts have focused on
increasing supply and decreasing demand, typically via reservoir
and dam construction, but also via saltwater desalination and the
transference of water from other river basins. All these methods
have ecological consequences — rerouting and damming rivers
fragments their connectivity, while desalination is energy intensive
and produces environmentally risky by-products (EEA 2022).

Connected to the Atlantic Ocean, Pacific Ocean, the Mediterranean
Sea and the Arctic Ocean, the European region is home to a wide
range of diverse marine-related ecosystems, from warm waters to
polar seas. Climate change impacts marine-related ecosystems,
notably coastal fringes and low-lying areas through submergence.
Flooding and erosion are increasingly relevant in the region due

to more frequent storms, sea level rise, ocean acidification and
eutrophication (UNEP 2017a). Further, the use of Europe’s seas is
harming the condition of marine-related ecosystems, by changing
the composition of marine species and their habitats as well as
the overall physical and chemical characteristics of the sea (EEA
2021b). In the EU alone, the marine environment provides 6.1
million jobs and EUR 467 billion in gross value added (EC 2021a),
despite rather low global shares of total marine catch, aquaculture
production and inland catchments (FAQ 2022b).

2.1.4.2 Data availability and indicator progress

Europe’s data availability for the 92 environment-related SDG
indicators slightly improved since 2020. Fifty-five per cent of
indicators lacked data or had insufficient data to analyse in 2022
compared with 63 per cent in 2020 (Figure 2.9); 28 per cent of



Figure 2.11 Environment-related SDG indicators data trend,
Europe

Europe
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indicators showed environmental improvement in 2022 compared
with 26 per cent in 2020; and 16 per cent indicated environmental
degradation in 2022 compared with 11 per cent in 2020 (Figure
2.17).

Freshwater use has improved in efficiency (SDG indicator 6.4.1)
and management implementation (SDG indicator 6.5.1) over

the past five years, but water stress (SDG indicator 6.4.2) has
also increased. Pre-2015 data on these indicators are limited.
Freshwater quality and protection (SDG indicators 6.3.2 and
15.1.2b) has improved over the last two decades, with permanent
freshwater area (SDG indicator 6.6.1) remaining stable. Marine
quality and protection (SDG indicators 14.1.1a and 14.5.1) have
slightly decreased and improved, respectively, over the last two
decades. Fishery management (SDG indicators 14.6.1, 14.7.1 and
14.b.1) also improved in recent years, but data on these indicators
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remain limited. In addition, 56 per cent of marine-related SDG
indicators lack data or have insufficient data to analyse.

Human water and sanitation services (SDG indicators 1.4.1,
3.9.2,4.a.1,6.1.1 and 6.a.1) are generally well recorded and have
remained of high quality, with 60 per cent of indicators improving
from 2000 to 2020. The mortality rate attributed to exposure to
unsafe WASH services (SDG indicator 3.9.2) remains the lowest of
the World Health Organization regions, but data limitations prevent
analysis of this indicator’s current trends.

2.1.4.3 Water-related ecosystem conservation policies
and accelerated action as part of the United
Nations Water Action Decade and United Nations
Decade of Ocean Science in Europe

As in other sectors, the COVID-19 pandemic provided a bittersweet
opportunity to re-evaluate existing systems (Fosse, Kosmas

and Gonzalez 2021; EEA-UNEP/MAP 2020) and thus identify
opportunities to accelerate aquatic ecosystem protections and
restorations. While the EU Biodiversity Strategy for 2030 includes
an expansion of protected EU sea regions to 30 per cent (European
Commission [EC] 2021b), with the EU recovery plan allocating an
additional EUR 19 billion to natural resources and the environment
(EC 2020), few recovery plans were implemented so far. With
recovery now under way, time will tell more fully whether this
unique opportunity to rebuild in new directions was seized or not.

Transboundary management of shared rivers, lakes and aquifers

remains a potential source of political tension in the pan-European

region, where only 20 countries have all shared waters covered

by such arrangements. With water stressors, floods and drought

periods likely to increase in the future, collaboration on shared

resources remains a priority to avoid deterioration of political
relationships and to ensure efficient management of river basins as
whole entities (Baranyai 2019). 33



With both the Water Action Decade (2018-2028) and the Decade
of Ocean Science (2021-2030) under way, water health and
biodiversity remain in the spotlight for the international community.
For the Decade of Ocean Science, 115 out of 294 Decade Actions
have been announced in the European region, including projects
dedicated to cleaning up pollution, improving data collection and
filling knowledge gaps (UNESCO-IOC 2022d). On the other hand, as
a build-up to the United Nations 2023 Water Conference, which is

a milestone for the Decade on Water Action, the second Dushanbe
Water Action Decade Conference's final declaration proclaimed
2025 the International Year of Glaciers’ Preservation and called for
strengthening of transboundary cooperation, accelerated action in
achieving the SDGs and the development of a Water Action Agenda
mechanism to collate and accelerate all voluntary commitments at
the 2023 Conference (Dushanbe Water Process 2022).

2.1.4.4 Remaining gaps

The wide range of climates, heterogeneous environments and the
diverse national settings in the region consisting of 54 countries
make it difficult to identify gaps that are over-grasping and relevant
for all countries within the region (UNECE n.d.). Consequently,
policies and procedures addressing the water realm need to be
designed to deal with local conditions. While Europe is largely
considered advanced in its water conservation efforts, water
scarcity, drought, flooding and impacts from sea level rise are an
increasingly widespread phenomenon in the region.

Several gaps related to water governance in Europe remain. While
an integrative and multilevel water governance approach is in place,
many countries in Europe still struggle to achieve good ecological
status of their waters (Rowbottom et al. 2022). Additionally,
involvement of local coommunities and stakeholders in water
management in the region are often opaque and not transparent
which results in a lack of buy-in and ownership of water
management initiatives (Feldman 2022). As a result, fragmented

responsibilities divided between different levels of government

and various sectors lead to conflicting policies and a lack of
coordination among relevant stakeholders (Wang, van Rijswick

and Dai 2022d). Lastly, there is still a need for greater investment

in water infrastructure, including improvements to treatment
facilities and distribution networks, to ensure that clean and reliable
water is available to all Europeans to reduce inequalities in access
(Suréwka, Poptawski and Fidlerova 2021).

2.1.4.5 Freshwater and marine-related ecosystems in
Northern America

The Northern America region is heterogeneous in its stress

on water resources and ecosystems, as population-dense
metropolitan areas are in both water-scarce and water-abundant
areas. Northern America encompasses a large number of
water-related ecosystems such as vegetated wetlands, rivers,
lakes, reservoirs and groundwater, as well as those occurring

in mountains and forests, which play a special role in storing
freshwater and maintaining water quality. With large freshwater-
related ecosystems such as the Great Lakes and the Mississippi
River, the region is home to more lakes than any other region in the
world. The six hydrological continental systems, which produce
seven principal drainage basins, all face specific challenges, but
climate change, nutrient pollution and invasive species remain the
dominant threats to freshwater- and marine-related ecosystems.

In Canada, around 12 per cent of freshwater plants and animals
are thought to be at risk and another 18 per cent are of special
concern (Desforges et al. 2022). Similarly, freshwater biodiversity

is imperilled in the United States of America, with 69 per cent

of freshwater mussels, 51 per cent of crayfish, 43 per cent of
stoneflies, 36 per cent of amphibians and 37 per cent of freshwater
fish being at risk (Carpenter, Stanley and Vander Zanden 2011). The
principal threats are climate change, land-use change, chemical
inputs, invasive species and resource harvesting, with many rivers



being influenced by all factors. Climate change is expected to

alter freshwater biodiversity and resources throughout Northern
America. For example, the Colorado River represents the most
overallocated river in the world (Castle et al. 2014), and future
climate scenarios note that the already dwindling resource used for
drinking water, industry, fisheries and irrigation will further diminish
(Udall and Overpeck 2017).

Northern America sees some of the highest per capita use of
freshwater in the world (FAO n.d.), which places considerable
stress on the region’s freshwater-related ecosystems. For the
United States of America, around 70 per cent of the freshwater
used originates from surface waters, and the remaining 30 per
cent from groundwater (Dieter et al. 2018). For Canada, over 95
per cent of all water used originates from surface waters, and the
remaining 5 per cent from groundwater (Statistics Canada 2017a).
For both countries, groundwater provides around 30 per cent of
potable water for domestic use, reaching up to 80—90 per cent of
potable water for some states and provinces (Dieter et al. 2018;
Statistics Canada 2021; Statistics Canada 2017b). Throughout
both countries, industrial uses of freshwater far outweigh domestic
uses, with thermo-electric power generation, irrigation and

other industrial uses accounting for around 90 per cent of total
freshwater use.

Coastal ecosystems in Northern America provide fisheries
production, coastal protection, carbon sequestration and water
quality enhancement along with other ecosystem services that
make them extremely valuable (Costanza et al. 2014). However,
these ecosystems, along with the ocean surface, deep sea and
sea floor habitats, are severely threatened by sea level rise, climate
change, nutrient pollution, ocean acidification and habitat loss
(Cooley et al. 2022). Coral reefs near the Florida Keys have been
in consistent decline for 50 years, with significant reductions

in total area and taxonomic richness (Gil-Agudelo et al. 2020).
Coastal ecosystems that depend on vertical accretion, such as
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salt marshes, are expected to sharply decline due to sea level rise
(Saintilan et al. 2022). Arctic ecosystems are also considerably
vulnerable to ecological transformations resulting from the
unprecedented warming in the region (Constable et al. 2022).

2.1.4.6 Data availability and indicator progress

Of the 92 environment-related SDG indicators, Northern America’s
data indicate that 25 per cent of indicators show environmental
improvement in 2022 compared with 16 per cent in 2020 (Figure
2.8), and 16 per cent indicate environmental deterioration in 2022
compared with 23 per cent in 2020, while the rest of the SDG
indicators lack data or have insufficient data to analyse (Figure
2.12).

Figure 2.12 Environment-related SDG indicators data trend,
Northern America
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Northern America’s freshwater-related ecosystems have increased
in size and become more protected since 2000 as shown by

the indicators tracked. The proportion of total land area that
comprises permanent lakes and rivers has increased by 5 per

cent (SDG indicator 6.6.1) (UNSD 2022b). Only 58 per cent of
Northern American water bodies currently have good ambient
water quality (SDG indicator 6.3.2) (UNSD 2022b). Despite this,
freshwater-related ecosystems have become better protected,
with the proportion of key freshwater biodiversity areas covered by
protected areas increasing from 20 per cent in 2000 to almost 26
per cent in 2021 (SDG indicator 15.1.2a) (UNSD 2022b). The use
of freshwater continues to be well regulated for public health, with
100 per cent of the population having basic sanitation services
(SDG indicator 1.4.1), 97 per cent using safely managed drinking
water services in 2020 (up from 95 per cent in 2005) (SDG indicator
6.1.1) and few deaths attributed to unsafe water (two deaths per
100,000) (SDG indicator 3.9.2) (UNSD 2022b). Although water-use
efficiency has increased — by 8 per cent from 2015 to 2019 (SDG
indicator 6.4.1) — water stress, a critical indicator that highlights the
demand of a region exceeding the amount of water available, has
stayed stagnant since 2015 at around 20 per cent (SDG indicator
6.4.2) (UNSD 2022b).

Northern America reported data for 7 of the 10 indicators that
directly concern marine-related ecosystems. The proportion of key
marine biodiversity areas covered by protected areas has seen a
considerable increase (SDG indicator 14.5.1) from 28 per cent in
2000 to 34 per cent in 2021 (UNSD 2022b). Although protection
varies between countries, Northern America has seemingly
achieved the goal of 30 per cent of marine areas becoming
marine protected areas and seen an increase in funds allocated
to research in the field of marine technology. With only one data
point, the proportion of fish stocks within biologically sustainable
levels lies at 77 per cent (SDG indicator 14.4.1), although Canada
reports that 94 per cent of their fish stocks are currently at
sustainable levels (UNSD 2022b). Coastal eutrophication (SDG

indicator 14.1.1a) has increased from 5.25 per cent in 2005 to 6.1
per cent in 2021 (UNSD 2022b), indicating a moderate increase
in nutrient pollution. Although there has been some success in
reducing eutrophication in some areas (e.g., Tampa Bay, Florida),
two of the largest estuaries in Northern America, the Chesapeake
Bay and the St. Lawrence River Estuary, continue to experience
high nutrient loads (Boesch 2019). Finally, although there is only
one data point for both indicators, the degree of implementation
of the instruments to combat illegal and unregulated fishing is
very high (5 out of 5) (SDG indicator 14.6.1) and the degree of
implementation of the institutional, policy and legislative framework
that countries provide to protect local fisheries and fishermen is
also high (4 out of 5) (SDG indicator 14.b.1) (UNSD 2022b).

2.1.4.7 Water-related ecosystem conservation policies
and accelerated action as part of the Water Action
Decade and Decade of Ocean Science in Northern
America

For over 100 years, the United States of America and Canada
developed environmental treaties and agreements together, as
well as environmental partnerships at all levels of governments,

to cover the 40 per cent of shared water border between the two
countries. The first international treaty regarding the regulation

of water quantity and quality was the Boundary Waters Treaty of
1909. It established the International Joint Commission, which
has many advisory boards to aid in the regulation of old and

new treaties in international water subtopic concerns. One such
agreement is the Great Lakes Water Quality Agreement, which has
led to palpable benefits in the health of the Great Lakes Ecosystem
(Hartig, Krantzberg and Alsip 2020) and is signed by both countries.
Its 2012 amendment focused on reducing 29 toxic pollutants
alongside addressing invasive species, habitat and species

loss, eutrophication and climate change impacts. In addition, all
major rivers shared are regulated through large-scale acts such

as the International Rivers Improvement Act which, alongside



the North American Wetlands Conservation Act, regulates the
construction, operation and management of river improvements
and the subsequent ecosystems within them. These international
environmental agreements have helped alleviate issues regarding
water-related ecosystems and resources and have both prioritized
water protections by internationally aiming to conserve 30 per cent
of lands and waters within their countries by 2030.

At the federal level, the Canada Water Act 1970 provides the
framework for cooperation between the country’s provinces and
territories in the conservation, development and use of its water
resources. Canada has also enforced the Canadian Environmental
Protection Act 1999, which addresses pollution, protection of

the environment and human health to contribute to sustainable
development. The Fisheries Act, one of the oldest and most
important federal laws for preventing water pollution, improves
the protection of fisheries and their ecosystems by prohibiting

the release of harmful substances to Canadian waters unless
controlled by regulation. In June 2019, changes to the Fisheries
Act were made to ensure stronger protections that aid in the
sustainability of Canada’s fish and fish habitat. The Canadian
Navigable Waters Act requires approval of any work that could
intervene with any navigable Canadian waters. Canadian legislation
also addresses water and ecosystem protection in territories
shared with Indigenous people, through the Safe Drinking Water
for First Nations Act (2013). It has since been repealed with a new
piece of legislation aiming to be introduced in December 2022
through consultations with First Nations. The Arctic Water Pollution
Prevention Act (1985) stipulates a “zero discharge” act and aids

in marine protection and the maintenance of the traditional ways
of life of the First Nations, known advocates for environmental
preservation.

In the United States of America, the Clean Water Act (1972) aimed
to restore and maintain the chemical, physical and biological
integrity of waters and regulate the discharge of pollutants into
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the country’s waters. The National Environmental Policy Act 1970
requires federal agencies to assess the environmental effects of
proposed actions prior to making decisions, which is instrumental
in ensuring cohesive and substantial water and ecosystem
protection. The Endangered Species Act, another cornerstone of
environmental legislation, ensures protection for fish, wildlife and
plants listed as threatened or endangered. Other crucial pieces of
legislation focus on specific area protection, including the Coastal
Zone Management Act, the Rivers and Harbors Appropriation Act,
the National Marine Sanctuaries Act and the Coastal Wetlands
Planning, Protection and Restoration Act. Such water and marine-
focused acts do not negate the function of broader acts targeting
climate change mitigation and resilience (of which ecosystem and
water conservation are likely by-products) in both countries.

Northern America has heeded the calls to action for the Water
Action Decade and Decade of Ocean Science. Canada and the
United States of America have committed funds and resources
directly to the Decades of Action. Both countries have established
National Decade Committees and have set comprehensive goals
for the Ocean Decade, which include leading several worldwide
initiatives. For instance, in the United States of America, the
National Oceanic and Atmospheric Administration (NOAA) works
on science for the sustainable use of ocean resources for a healthy
blue economy, food production and societal benefits. The NOAA
Ocean and Coastal Council oversees participation in the Ocean
Decade and is joined by more than 20 additional federal agencies
through the Interagency Working Group on the Ocean Decade. In
addition, the Environmental Protection Agency (EPA) of America
has submitted the Ocean Dumping Management Program, which is
awaiting endorsement as a Decade of Ocean Science programme.
In Canada, in November 2018, the Minister of Fisheries, Oceans
and the Canadian Coast Guard offered Canada’s support for the
Ocean Decade, announcing an investment of up to USS 9.5 million.
Engagement in the Ocean Decade aligns with Canada’s plans

to advance its blue economy strategy and commitments for a 37
sustainable ocean economy.



Measuring progress: Water-related ecosystems and the SDGs

2.1.4.8 Remaining gaps

Northern America has made a commendable effort to update
several SDG indicators since the last Measuring Progress report
(2021). SDG 14, which only had one indicator reported, has now
expanded to include four indicators, providing several years of data,
three of which are being reported for the first time. However, the
use of heterogeneous tools, methodologies and sampling sites in
both countries continues to disrupt official reporting.

Using internal data, Canada and the United States of America can
still fill several gaps. For example, the National Coastal Condition
Assessment of America (NCCA) (Environment Protection Agency
[EPA] n.d.) monitors the ecological condition of estuarine and Great
Lakes near shore waters, providing a source of data that could be
used to guide management actions towards improved resilience

and restoration of healthy and productive oceans (SDG target
14.2). The NCCA is involved in microplastics research projects and
monitors nutrients and other contaminants resulting from land-
based activities (SDG target 14.1) as well as research on ocean
acidification field methods and can provide information about
marine acidity (SDG target 14.3). Additionally, the National Aquatic
Resource Surveys, which is the umbrella programme including

the NCCA, have sampled data for freshwater ecosystems (lakes,
reservoirs, rivers, streams and wetlands) which could be used to
report on the status of freshwater body extent. The Water Quality
Portal of America (WQP n.d.), which combines data from over 400
federal, state and local organizations, may be used to inform issues
such as marine acidity. Similarly, Canada’s National Long-term
Water Quality Monitoring Data portal measures multiple physical
and chemical parameters of water quality at sampling sites
throughout the nation.

© Unsplash/Jeremy Bishop
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2.1.5 Latin America and the Caribbean: Regional progress on the environmental dimension and state of the
environment indicators of the SDGs

Figure 2.13 Scorecard on the environmental dimension of the SDGs in Latin America and the Caribbean
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2.1.5.1 Freshwater- and marine-related ecosystems in

Latin America and the Caribbean

Although the freshwater reserves of Latin America and the
Caribbean (LAC) are unevenly distributed across the region’s 33
countries, they are the largest in the world. The ecosystems here
play a key role in geochemical cycles, ecological processes and
socioeconomic activities. For this reason, their rapid disappearance
implies a high rate of loss in biodiversity and ecosystem services.
Among the most affected natural environments are wetlands,
where water quality and availability are impacted by a series

of environmental stressors, including increasing urbanization,
agricultural expansion and deforestation. Despite their relevance,
wetlands in the region exhibit the most severe deterioration status
(Mclnnes et al. 2020); the greatest reduction in the last 50 years
has occurred in the LAC region, which has lost an estimated 59 per
cent of wetland surface area (Alonso 2020).

In addition, rising temperatures directly impact the tropical glaciers
of the Andes, which provide more than 80 per cent of the water for
the populations and ecosystems of the semi-arid tropical regions.
Their accelerated melting generates uncertainty and concern about
the long-term sustainability of water use and supply for these
regions so vulnerable to climate change.

Pollution also threatens surface water habitats, which is home to
10 per cent of all known species and where 55 per cent of all fish
rely on freshwater-related ecosystems for their survival. UNEP
research shows that around one third of all rivers in Latin America
(and Asia and Africa) suffer from severe pathogenic pollution
(UNEP 2022a). Concentrations of fecal coliform bacteria, for
instance, is estimated to affect around a quarter of Latin American
river stretches, and there's an increasing trend of concern since
bacterial levels increased to a severe level or were at a severe level
in 1990 and worsened in the following decades. Water streams are
facing a critical threat of heavy metal pollution, associated with
mining and its intensive water use.

Twenty-seven per cent of the LAC population live in coastal areas;
23 of the region’s 33 countries have more marine than terrestrial
territory. For 18 of these countries, the area of its exclusive economic
zone exceeds 75 per cent of their total territory (UNEP 2016b; United
Nations Economic Commission for Latin America and the Caribbean
[UNECLAC] 2020). For 22 countries in the region, the sea represents
60 per cent or more of their sovereign territory (UNEP 2016b;
UNECLAC 2020). The LAC region treasures the second largest
barrier reef in the world, 47 of the 258 global marine ecoregions
(UNECLAC 2020) and has 10 of the 66 large marine ecosystems

of the world (LME 2022). According to the Intergovernmental

Panel on Climate Change, the ocean is projected to transition to
unprecedented conditions over the twenty-first century due to
several factors expected to increase the complexity of impacts and
the vulnerability of the LAC's socioeconomic and ecological systems.
The increasing frequency of extreme events makes these threats
particularly important for the small island developing countries of
the Caribbean (UNECLAC 2020). The impacts of climate change

on fishing areas range from the abnormal presence of sargassum

in the Caribbean and negative effects on fisheries in the south-

east Atlantic, to changes in the favourable conditions for fisheries
affected by the Peru (Humboldt) Current, coral bleaching, more
frequent flooding events and mangrove and coastal degradation.

2.1.5.2 Data availability and indicator progress

Measuring regional progress towards environment-related targets
and SDGs in general presents several obstacles, two of which prove
especially challenging in LAC: the heterogeneity of definitions and
insufficiency (or absence) of information or reliable data sources.
According to data from the SDG Indicators Database, the LAC's
region data availability has greatly improved since 2020, with a
decrease in SDG indicators having no data or insufficient data from
60 per cent to 45 per cent in 2022 (Figure 2.13). The proportion of
SDG indicators showing environmental improvement increased
from 28 per cent in 2020 to 39 per cent in 2022, while the proportion



Figure 2.14 Environment-related SDG indicators data trend, Latin
America and the Caribbean
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of indicators showing environmental degradation increased from 12
per cent in 2020 to 16 per cent in 2022 (Figure 2.14).

Three categories can be identified in relation to the freshwater-

and marine-related SDG indicators. The first category includes
freshwater-related ecosystems (SDG indicators 6.3.2,6.4.2,6.5.1,
6.5.2,6.6.1 and 15.1.2) where all indicators possess enough data
to analyse, and five out of the six indicators showing environmental
improvement in 2022 compared with 2020. The second category
includes SDG indicators identified as human uses and activities
(SDG indicators 1.4.1,3.9.2,4.a.1,6.1.1,6.2.1,6.3.1,6.4.1 and 6.a.1)
in the LAC region. Their improvement can be evaluated for basic
health and infrastructure services: the South America subregion
exhibits the highest values, followed by Central America and the
Caribbean. Insufficient financing seems to be the main constraint,
observed especially in the slow progress of flattened curves
observed for those indicators related to costly infrastructure, such
as wastewater treatment or water-use efficiency.
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On the other hand, the situation is different for the third category
that covers marine and coastal ecosystems (SDG indicators
14.1.1a,14.5.1,14.6.1,14.7.1,14.a.1 and 14.b.1), where indicators
possessing enough data to analyse increased from 11 per cent

in 2020 to 44 per cent in 2022. Yet, equal proportions (22 per
cent) are recorded for the remaining indicators, indicating mixed
environmental situation for the region.

2.1.5.3 Water-related ecosystem conservation policies
and accelerated action as part of the Water
Action Decade and Decade of Ocean Science for
Sustainable Development

Many conservation initiatives and policies were adopted and
implemented in LAC countries. For instance, initiatives related to
the development of monitoring and information systems were
implemented in Antigua and Barbuda, Argentina, Brazil, Costa Rica,
Mexico, Panama and Peru. National plans and strategies for the
implementation of integrated water resources management and
regulations on water quality standards were adopted in Antigua
and Barbuda, Barbados, Belize, Brazil, Chile, Colombia, Costa Rica,
Dominican Republic, El Salvador, Mexico, Paraguay and Peru.

Three LAC countries committed to actively participate in the Water
Action Decade. Next to outlining national water policies, Brazil, El
Salvador and Paraguay used their country statements to stress the
importance of regional cooperation, their determination to improve
access to sanitation and the relevance of water management for
disaster risk reduction (UN-Water n.d.). In addition, UNECLAC led
three region-wide initiatives to accelerate the achievement of SDG
6 on a regional level: (a) the Annual Water Dialogues 2022, used

as a platform to collect inputs from UNECLAC member States

for the midterm review of the Water Action Decade in 2023; (b)

the consolidation of a regional water expert group including 20
institutions combining efforts to promote the achievement of

SDG 6 and (c) online consultations of stakeholders from 24 LAC 41
countries aiming to identify major regional topics for the United



Nations 2023 Water Conference. Results show that strengthening
water governance, ensuring access and affordability of water

and sanitation and preserving water-related ecosystems through
nature-based solutions rank highest on the regional water agenda
(UNECLAC 2022).

The LAC region accounts for 10 per cent of all Decade of Ocean
Science projects and hosts four National Decade Committees
(UNESCO-I0C 2022a). In addition, UNECLAC published a special
report providing in-depth information on the progress of SDG 14

in the region and offering a range of policy recommendations to
UNECLAC member States, including a call to take advantage of
the Ocean Decade to create a momentum to advance marine and
ocean research and establish research and monitoring networks
(UNECLAC 2020). To support policy and decision makers, countries
are developing national source inventories and national action
plans on marine litter and plastic pollution. Examples from the LAC
region are Saint Lucia and Mexico, which have developed reports
on the national source inventory (NSI) and national action plan
(NAP) in 2022. NSl reports provided information on sources of
plastic waste and pollution and support NAPs to propose specific
actions for strengthening waste management policies, clean-up
campaigns and partnerships.

2.1.5.4 Remaining gaps

Freshwater-related ecosystems and the water-associated
economic sectors likely show more management challenges and
governance gaps than any other natural resource, as water is a key
environmental component but also a human right and economic
asset. Progress in implementing effective integrated water policies
varies in and between LAC countries. The institutional and territorial
fragmentation of stakeholders and competences, in addition to the
mismatch between administrative units and hydrological basins,
generates policy gaps, which are followed by accountability and
funding gaps (OECD 2012).

The intrinsic multilevel, uncoordinated governance of water
resources often results in silo-approaches, which in turn

explain the information and capacity gaps observed in most

LAC countries (OECD 2012). This cause-effect succession
frequently ends up closing a circle, where the lack of information
undermines communities (at all levels) in coordinating efforts to
effectively manage water resources and design integrated and
coherent water policies. All these factors are exacerbated by the
forecasts suggesting an increase in urbanization, which is both
an opportunity for sustainable development and an economic,
social and environmental challenge, since its accelerated rhythm
raises complex territorial effects (OECD 2022). The scenario of a
rapid, unplanned urban growth, along with the context of periodic
fluctuations in economy, and the contribution of water-dependent
activities (e.g. agriculture and mining) in regional GDP, explains
why territorial planning and budgetary weaknesses are reflected
so clearly in the scarcity of information related to water- and
freshwater-related ecosystems monitoring.

The large area of national marine territories and severe budgetary
constraints to carry out research, monitoring and patrolling
activities are a fraction of the challenges faced in the region.
Increased cross-sectoral cooperation, both within and between
countries, will be needed to develop robust, reliable and sustained
monitoring databases for marine data and information (UNECLAC
2020). In addition, the nature of oceanic processes requires a set
of systematic, comparable international indicators capable of
monitoring pressures, identifying trends in the state of marine-
related ecosystems and assessing the effectiveness of policies and
resource-use practices.
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2.1.6 Northern Africa and Western Asia: Regional progress on the environmental dimension and state of the
environment indicators of the SDGs

Figure 2.15 Scorecard on the environmental dimension of the SDGs in Northern Africa

SDG 1: END POVERTY

@ Land tenure (1.4.2)
W Disasters: persons affected (1.5.1)
Disasters: economic loss (1.5.2)
Disaster risk reduction strategies (1.5.3)

(1.5.4)

Disaster risk reduction strategies for local government

SDG 2: FOOD SECURITY
[Tl — ® Sustainable agricultural practices (2.4.1)
% @ Secure genetic resources for food (2.5.1)
@ Local breeds for agriculture (2.5.2)

SDG 3: HEALTH

@ Air pollution mortality (3.9.1)
® Water-related mortality (3.9.2)

@ Unintentional poisoning (3.9.3)

SDG 4: EDUCATION

M. Education for sustainable development (4.7.1)

SDG 5: GENDER
® Women agricultural land owners (5.a.1)

Safe drinking water (6.1.1)

Handwashing facilities with soap and water (6.2.1)
Wastewater treatment (6.3.1)

Water quality (6.3.2)

Water efficiency (6.4.1)

Water stress (6.4.2)

Water resource management (6.5.1)
Water cooperation (6.5.2)

Water-related ecosystems (6.6.1)
Investment in water and sanitation (6.a.1)
Local water management (6.b.1)

SDG 7: ENERGY

Reliance on clean fuels (7.1.2)

Renewable energy (7.2.1)

Energy intensity (7.3.1)

Clean energy research and technology (7.a.1)
Renewable energy-generating capacity (7.b.1)

SDG 8: DECENT WORK AND ECONOMIC GROWTH
@ Material footprint (8.4.1)
® Domestic material consumption (8.4.2)

@ Greenhouse gas emissions (13.2.2)

@ Education for sustainable development (13.3.1)

@ Resources mobilized for climate action (13.a.1)

@ Climate action support for least developed countries (13.b.1)

SDG 9: INDUSTRY, INNOVATION AND INFRASTRUCTURE

—@® CO, emissions (9.4.1)

The environmental dimension is not represented
in Goal 10

SDG 11: CITIES AND COMMUNITIES

F=1— @ Access to public transport (11.2.1)

r‘-EéH Land consumption (11.3.1)

Urban planning (11.3.2)

Investment in cultural and natural heritage (11.4.1)
Disasters: persons affected (11.5.1)

Disasters: economic loss (11.5.2)

Urban solid waste management (11.6.1)

Ambient air pollution (11.6.2)

Public land in cities (11.7.1)

Disaster risk reduction for local government (11.b.1)

Disaster risk reduction strategies (11.b.2)

SDG 12: RESPONSIBLE LIFESTYLES
PE=l—® Action plans for sustainability (12.1.1)
. Material footprint (12.2.1)

Domestic material consumption (12.2.2)
Food loss (12.3.1a) and Food waste (12.3.1b)

Information transmitted under chemicals and waste
conventions (12.4.1)

Hazardous waste generation (12.4.2)
Recycling (12.5.1)

Corporate sustainability reporting (12.6.1)
Sustainable public procurement (12.7.1)

Education for sustainable development (12.8.1)
Research for sustainable lifestyles (12.a.1)
Sustainable tourism strategies (12.b.1)

Fossil fuel subsidies (12.c.1)

SDG 13: CLIMATE ACTION

13 @ Disasters: persons affected (13.1.1)

@ Disaster risk reduction strategies (13.1.2)
@ Disaster risk reduction for local government (13.1.3)

SDG 14: OCEANS
@ Marine pollution and coastal eutrophication (14.1.1)
g_ Management of marine areas (14.2.1)
Ocean acidification (14.3.1)
Sustainable fish stocks (14.4.1)
Marine protected areas (14.5.1)

Fishing regulation (14.6.1)

Sustainable fisheries in small island developing States
and least developed countries (14.7.1)

@ Scientific knowledge, research capacity and transfer of
marine technology (14.a.1)

@ Instruments for conservation and sustainable use of
oceans and their resources (14.c.1)

SDG 15: LAND AND BIODIVERSITY

=

Forest area (15.1.1)

Protection of key biodiversity areas (15.1.2)

Forest area annual net change rate (15.2.1)

Land degradation (15.3.1)

Mountain protected areas (15.4.1)

Mountain green cover (15.4.2)

Endangered species (15.5.1)

Strategies for sharing biodiversity benefits (15.6.1)
Trade in poached or illicitly trafficked wildlife (15.7.1)
Strategies for preventing invasive alien species (15.8.1)
Progress towards Aichi Biodiversity Target 2 (15.9.1)
Investment in biodiversity and ecosystems (15.a.1)
Investment in sustainable forests (15.b.1)

Protection against poaching, trafficking and trade (15.c.1)

SDG 16: PEACE AND JUSTICE

The environmental dimension is not represented
in Goal 16

SDG 17: PARTNERSHIPS AND MEANS OF IMPLEMENTATION
Funding for environmentally sound technologies (17.7.1)
Funding for capacity-building (17.9.1)

Mechanisms enhancing policy coherence (17.14.1)

Progress in multi-stakeholders monitoring
frameworks (17.16.1)
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Statistical capacity indicator for SDG monitoring (17.18.1) ~ ———

Represents a change in condition based on this indicator
in a positive direction between 2000 and 2022 (does not
represent that the SDG target will be achieved).

@ Climate change action plans (13.2.1)

Represents very little negative or
. positive change in this indicator
between 2000 and 2022,

Represents a change in condition
based on this indicator in a negative
direction between 2000 and 2022.

Some data is available, No data is
but not enough to analyse . available.
changes over time.
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Figure 2.16 Scorecard on the environmental dimension of the SDGs in Western Asia

SDG 1: END POVERTY
@ Land tenure (1.4.2)
W. Disasters: persons affected (1.5.1)
@ Disasters: economic loss (1.5.2)
[ ]
[ J

Disaster risk reduction strategies (1.5.3)

Disaster risk reduction strategies for local
government (1.5.4)

SDG 2: FOOD SECURITY

T — @ Sustainable agricultural practices (2.4.1)
% @ Secure genetic resources for food (2.5.1)

@ Local breeds for agriculture (2.5.2)

SDG 8: DECENT WORK AND ECONOMIC GROWTH
@ Material footprint (8.4.1)
® Domestic material consumption (8.4.2)

SDG 9: INDUSTRY, INNOVATION AND INFRASTRUCTURE
—® CO, emissions (9.4.1)

SDG 10: REDUCED INEQUALITIES

The environmental dimension is not represented
in Goal 10

SDG 3: HEALTH

@ Air pollution mortality (3.9.1)
@ Water-related mortality (3.9.2)

@ Unintentional poisoning (3.9.3)

SDG 4: EDUCATION

m—. Education for sustainable development (4.7.1)

SDG 5: GENDER

@® Women agricultural land owners (5.a.1)

SDG 6: WATER

Safe drinking water (6.1.1)
Handwashing facilities with soap and water (6.2.1)

Wastewater treatment (6.3.1)

Water quality (6.3.2)

Water efficiency (6.4.1)

Water stress (6.4.2)

Water resource management (6.5.1)
Water cooperation (6.5.2)

Water-related ecosystems (6.6.1)
Investment in water and sanitation (6.a.1)

Local water management (6.b.1)

SDG 7: ENERGY
7 fme @ Reliance on clean fuels (7.1.2)
Renewable energy (7.2.1)
Energy intensity (7.3.1)
@ Clean energy research and technology (7.a.1)
@ Renewable energy-generating capacity (7.b.1)

SDG 11: CITIES AND COMMUNITIES

[FT"3—® Access to public transport (11.2.1)

nEéﬁ Land consumption (11.3.1)

Urban planning (11.3.2)

Investment in cultural and natural heritage (11.4.1)
Disasters: persons affected (11.5.1)

Disasters: economic loss (11.5.2)

Urban solid waste management (11.6.1)

Ambient air pollution (11.6.2)

Public land in cities (11.7.1)

Disaster risk reduction for local government (11.b.1)

Disaster risk reduction strategies (11.b.2)

SDG 12: RESPONSIBLE LIFESTYLES

@ Action plans for sustainability (12.1.1)

Material footprint (12.2.1)

Domestic material consumption (12.2.2)

Food loss (12.3.1a) and Food waste (12.3.1b)
Information transmitted under chemicals and waste
conventions (12.4.1)

Hazardous waste generation (12.4.2)

Recycling (12.5.1)

Corporate sustainability reporting (12.6.1)

Sustainable public procurement (12.7.1)
Education for sustainable development (12.8.1)
Research for sustainable lifestyles (12.a.1)
Sustainable tourism strategies (12.b.1)

Fossil fuel subsidies (12.c.1)

SDG 13: CLIMATE ACTION
@ Disasters: persons affected (13.1.1)
@ Disaster risk reduction strategies (13.1.2)
@ Disaster risk reduction for local government (13.1.3)
@ Climate change action plans (13.2.1)

@ Greenhouse gas emissions (13.2.2)

@ Education for sustainable development (13.3.1)

@ Resources mobilized for climate action (13.a.1)

@ Climate action support for least developed countries (13.b.1)

SDG 14: OCEANS

@ Marine pollution and coastal eutrophication (14.1.1)
%_ Management of marine areas (14.2.1)
Ocean acidification (14.3.1)
Sustainable fish stocks (14.4.1)
Marine protected areas (14.5.1)
Fishing regulation (14.6.1)
Sustainable fisheries in small island developing States
and least developed countries (14.7.1)
Scientific knowledge, research capacity and transfer of
marine technology (14.a.1)

@ Instruments for conservation and sustainable use of
oceans and their resources (14.c.1)

SDG 15: LAND AND BIODIVERSITY

E— Forest area (15.1.1)

Protection of key biodiversity areas (15.1.2)

Forest area annual net change rate (15.2.1)

Land degradation (15.3.1)

Mountain protected areas (15.4.1)

Mountain green cover (15.4.2)

Endangered species (15.5.1)

Strategies for sharing biodiversity benefits (15.6.1)
Trade in poached or illicitly trafficked wildlife (15.7.1)
Strategies for preventing invasive alien species (15.8.1)
Progress towards Aichi Biodiversity Target 2 (15.9.1)
Investment in biodiversity and ecosystems (15.a.1)
Investment in sustainable forests (15.b.1)

Protection against poaching, trafficking and trade (15.c.1)

SDG 16: PEACE AND JUSTICE

The environmental dimension is not represented
in Goal 16

Funding for environmentally sound technologies (17.7.1)
Funding for capacity-building (17.9.1)
Mechanisms enhancing policy coherence (17.14.1)

Progress in multi-stakeholders monitoring
frameworks (17.16.1)

Statistical capacity indicator for SDG monitoring (17.18.1)

Represents a change in condition based on this indicator in a
. positive direction between 2000 and 2022 (does not represent
that the SDG target will be achieved).

Represents very little negative or
. positive change in this indicator
between 2000 and 2022.

Represents a change in condition
based on this indicator in a negative
direction between 2000 and 2022.

No data is
available.

Some data is available,
but not enough to analyse
changes over time.




2.1.6.1 Freshwater- and marine-related ecosystems in

Northern Africa and Western Asia

Water resources availability and type vary across the region; some
countries have abundant surface water and groundwater resources
and ecosystems, while others are mostly covered by deserts and
depend on groundwater abstraction (UN 2022a), water desalination
(Maftouh et al. 2022) and wastewater reuse for agriculture (Aydin
et al. 2016) to meet the increasing water demand. In 2019, the top
three countries in the world with the most severe level of water
stress were located in the region: United Arab Emirates (UAE),
Algeria and Bahrain (UNSD 2022b). The summer of 2022 was
hotter than almost any previous summer across Western Asian
countries, with temperatures rising to nearly 50° Celsius — almost
7° Celsius higher than the usual for that time of year. Even with

arid and semi-arid climates in the region, many countries have
witnessed flooding and droughts in recent years (Loudyi and
Kantoush 2020).

The region comprising Northern Africa and Western Asia contains
a wide contrasting range of marine and costal ecosystems
including springs, estuaries, mudflats, marshes, mangroves,
seagrass beds and coral reefs (UNEP n.d.b). Such a diversity of
ecosystems supports considerable biodiversity that is particularly
vulnerable to any outside stressors such as water temperature
fluctuations and changes, pollution, increased ocean acidity and
changes in water flow (UNEP 2017b). Due to its unique climate
conditions, the Western Asia and Northern Africa region is likely
to be one of the hardest hit by climate change impacts through
intensification in scope and severity of droughts and desertification
(UNEP n.d.b). Some of these effects include the loss of coastal
zones due to sea level rise, seawater temperature rise, increased
water scarcity and increased groundwater salinity, which are the
most significant for biodiversity and will have severe impacts on
almost all aspects of life in the region.
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2.1.6.2 Data availability and indicator progress

Out of the 92 environment-related SDG indicators, a minor change
has been recorded between data availability and unavailability
compared with 2020. SDG indicators that do not possess data or
sufficient data to analyse decreased from 57 per cent in 2020 to 55
per cent in 2022 for Western Asia (Figure 2.16), while a decrease
from 59 per cent in 2020 to 55 per cent in 2022 was recorded for
Northern Africa (Figure 2.15). The proportion of SDG indicators
showing environmental improvement has increased by 2 per

cent to 28 per cent in 2022 for Northern Africa, while it remained
constant at 32 per cent for Western Asia. A 1 per cent increase was
recorded for both subregions in 2022 for SDG indicators showing
environmental degradation (Figure 2.17).

Figure 2.17 Environment-related SDG indicators data trend,
Northern Africa and Western Asia

Northern Africa
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Data availability of SDG indicators related to freshwater and marine
ecosystems improved between 2020 and 2022. Freshwater-related
SDG indicators showing environmental improvement increased
from 31 per cent in 2020 to 54 per cent in 2022 in Northern Africa,
while Western Asia witnessed an increase from 38 per cent in 2020
to 46 per cent in 2022. Similarly, 22 per cent of marine-related SDG
indicators showed environmental improvement for Northern Africa
and Western Asia in 2022, an increase from 11 per cent in 2020 for
both subregions.

2.1.6.3 Water-related ecosystem conservation policies
and accelerated action as part of the Water Action
Decade and Decade of Ocean Science Sustainable
Development

Many water conservation policies are being adopted in the region,

with some countries aiming to increase their water-use efficiencies.

For instance, Saudi Arabia’s Ministry of Environment, Water and
Agriculture launched a programme aiming to reduce daily per

capita consumption from 263 litres (2019) to 150 litres by 2030.
The water conservation programme will be implemented by the
Government-owned National Water Company in all regions of the
country. The State of Qatar, through its National Vision, aims to
balance economic development with human and natural resources
by rationalizing water consumption and encouraging the use of
non-conventional water resources. On the other hand, preserving
marine-related ecosystems is of priority as well. For instance,
providing a sustainable environment and infrastructure is one of
the six pillars of the UAE National Agenda, which has introduced
various marine conservation programmes, including mangrove
tree planting and coral restoration, and is working continuously on
increasing the size of marine protected areas. By launching the
Mangrove Rehabilitation Project in 2020, the UAE has been planting
mangrove seed balls via specialized engineered drone rigging and
then monitoring them monthly for growth over a year.

As part of the Water Action Decade, the countries of the region
have pledged to prioritize water for sustainable development,
demonstrated by the recommendations and positions adopted

in intergovernmental and regional forums, including by the Arab
Ministerial Water Council, the Economic and Social Commission
for Western Asia (ESCWA) Committee on Water Resources and
in regional water consultations. Also, in 2018, countries agreed

to strengthen integrated water resources management, enhance
cooperation on shared water resources, attend to climate change
adaptation and natural disaster risk reduction and provide access
to water services for all (Economic and Social Commission

for Western Asia [ESCWA] 2019). Moreover, in 2019 the Arab
Ministerial Water Council reviewed its adopted Arab Strategy

for Water Security, which focuses on the regional priorities for
improved water security (ESCWA 2019).

A couple of initiatives were planned as part of the Ocean Decade,
including the West Asia Blue Waters, which attempts to link
science and life to improve ocean literacy among the population




in the region, as well as the initiative to improve the hydrographic
and oceanographic observations to support marine research in
Moroccan marine zones (UNESCO-I0C 2022a).

2.1.6.4 Remaining gaps

Nine out of the 17 most water-stressed countries in the world are
in Northern Africa and Western Asia (in alphabetical order): Bahrain,
Jordan, Kuwait, Lebanon, Libya, Oman, Qatar, Saudi Arabia and
UAE (Hofste, Reig and Schleifer 2019).* Migration from rural to
urban areas, a fast-growing population, poor water management,
deteriorating infrastructure and water governance issues are
directly affecting the water realm, and these severe impacts are
disproportionately borne by the most vulnerable sectors of society
(UNEP n.d.c). These factors, among others, have triggered conflicts
and rivalries in the region with severe impacts on people and the
environment. In this context, environmental governance, science,
technology and finance for the water sector play a pivotal role in
achieving prosperity and resilience by providing a platform for
recovery, development and security (UNEP n.d.d). Cross-sectoral
collaboration and partnership need strengthening to facilitate a
more holistic decision-making approach for the conservation of
water resources by the governments, private sectors and civil
societies (UNEP n.d.b).
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2.2 Socioeconomic and environmental factors’
introduction

In the process of understanding the relationship or interlinkages
between any two indicators, the need arises to identify and
understand external factors that might have an impact on such
complex relationship(s). In this regard, a set of external factors was
selected to cover social, economic and environmental dimensions
to better understand the relationship between two indicators. The
socioeconomic and environmental factors were divided into five
categories. Since the statistical analysis presented in the following
chapters is developed around freshwater- and marine-related
ecosystems, indicators selected for each type of ecosystem is
different. The complete list of selected indicators is presented in
Annex C. The following section introduces the perspective behind
the selection of the external factors for the statistical analysis.

a. Economic and social factors

This category of indicators includes data about the economic
and social circumstances that impact how communities interact
with the available freshwater- and/or marine-related ecosystems.
Incorporating the factors that indirectly influence water availability,
usage, quality and sustainability into the statistical analysis is
therefore essential to manage water resources, marine and
freshwater, in a sound manner. Direct impacts of declining water-
related ecosystems on economic activity and vice versa might

be intuitive at first sight but can be elusive when attempting to
statistically prove them on a larger, economy-wide scale (WB
2019). A total of 16 socioeconomic indicators, mainly chosen
from the SDG indicators framework, are particularly important for
the aquatic realm in the context of this report (seven indicators
for marine-related ecosystems and nine indicators related to
freshwater-related ecosystems). For the analysis, GDP per

4 Although the article mentioned more countries as part of the Middle East and Northern Africa region, only countries considered part of the Northern Africa and Western Asia region were 47

mentioned here.
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capita and the percentage of urban population among the whole
population have been chosen, along with several other relevant
SDG indicators. Some of these indicators measure the share of

a certain industry towards the GDP (SDG indicators 2.a.1,9.2.1

and 17.7.1), other indicators are related to employment, including
gender-specific indicators (SDG indicators 5.5.1,8.3.1 and 8.7.1)
and child labour (SDG indicator 8.7.1) and finally, indicators related
to nutrition (SDG indicator 2.1.1) and other relevant socioeconomic
indicators such as the proportion of women and men who own

a mobile phone (SDG indicator 5.5.2). Research indicates that
environment-related stressors impact populations differently,
making such data crucial for analysis and towards the fulfilment of
the 2030 Agenda pledge to leave no one behind.

b. Physical infrastructure

The physical structures underpinning modern societies are

a necessary part of development associated with growing
populations but can carry devastating impacts if environmental
concerns are not considered in their planning and execution (WWF
2022). Investments in drinking water and sanitation infrastructure
facilities are not only essential for universal and safe access to
these services, especially in developing countries, but also for
limiting exposure of vulnerable aquatic ecosystems to external
induced pressures (Ferreira et al. 2021). A total of 17 indicators
related to water infrastructure were identified among the SDG
framework to be important for their effects on water resources

(17 indicators for marine-related ecosystems, six indicators for
freshwater-related ecosystems). A large proportion of these
indicators are directly related to WASH (SDG indicators 1.4.1,

6.1.1 and 6.2.1), as safe access and availability of services impact
the quality of the water resources for the surrounding societies.
Indicators also include available waste management infrastructure
(SDG indicator 11.6.1), energy (SDG indicators 7.3.1 and 12.a.1)
and communication infrastructure (SDG 17.8.1).

C. Human infrastructure

Human infrastructure — including the existence or absence

of governance, social protection policies, institutional human
capacities and water literacy and management — impacts water-
related ecosystems. Water literacy refers to people having the
adequate knowledge and skills at different government and civil
society levels to implement improved and efficient management
of the resources (Kitamura et al. 2015). This covers freshwater

and marine resources. In addition, water literacy, community
knowledge and knowledge management incite a more proactive
role for the community in the formulation of local policies (SDG
indicator 11.3.2). A total of 12 factors within the SDG framework
were identified to be relevant considering the importance of human
infrastructure in the realm of water-related ecosystems (six related
to marine-related ecosystems and six related to freshwater-
related ecosystems). These indicators relate to education (SDG
indicators 4.1.2, 4.4.1 and 12.8.1), secure tenure rights to land (SDG
indicator 1.4.2), civil society engagement (SDG indicator 11.3.2),
private sector sustainability reporting (SDG indicator 12.6.1) and
corruption (SDG indicator 16.5.2).

d. Environment

The environment is a set of complex interlinked systems with
constant exchange among its different settings. As water-related
ecosystems interact with and are affected by a wide variety of
other ecosystems, they are also threatened by human activity,
which often alters the integrity of ecosystems (Piet et al. 2019). For
example, agricultural intensification and the application of nitrogen
and phosphorus fertilizers can cause nutrient leaching and run-off
into adherent groundwaters, lakes and rivers, and end up in marine-
related ecosystems where they cause large-scale freshwater and
marine eutrophication (Withers et al. 2014). Therefore, a total

of nine factors within the SDG framework refer to the different
aspects of the environment (four linked to marine-related



ecosystems and five for freshwater-related ecosystems). These
indicators relate to air emissions and pollution (SDG indicators
9.4.1,11.6.2 and 13.2.2), terrestrial vegetation with mountain green
cover and sustainable forest management (SDG indicators 15.2.1
and 15.4.2) and biodiversity (SDG indicator 15.5.1).

e. Natural resources
The transformation of raw natural resources into goods and

services lead resources to be consumed at a rate that exceeds the
planet's capacity for regeneration. At the same time, their absence
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causes detriment to water resources. For instance, deforestation
leads to ecosystem degradation and the desertification of
watersheds and catchment areas (WWAP 2015). Consequently, five
indicators among the SDG indicator framework were identified to
cover the dimension of natural resource availability and usage on
the management and use of water resources (three for freshwater-
related ecosystems and two for marine-related ecosystems).
These factors concern terrestrial resources, such as forests (SDG
indicator 15.1.1) or land degradation (SDG indicator 15.3.1).
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3.1 Theory of change

UNEP’s Measuring Progress reports aim to improve the
understanding of the progress made by SDG indicators by
analysing their trends, including through analysis of interlinkages
between the indicators of the SDG framework using statistical
methodologies. While the Measuring Progress: Environment and
the SDGs (2021) report focused on understanding the interlinkages
through a statistical correlation analysis, the proposed
methodology herein will further develop the statistical correlation
analysis of one thematic area into a multivariable analysis by
including additional socioeconomic and environmental factors that
might impact the relationship between the analysed indicators.

The main objective is to use the driver-pressure-state-impact-
response (DPSIR) framework to investigate the relationship
between actions taken by countries and their impacts on
freshwater- and marine-related ecosystems as well as secondary
impacts on human well being through the lens of the SDG
indicators.

The methodology enables analysis of the potential impacts

on freshwater- and marine-related ecosystems separately and
includes different geographical levels, based on data availability.
For freshwater-related ecosystems, the analysis is conducted

at the global, national (Colombia and Mongolia) and basin levels
(China). For marine-related ecosystems, analyses at the global and
national (Sri Lanka) levels are conducted.
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3.2 Analytical approach
3.2.1 Definition of components

The statistical model features four types of components. Indicators
within the first three components (drivers of change, state of the
ecosystem and state of human well-being) are all selected from the
SDGs indicator framework.

» Drivers of change indicators include drivers, pressures and
responses from the DPSIR model. They are indicators related to
water and marine management, protection and/or restoration
actions. Drivers of change are considered as an independent®
variable in the analysis. The drivers are identified as direct
human influences on nature and considerations used as a
basis for human choices impacting nature (IPBES 2019), while
pressures are factors that lead to changes in the state of the
ecosystem, and responses are actions being taken to address
those drivers and pressures.

» State of the ecosystem indicators refer to the state of
freshwater- and marine-related ecosystems. They are related
to the quality, abundance and habitats of freshwater- and
marine-related ecosystems and are considered as dependent®
variables in the analysis of the effect of drivers of change on
the ecosystems.

» State of human well-being indicators concern the social
impacts of the state of the ecosystem. They are considered
as dependent variables related to the state of freshwater- and
marine-related ecosystems.

5 Independent variable: “a variable whose value does not depend on another variable” (Oxford Learner’s Dictionaries, n.d.) (alternative term: explanatory variable)
6 Dependent variable: “a variable whose value depends on another variable” (Oxford Learner’s Dictionaries, n.d.) (alternative term: response variable)
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» Socioeconomic and environmental factors are a group
of indicators from within and outside the SDG indicator
framework that might influence the relationship between
the different groups of indicators (drivers of change, state
of the ecosystems and state of human well-being). They are
divided into five categories according to their nature: economic
and social, physical infrastructure, human infrastructure,
environment and natural resources. Section 2.3 provides a
detailed perspective on the nature of these factors.

3.2.2 Theoretical models specifications

After defining the components of the statistical analysis, identifying
and classifying SDG indicators into the above-identified categories
was imperative (Figure 3.1). The selection of the indicators

was done at the indicator level and separately for each type of
ecosystem, considering the specificities of each ecosystem type
according to experts’ knowledge.

Potential synergies were then identified between the selected
indicators for further analysis (see Annex E). Potential synergies
are based on the potential impact that one indicator (independent
variable) might have on another indicator (dependent variable).
An initial identification of potential synergies was complemented
by online experts’ consultation. Theoretical models were then
developed for the analysis of the state of freshwater- and marine-
related ecosystems and their impact on human well-being.

The next step entailed setting the criteria for data to be used in the
statistical analysis. For global and national data, the number of
observations was set to a minimum of 20 observations, no gaps
in the time series and using available data to date. For global-level
data, the criteria were set to have data from at least 50 per cent of
the countries for a global aggregate to be generated. This aligns

Figure 3.1 Statistical analysis steps

into drivers of change, state of the ecosystems,
state of human well-being, SEE factors
_ based on literature and expert’s consultations

based on data availability for at least 20
observations, no missing values

of independent variables on each state
variable using partial instrumental models

T-tests to assess whether the estimated impact
of independent variables on state variables is
statistically significant

estimation using only indicators
exhibiting statistically significant impact
ating the average impact from the
trumental model estimates

with UNEP’s methodology to aggregate data to the global level.
Global aggregates (i.e. one value representing global value for
one year) were used in the statistical analysis, in comparison with
country data. Specifically for marine-related ecosystems, the 45
landlocked countries were excluded from the analysis due to their
lack of direct accessibility to and benefit from marine and coastal
areas.

Multiple sources of data were used for this analysis. For SDG-
related indicators, data were extracted from the SDG Indicators
Database on 14 June 2022. Subsequent updates of the database
were not considered in this analysis. Other sources were used,
such as the Department of Economic and Social Affairs, Population
Division’ and the World Bank.®

7 For the “annual percentage of population at mid-year residing in urban areas” indicator, accessed 30 June 2022.

8 For Gross National Income (GNI) per capita, accessed 30 June 2022.



Table 3.1  Percentage of sub-indicators of which data are
available from the proposed list in the theoretical

models, freshwater and marine

Freshwater Marine

Colombia | Mongolia | Global Sri Global
Lanka

State of the 32% 32% 32% 10% 10%
ecosystem
State of human | 1% 1% 12% 8% 15%
well-being
Drivers of 17% 17% 12% 20% 26%
change
Socioeconomic | 18% 18% 18% 12% 21%
and
environmental
factors

For basin-level analysis, the number of observations was set to 15,
with the time series starting from 2004 until the most recent available
data without data gaps in the time series. Basin-level data were
provided by the Government of China (received on 22 June 2022).

Table 3.2  Percentage of sub-indicators of which data are

available from the proposed list in the theoretical
model for basin-level analysis

Poyang Haihe Huaihe | Yangtze | Yellow

Lake River River River River
State of the 4% 4% 4% 4% 4%
ecosystem

State of human | 3% 0% 0% 0% 0%
well-being

Drivers of 18% 5% 5% 5% 5%

change

Socioeconomic | 20% 0% 0% 0% 0%
and
environmental

factors

Chapter 3: Methodology €

One of the main challenges of this analysis is related to the lack
of data at the global and national levels. This point is very relevant,
because only a partial study of the theoretical models has been
done. Only some of the proposed sub-indicators had available
data due to the numerous missing data existing in the time series.
This limitation requires the design of an ad hoc measurement
methodology, achieving an equilibrium between (i) the demanding
requirements of the theoretical models and actual policy impact
dissemination mechanisms and (ii) the data that can be used to
measure such impacts. The following approaches were used to
achieve this equilibrium:

v Impact is approached as a combination of partial correlation
and time arrow to discriminate correlation (symmetric) from
impact (asymmetric, pointing out future from the past). By
considering partial correlation, one can discriminate the
effect of the variable whose impact is being measured from
the potential effects of other drivers or socioeconomic and
environmental factors. Considering a time lag, one can break
the symmetry of partial correlations, since past can affect the
future but the future cannot change the past.

« Impact dissemination patterns are modelled as simple but not
limited to linear effects.

« Impact intensities of different drivers and socioeconomic and
environmental factors are made comparable through variable
standardization.

« Statistical models are being used as instrumental impact
measurement models and not as predictive tools.

« Theinformation from instrumental measurement models
is integrated in a general impact measurement model
summarizing the results of the instrumental models and
providing a unique comparable measurement of the intensity of
each impact.

."
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To avoid the restriction of linear impact diffusion and the
comparability of the impact being measured, and to homogenize
the estimated impact (indicators’ units vary, that is, by per cent,
age, km?, USS and so on), all indicators’ data were transformed and
standardized before the estimation of the instrumental models by
using the logarithmic transformation.

The number of available variables in the theoretical model is

larger than the number of available observations of each variable.
Therefore, only partial instrumental models (i.e. models including a
small subset of explicative variables) can be estimated.

To produce the general measurement model, all potential models
including a strategy of three explanatory variables were estimated
using ordinary least squares. The number of explanatory variables
has been selected as the minimum number to estimate partial
correlations instead of total correlations. The methodology

opts for the minimum number of explanatory variables to
maximize the degrees of freedom of the model and avoid model
overfitting. Hence, instrumental models for which less than two
coefficients are found to be statistically significant are dismissed.
The regression models for each state variable are estimated
independently. Formally, the instrumental regression for each
ecosystem can be written as
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Where:
m+k=3 C,: Socioeconomic and environmental factors
n+k=3 B, y: Model coefficients

S,: State of the ecosystem
W,: State of human well-being
D,,: Drivers of change

&;, 6;: Error of the model

After the estimation, the t-test is applied to test the null hypothesis
for each individual impact coefficient being null at a significance
level of 0.05. Models are re-estimated after the elimination of one
non-significant coefficient, providing a measure of the intensity of
impacts that can be considered as non-null. This impact measure
is given by the corresponding estimated coefficient (B for impact
in the state of the ecosystem and Y for impact in the state of
human well-being). The value of the estimated coefficients that
are significantly non-null for all the instrumental models for each
response variable is presented below and used to conduct the
following analysis of the results.



3.3 Presentation of results

Divers of change

Description

Proportion of population using
basic drinking water services

0.7

RESERVOIR MINIMUM

WATER AREA

M03 M04 | MO5

0.81

0.6

Electronic waste generated, per
capita

Average proportion of freshwater
Key Biodiversity Areas (KBAs)
covered

Average proportion of terrestrial
KBAs covered

Level of water stress: freshwater
withdrawal as a proportion of
available freshwater resources

-0.47

-0.34

-0.85

Material footprint per unit of GDP

-0.34

-0.83

-0.39

Domestic material consumption
per unit of GDP

Socioeconomic and environmental factors

Manufacturing value added as a
proportion of GDP

0.83

Red List Index

-0.21

Carbon dioxide emissions per
unit of GDP PPP

-0.83

GNI per capita, Atlas method

Completion rate

Installed renewable electricity-
generating capacity

Proportion of population with
access to electricity

Energy intensity level of primary
energy

-0.13

Urban population as percentage
of total population

Notes:

»  There are five instrumental models (denoted as M1 through to M5) for which at least two
coefficients are significantly non-null.
» Allindicators presented above were tested.

v

Indicators showing no coefficients were found to be statistically insignificant.

»  Green cells indicate positive coefficients; red cells indicate negative coefficients.

Drivers of change

Socioeconomic and
environmental factors

Proportion of population using basic drinking water
services

0.70

0.83
Manufacturing value added as a proportion of GDP }—

Notes:
Indicators located above the blue line are considered as direct drivers indicators.
Indicators located below the blue line are considered as socioeconomic and environmental

>
>

>

factors.

RESERVOIR
MINIMUM
'WATER AREA

\[/
%
Y
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R

a“av

-0.55 [ | cvel of water stress: freshwater withdrawal as a
proportion of available freshwater resources

0.52
—1 Domestic material consumption per unit of GDP ‘

-0.21
Red List Index

-0.21

Carbon dioxide emissions per unit of GDP PPP ‘

-0.13

Energy intensity level of primary energy ‘

The indicator located in the centre is the dependent variable, while all other indicators are

considered independent.

Green indicates a positive relationship (an increase of the explanatory variable (driver or
socioeconomic and environmental factor) and translates into an increase in the level of the

response state variable).

Red indicates a negative relationship (an increase of the explanatory variable (driver or
socioeconomic and environmental factor) translates into a decrease in the level of the

response state variable).
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Many relationships were identified as significant for freshwater-
related ecosystems. The following chapter explores the
significance of such relationships and whether such relationships
are confirmed by scientific evidence.

41 Interlinkages analysis of freshwater-
related indicators at the global level

4.1.1 The impact of drivers of change on the state of

freshwater-related ecosystems

A set of SDG indicators were identified as drivers of change to have
potential impact on freshwater-related indicators. Two indicators
from the SDG framework (SDG 6.3.2 and SDG 6.6.1) were identified
as state of freshwater-related ecosystems indicators. SDG 6.3.2, on
the proportion of bodies of water with good ambient water quality,
refers to “natural, untreated water in rivers, lakes and groundwaters
and represents a combination of natural influences together with
the impacts of all anthropogenic activities” (UNSD 2022a). The
calculations for this indicator are based on in situ measurements
from surface-water and groundwater samples. However, at the
time of extracting the data to conduct the statistical analysis,

only two data points were available (years 2017 and 2020), which
hindered the analysis of the interactions of the drivers of change
with this indicator. SDG 6.6.1, on the change in the extent of
water-related ecosystems over time, is an indicator that monitors
the expansion or shrinkage of lakes and rivers (permanent and
seasonal water area), reservoirs, mangroves and wetlands. It is
derived from satellite-based Earth observations (UNSD 2022a).

In addition to the drivers of change, a set of socioeconomic and
environmental indicators were considered as part of the statistical
analysis. The list of these indicators is presented in Annex D. The
following section analyses the results obtained from the statistical
analysis for freshwater-related indicators.
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SDG 6.6.1 aims to monitor the changes in size, water quality and
quantity of water-related ecosystems, divided by type of ecosystem
and by using satellite-based Earth observations. Two sub-
indicators of SDG 6.6.1 are the water area of lakes and rivers, which
are (a) permanent and (b) seasonal. These two sub-indicators

are categorized as state of the ecosystems as they represent the
expansion or reduction of water-related ecosystems. Between
2000 and 2019, these two indicators show an improvement in the
water area of lakes and rivers, whether seasonal or permanent
(SDG 6.6.1).

Three indicators (SDG 15.1.2 sub-indicators include the average
proportion of freshwater KBAs covered and the average proportion
of terrestrial KBAs covered; SDG 15.4.1 includes the average
proportion of mountain KBAs covered) show positive impact

on lakes and rivers permanent seasonal water area (SDG 6.6.1).
Freshwater, terrestrial and mountain KBAs are “sites contributing
significantly to the global persistence of biodiversity”, and the
freshwater-related ecosystems represent one of the most
threatened broad habitat types globally (Holland, Darwall and
Smith 2012; Mdiz-Tomé et al. 2017). In recent years, the global
coverage of protected areas and core protected areas has

shown a steady growth trend (Maxwell et al. 2020). At the same
time, the global area of permanent water bodies is also in an
increasing trend (Borja, Kalantari and Destouni 2020). On the
other hand, freshwater-related ecosystems are highly dependent
on the surrounding terrestrial areas, which include terrestrial

and mountain KBAs as well as freshwater protected areas. For
freshwater KBAs, terrestrial KBAs and mountain KBAs, the larger
the area is, the larger the protected river and lake area is (Holland,
Darwall and Smith 2012). Additionally, the more protected areas
around freshwater-related ecosystems, such as lakes and

rivers, the easier it is for water networks to propagate (Linke and 57
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Hermoso 2022). Therefore, freshwater, land and mountain KBAs
show a strong positive relationship with the area of permanent and
seasonal water bodies around the world.

The statistical analysis indicates a weak positive relationship
between material footprint per unit of GDP (SDG 8.4.1/12.2.1) -
which is a natural resources consumption-based indicator — and
the lakes and rivers permanent and seasonal water area (SDG
6.6.1). As a resource, water is known to be used in the production
of biofuels. These require significant volumes of water for the
irrigation of crops (Convention on Biological Diversity [CBD] n.d.),
which involves adding the volumes of water used during the
actual process of extracting resources from the environment,
leading to resource depletion and water pollution (Wiedmann et al.
2013). Given the quantities of water required in the mining sector,
for instance, water-saving strategies and techniques are being
developed in mineral processing plants to reduce and/or recycle
the quantities of water required for extraction (Michaux et al. 2019),
hence exerting less pressure on water streams such as lakes

and rivers. The shift towards decoupling material extraction from
water resources might be the reason for the positive relationship.
However, in practice, the relationship is expected to be negative.

The statistical analysis resulted in a strong negative relationship
between GNI per capita, Atlas method” and lakes and rivers
permanent and seasonal water area. Strong income growth leads
to rising living standards and more demands for commodities
(WWAP 2015). This all leads to increased water use, which exerts
greater pressure on the available water resources (lakes and
rivers) and reduces the water available to meet the increasing
demand from economic activities and households alike. This can
be interpreted by the negative relationship where an increase of
GNI per capita might decrease the lakes and rivers permanent and
seasonal water area (SDG 6.6.1). At the global level, this indicates

that decoupling economic growth from water resource use has not
yet been accomplished. However, since data used is aggregated to
the global level, one cannot assume that decoupling has not been
achieved in any country.

Renewable energy sources include hydropower, solar, wind,
geothermal, bioenergy, wave and tidal. Globally, hydropower is

by far the largest modern renewable energy source, but with
solar and wind power rapidly growing, hydropower development
is reduced, bearing a positive impact on the maintenance of
seasonal water bodies (He et al. 2019). According to International
Renewable Energy Agency [IRENA] statistics (IRENA 2022a),

the world annual growth in electricity-generating capacity from
hydropower sources since 2000 has been much slower (ranging
between 1 and 4 per cent per year) compared with wind and
solar generating capacities. Solar and wind generating capacities
combined accounted for more than the hydropower capacities
worldwide in 2020 (IRENA 2022a). On the other hand, expanding
the renewable energy capacities, more specifically solar and wind
as these sources are not water intensive, coupled with reduced
extraction and processing of fossil fuel, leads to improvement

in lakes and rivers water area (SDG 6.6.1). This can be related to
the weak positive relationship between (a) renewable electricity-
generating capacity (SDG 7.b.1), (b) renewable energy share in the
total final energy consumption (SDG 7.2.1) and (c) the proportion
of population with access to electricity (SDG 7.1.7) as well as lakes
and rivers seasonal water area. Similarly, SDG 7.3.7 on the energy
intensity level of primary energy consumption (representing the
total energy supplied to the economy per unit value of economic
output) is expected to have a negative relationship with lakes and
rivers seasonal water area (SDG 6.6.1), as the decrease in energy
intensity is considered beneficial to the environment, which is the
case in the obtained results.

9 The World Bank’s Atlas method of conversion is used to smooth fluctuations in prices and exchange rates in the cross-country comparison of national incomes (WB 2022b).
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Figure 4.1 General model for lakes and rivers permanent water area, global level

Average proportion of freshwater KBAs covered

Average proportion of terrestrial KBAs covered

Average proportion of mountain KBAs covered

Drivers of change

Material footprint per unit of GDP

LAKES AND
RIVERS
PERMANENT
WATER AREA

GNI per capita, Atlas method

Socioeconomic and
environmental factors

On the other hand, (a) domestic material consumption per unit of energy requirement to produce the same quantities of products.
GDP (SDG 8.4.2/12.2.2) and (b) manufacturing value added as a This explains the negative relationship between SDG 8.4.2/12.2.2
proportion of GDP (SDG 9.2.1) were identified as having a negative and SDG 9.2.1 obtained from the statistical analysis.

relationship with lakes and rivers seasonal water area (SDG 6.6.1).

The expansion of the manufacturing sector requires more natural The statistical analysis has shown that increased electronic waste
resources (that is, more water) unless environmentally sound generated per capita (SDG 12.4.2) has a negative relationship with
techniques are used. Additionally, the less domestic material lakes and rivers seasonal water area (SDG 6.6.1). In fact, global
consumption to produce one economic output, the better it is e-waste generated per capita has been increasing to reach 7.3

for natural resources, as processes are becoming more efficient, kilograms (kg) in 2019 and is expected to reach 9 kg per capita in

requiring fewer natural resources to be allocated and a lower 2030 (Forti et al. 2020). The rapid innovation in new technologies 59
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requires a fast-paced electronics production. The production of
electronic products depends on the mining and extraction of a
different variety of metals. The extraction and transformation of
these metals to be used in products (via mining, grinding, flotation,
gravity concentration, medium separation and hydrometallurgical
processes) and auxiliary activities (e.g. dust suppression, cooling
and washing equipment) are water-intensive processes, not
forgetting the water used for energy (drilling, cooling and emission
control systems at thermoelectric power plants) (Madaka, Babbitt
and Ryen 2022). This has led to water depletion in surrounding

water bodies and degradation of water downstream of mining sites
(Madaka, Babbitt and Ryen 2022), which reflects the results of

the statistical analysis. However, it is uncertain why such a strong
negative relationship was not found to be statistically significant in
lakes and rivers permanent water area (SDG 6.6.1).

The statistical analysis has shown a positive relationship between
the proportion of population using basic drinking services and
lakes and rivers seasonal water area. Basic drinking water services
is defined as drinking water from an improved source, provided

Figure 4.2 General model for lakes and rivers seasonal water area, global level

Proportion of population using basic drinking water 0.74
services
o Average proportion of freshwater KBAs covered
(=2}
=
©
=
o Average proportion of terrestrial KBAs covered
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o
[
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> Average proportion of mountain KBAs covered
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o
Renewable energyshare in the total final energy
consumption
L) Q Completion rate of upper secondary education
2
Y]
o8
E E Installed renewable electricity-generating capacity
O
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8 g Proportion of population with access to electricity
© =
o >
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] Urban population as percentage of total
population

Electronic waste generated, per capita

Material footprint per unit of GDP

D ic material ion per unit of GDP

LAKES AND
RIVERS

SEASONAL
WATER AREA

Manufacturing value added as a proportion of GDP

Red List Index

Carbon dioxide emissions per unit of GDP, purchasing
power parity (PPP)

GNI per capita, Atlas method

Energy intensity level of primary energy




collection time is not more than 30 minutes for a round trip, from
piped water, boreholes or tube wells, protected dug wells and
springs, and packaged or delivered water (UNSD 2022a). The higher
the population with access to water resources, the higher the
pressure exerted on natural resources to allocate more quantities of
water. However, the increase in the proportion of population using
basic drinking water services might imply fewer people using water
by other inefficient means, such as household leaks (EPA 2022),

or by wasteful means, such as running the tap while brushing their
teeth or washing their hands or the dishes (EPA 2022).

Urbanization, specifically rapid urbanization, will lead to the
reduction of surface water (Palazzoli, Montanari and Ceola 2022).
In many urbanized areas, surface and ground waters are already
depleted (WWAP 2015). This is due to an increased demand for
manufacturing, thermal electricity generation and domestic use
resulting from growing urban populations in developing countries
(WWAP 2015). Yet, the move to urban areas leads farmers to leave
their agricultural activities which in turn leads to decreased water
needs for the agriculture sector, which could be the reason for the
positive relationship.

A negative relationship between CO, emissions per unit of GDP
(SDG 9.4.7) and lakes and rivers seasonal water area (SDG 6.6.1)
was identified. As the efficiency in economic processes improves,
meaning less CO, emissions to produce one unit of economic
output, fewer quantities of water are required, and less pressure

is exerted on water-related ecosystems. This reflects the results

of the statistical analysis for lakes and rivers seasonal water area.
What remains obscure is that this relationship was not identified as
statistically significant with rivers and lakes permanent water area.
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Reservoirs are artificial waterbodies built by humans for purposes
such as water supply, hydropower generation, flood control and
irrigation. In both SDG 6.6.1 sub-indicators on reservoirs water area
(@) minimum and (b) maximum, the statistical analysis showed
the same type of relationships with independent indicators.

For instance, there was a positive relationship between (a) the
average proportion of mountain KBAs covered (SDG 15.4.1), (b)
the average proportion of terrestrial KBAs covered (SDG 15.1.2)
and (c) the average proportion of freshwater KBAs covered (SDG
15.1.2) with both reservoirs minimum and maximum water area
(SDG 6.6.1). These three indicators show the strongest impact on
reservoirs water area. As presented in the section on lakes and
rivers, conservation efforts carry a positive impact on freshwater
resources, which include reservoirs water area.

Regarding SDG 8.4.1/12.2.1 on material footprint per unit of
GDPR the statistical analysis shows a weak positive relationship
with reservoirs minimum and maximum water area (SDG 6.6.1).
As presented in the lakes and rivers section, this relationship is
expected to be negative.

A strong negative relationship was also identified between
electronic waste generated per capita (SDG 12.4.2) and reservoir
minimum and maximum water area (SDG 6.6.1). As provided

in lakes and reservoirs section, the production of electronic
equipment is water intensive, which means that the more
electronic equipment is generated, the more water is required to
produce them. In addition, the innovations in that sector coupled
with a consumer behaviour has led to the generation of more
electronic waste — a significant source of water pollution (Akram et
al. 2019).
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Figure 4.3 General model for reservoirs minimum water area, global level

Average proportion of freshwater KBAs covered

Average proportion of terrestrial KBAs covered

Average proportion of mountain KBAs covered

Drivers of change

Material footprint per unit of GDP

Socioeconomic and
environmental factors

The statistical analysis has indicated a negative relationship
between (a) GNI per capita, Atlas method, (b) SDG 1.4.1 on the
proportion of population using basic drinking water services

and (c) urban population as a percentage of total population

and reservoir maximum and minimum areas (SDG 6.6.1). The
increase in the GNI per capita leads to improved lifestyles with
increased water consumption. As one main aspect of a reservoir

Proportion of population using basic drinking water
services

Electronic waste generated, per capita

RESERVOIR
MINIMUM
WATER AREA

Manufacturing value added as a proportion of GDP

GNI per capita, Atlas method

Urban population as percentage of total population

is to supply water for households, industries and agriculture, this
also means that increased per capita income, increased urban
population as a percentage of total population and an increased
proportion of population using basic drinking water services would
negatively impact the water area of reservoirs used to supply such
communities, which is presented by the negative relationship.
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Figure 4.4 General model for reservoirs maximum water area, global level

Average proportion of freshwater KBAs covered

Average proportion of terrestrial KBAs covered

Average proportion of mountain KBAs covered

Drivers of change

Material footprint per unit of GDP

Socioeconomic and
environmental factors

c. Conclusion

At the global level, many indicators showed positive or negative
relationships with SDG 6.6.1 sub-indicators on lakes and rivers
permanent and seasonal water area and on reservoirs minimum
and maximum water area. Among the positive relationships,
land conservation indicators were strongest, consistent with the

expectation that land conservation is also a water protection effort.

A weak positive relationship with material footprint per unit of GDP
(SDG 8.4.1/12.2.1) was identified, which may indicate that the

Proportion of population using basic drinking water
services

Electronic waste generated, per capita

RESERVOIR

MAXIMUM
WATER AREA

Manufacturing value added as a proportion of GDP

GNI per capita, Atlas method

Urban population as percentage of total population

world is moving closer towards a decoupling of economic activities
from resources use, though it is expected to be negative.

The strongest negative relationship was identified between GNI per

capita and lakes, rivers and reservoirs water area (SDG 6.6.1). As

global GNI per capita grows, leading to more water use, decoupling

water resources from economic growth has become essential

to preserve surface-water and groundwater resources. One cost-

effective way to achieve this decoupling is for governments to

develop and implement integrated water resources management 63



strategies at national, subnational and basin levels (UNEP 2016¢).
Electronic waste generated per capita (SDG 12.4.2) was also
found to have significant strong negative relationship with water
resources. This implies the need for stronger policies targeting
the production and management of electronic wastes, both within
national borders and transboundary, more specifically focusing
on the potential of recycling or reusing materials in the context of
shifting from a linear to a circular economy.

Reservoirs water area (SDG 6.6.1) were negatively impacted by
the proportion of population using basic drinking water services
(SDG 1.4.1) and the percentage of urban population. Although
accessing clean drinking water is a basic human right, the focus
of better access lies in increasing the efficiency of water use or
water infrastructure including water supply networks. Such actions
require national water policies that target water infrastructure,
regulatory systems and water use.

4.1.2 State of freshwater-related ecosystems’
impact on state of human well-being

w a. SDG 1.1.1 sub-indicator on the proportion of
population below international poverty line
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SDG indicator 1.1.1 on employed population below the international
poverty line monitors the share of employed persons living in
households with per capita consumption or income that falls below
the international extreme poverty line of USS 1.90 per day (UNSD
2022a)." This indicator's main target is to reduce the proportion

to zero, thereby eradicating extreme poverty. The adequacy of
earnings and income is a fundamental aspect of human rights

and essential in alleviating poverty across the world (Sullivan and

Hickel 2023). Gender analyses of poverty-related data indicate
that women constitute the majority of the world's poor. Such
information is crucial to ensuring that poverty eradication efforts
focus on the inclusion of women as key stakeholders as well

as in economic empowerment activities such as environmental
management and governance.

A total of four state of the ecosystem indicators were identified
to have negative relationships with SDG 1.7.1. The negative
relationships between water quantity and poverty are well
recorded in the literature. Reduced water availability or water
scarcity exacerbates the consequences of poverty (Gleick

and Cooley 2021). The 2016 edition of UNESCO’s World Water
Development Report (WWAP 2016) states that unsustainable
water management, in addition to other natural resources, causes
significant harm to economies and society by reversing poverty
reduction gains. Additionally, women and girls tasked with water
collection spend more of their time collecting water for domestic
consumption rather than in pursuit of education or economic
empowerment, further pushing them into poverty and sometimes
putting them in danger when the water source may bein a
secluded or conflict-torn area.

Water, as well as being a basic necessity, benefits society and
communities in the form of ecosystem services that help create
jobs related to water, including agriculture or aguaculture in
freshwater streams, which alleviate poverty. Studies have noted
that aquaculture has the potential to help alleviate poverty,
especially in areas where there is sufficient freshwater or even
marine water available for aquaculture. In the Philippines, poverty
among farmers unengaged in aquaculture was found to be around
771 per cent while poverty among farmers engaged in aquaculture
of small-scale tilapia was around 43 per cent (Palanca-Tan 2018-
2019). Such proclamations and impacts of water availability on the

10 Please note that in September 2022, the World Bank updated the extreme poverty line to $2.15 per person per day based on 2017 PPPs (WB 2022b).
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Figure 4.5 General model for employed population below international poverty line, global level
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Carbon dioxide emissions per unit of GDP, purchasing
power parity (PPP)
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environmental factors

proportion of employed population below the international poverty
line (SDG 1.1.1) confirm the results of the statistical analysis about
the negative relationship.

The statistical analysis identified one positive relationship between
SDG 9.4.1 on CO, emissions per unit of GDP and SDG 1.1.1 on
employed population below the international poverty line. Much
research across the literature discusses the impact of CO,
emissions and its role in alleviating poverty (Hubacek et al. 2017;
Bruckner et al. 2022). Both studies found that lifting people out

of extreme poverty (USS 1.90 per day) would not jeopardize the

Lakes and rivers permanent water area

Lakes and rivers seasonal water area

Reservoir minimum water area

Reservoir maximum water area

EMPLOYED
POPULATION
BELOW
INTERNATIONAL
POVERTY LINE

Red List Index

Completionrate of upper secondary education

climate target, as it would only result in an increase of 1.6 to 2.1

per cent or less of carbon emissions. However, no literature studies
could be found on CO, intensity and its impact on proportion

of population below the international poverty line, making it a
challenge to interpret the results.

The statistical analysis has identified a strong negative relationship
between the completion rate of upper secondary education

(SDG 4.1.2) and the proportion of employed population below

the international poverty line (SDG 1.1.1). “Water education is 65
often linked with poverty eradication..” (UNESCO 2009). Skills
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development, through school learning reduces poverty and
unemployment. UNESCO states that “for every one US dollar spent
on education, as much as USS 10 to USS 15 can be generated

in economic growth” (UNESCO 2012). This indicates that an
improvement in the completion rate of upper secondary education
would mean a decrease in the percentage of employed population
below the international poverty line (SDG 1.1.1), reflecting the
results of the analysis.

The Red List Index measures the conservation status of all species.
Using this index, the statistical analysis identified a negative
relationship between SDG 15.5.1 and SDG 1.1.7 on employed
population below the international poverty line. In fact, a study
looking at research linking biodiversity conservation to poverty
alleviations found that the most important attribute of poverty
alleviation was the abundance or extent of biodiversity (Roe and
Geneletti 2016). This is because biodiversity loss is connected to
the loss of ecosystem service provisioning. Whether people are
employed or not, biodiversity conservation from the species status
perspective impacts poor communities by limiting their access

to available food, thus deepening their poverty. Many poor and
malnourished communities depend on inland fisheries, that is,
freshwater fisheries (Mclntyre, Reidy Liermann and Revenga 2016),
which is also explained by the negative relationship that suggests
an increase in the Red List Index (which translates to a decrease in
a species'’ risk of extinction) might decrease employed population
below the international poverty line (SDG 1.1.1).

DECENT WORK AND
ECONOMIC GROWTH

b. SDG 8.5.2 sub-indicator on
unemployment rate

o

SDG 8.5.2 conveys the percentage of unemployed persons in

the labour force (all those of working age, usually aged 15 and
above). Unemployment reflects the underutilization of a country’s
labour supply as well as the inability of an economy to generate

employment for those persons who want to work but do not or
cannot, even though they are available for employment and actively
seeking work (UNSD 2022a). Unemployment does not present
equally across age and gender. Youth and women, among other
groups, are more likely to be unemployed (ILO 2021).

The statistical analysis identified only negative relationships

with state of the ecosystem indicators and socioeconomic and
environmental factors. For the state of the ecosystem indicators,
SDG 6.6.1 sub-indicators on lakes and rivers seasonal water area
and reservoirs minimum and maximum water area showed a
negative relationship with unemployment rate (SDG 8.5.2). There
are two aspects of how water resources are linked to employment.
The first aspect is the role of water resource availability in reducing
unemployment while the second aspect is about the role of water
resources as a sector in providing jobs. For instance, the World
Water Development Report 2016 stated that people who have the
least access to water and sanitation are usually the most likely to
have poor access to health care and stable jobs, thus continuing
the cycle of poverty (WWAP 2016). As presented in other sections
in this chapter, water resources are necessary to all sectors of the
economy, in particular to agriculture, industry and energy. More
specifically, water is an essential resource in many industries,

and its availability, along with the efficiency of its use, impacts

the growth of sectors. This is directly linked to job creation in the
economy. It is estimated that three out of four jobs globally depend
on water (WWAP 2016). The second aspect of the role of water
resources as a sector in providing jobs is presented in the section
on employed population below the international poverty line (SDG
1.1.7).

The statistical analysis has also identified a negative relationship
between manufacturing value added as a proportion of GDP

(SDG 9.2.7) and unemployment rate (SDG 8.5.2). A study in the
West Kalimantan Province of Indonesia has identified a positive
relationship between manufacturing value added and employment.
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Figure 4.6 General model for unemployment rate, global level
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(Jamaliah 2016). In addition, improvement in manufacturing value
added will interest investment, increasing the demand for the

goods and services industry. The more the role of manufacturing An essential macronutrient, water plays a fundamental part in

value added per GDP is reduced, the more significant the role many physiological and metabolic processes. In children, these

of manufacturing in countries’ national economic development processes are particularly complex as thirst and thermoregulation
becomes (UNSD 2022a). An increase in manufacturing value added develop. For children, the percentage of body water content

as a proportion of GDP (SDG 9.2.1) would lead to a decrease in decreases significantly in the first 2 years of life, from

unemployment rate (SDG 8.5.2), as presented in the results of the approximately 75 per cent at birth to 55 per cent around puberty. 67

statistical analysis.
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Not only do the quantity and quality of what is drunk affect health
in later life, but also the accessibility of the water itself, as regular
hydration alongside nutrition undergirds a healthy and balanced
diet. It has recently been shown for the first time that by increasing
water intake over a four-day period to 2.5 litres a day significantly
improves cognitive flexibility compared with low water intake (0.5
litres a day) in children (Khan et al. 2019). Safe accessible water
can also support the growth and development of nutritious foods
which in turn can optimize the health of a population.

The health of ecosystems, their quality and integrated
management of water resources are closely intertwined with
nutritional changes in the population. Access to adequate water
sanitation in low- and middle-income countries has been pivotal in
reducing infectious diseases among children and in improving food
choices. These actions have led to a reduction in the prevalence
of diarrhoeal diseases and have helped reduce the prevalence

of undernutrition in children. Despite this progress, malnutrition
remains a public health challenge across low- and middle-income
countries, where overweight and obesity continue to grow, and the
reduction of stunting and wasting is slow.

In this context, three indicators are used in the following section to
better understand the impact of water resources availability (SDG
6.6.1) and undernourishment and malnutrition. SDG 2.1.1 defines
undernourishment as “the condition by which a person has access,
on a regular basis, to the amount of food that are insufficient to
provide the energy required for conducting a normal, healthy and
active life, given his or her own dietary energy requirements” (UNSD
2022b). The SDG 2.2.1 and 2.2.2 malnutrition indicators on children
stunting (child is too short for their age) and on the prevalence

of overweight (the child is too heavy for their height) are both
pertinent, respectively, to undernutrition (WHO 2021) and children's
having too few calories for the amount of consumed food (UNSD
2022b).

As stunted and overweight are different forms of malnutrition
(together known as the double burden of malnutrition), the
interpretation of the statistical analysis results will be combined.
The statistical analysis has identified negative relationships
between SDG 6.6.1 on lakes, rivers and reservoirs water area and
SDG 2.2.1 on the proportion of children moderately or severely
stunted. Water resources, such as lakes, rivers and reservoirs play
an essential role in agriculture and food production. The lack of
water for crop irrigation or livestock feeding impacts the income
of households and reduces their ability to purchase nutrient-dense
food (Chase et al. 2019), leading to undernourishment. Freshwater-
related ecosystems have a particular impact on undernutrition and
significant stunting, possibly due to mediation through protein-
energy malnutrition and micronutrient deficiencies arising from
food production and nutrient quality in the food supply chain. On
the other hand, freshwater resources house varieties of protein-
dense fish that can alleviate malnutrition problems (Phosa 2016).
Therefore, increased lakes, rivers and reservoirs water area (SDG
6.6.1) could lead to a decrease in the proportion of children
moderately or severely stunted (SDG 2.2.1).

In parallel, many low-income and middle-income countries’ dietary
habits have changed where nutrient-deficient food has been
replacing healthy food — specifically the cheap ultraprocessed
food and beverages (Popkin, Corvalan and Grummer-Strwan
2020), which require a significant amount of water to be produced
(Garzillo et al. 2022). Though this explains how overweight impacts
water resources, it remains challenging to interpret how the
increase in water resource availability may lead to an increase in
the proportion of children moderately or severely overweight (SDG
2.2.2).

The direct exploitation of organisms has been categorized as the
second main direct driver of species extinction (IPBES 2019). The
human impact on species’ extinction threat level is accelerating.
According to UNEP, “the loss of diverse diets is directly linked
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Figure 4.7 General model for the proportion of children moderately or severely overweight, global level
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to diseased or health risk factors, such as diabetes, obesity

and malnutrition” (UNEP 2019b). Hence, the more species that
are at risk for extinction (SDG 15.5.1 on the Red List Index is
increasing), the higher the proportion of children moderately or
severely overweight (SDG 2.2.2), which reflects the strong positive

et al. 2016), which reduces nutrients in agricultural products
(Myers et al. 2014; Ebi and Ziska 2018) and leads to malnutrition.
Although research is not extensive on the impact of CO, intensity
on malnutrition, it may be deduced that, with decreased CO,
emissions per unit of GDP (i.e. less CO, required to produce one

relationship identified by the statistical analysis.

CO, emissions per unit of GDP (SDG 9.4.1) is a factor that affects
both stunting and wasting on one hand and overweight and obesity
on the other. Much research has been done on the impact of
increased CO, emissions on agricultural production (Springmann

economic output), less pressure would be exerted on agricultural
production. This is expected to be reflected in a decrease in the
proportion of children moderately or severely stunted (SDG 2.2.1)
and a decrease in the proportion of children moderately or severely
overweight (SDG 2.2.2).
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Figure 4.8 General model for the proportion of children moderately or severely stunted, global level
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Undernourishment, as previously defined, focuses on the
insufficient intake of food for maintaining a healthy and active life.
The statistical analysis identified a negative relationship between
the SDG 6.6.1 sub-indicators on lakes, rivers and reservoirs water
area and on the prevalence of undernourishment (SDG 2.1.1). A
study in India in 2019 revealed that maintaining or reducing water
use while maintaining cereal production was possible, as the same
water quantities were used between 2005 and 2014 and achieved

Lakes and rivers seasonal water area

Reservoir minimum water area

Reservoir minimum water area

PROPORTION OF
CHILDREN
MODERATELY
OR SEVERELY
STUNTED

an increase of 26 per cent in cereal production. By shifting cereal
production to the dry season and enhancing maize, millet and
sorghum production, India was able to maintain or reduce water
use (Kayatz et al. 2019). Reducing water use in the agriculture
sector helps increase water availability, in turn expanding lakes,
rivers and reservoirs water area, while at the same time being able
to produce more crops to feed populations and procure sufficient
food intake to reduce undernourishment (Mughal and Sers 2020).
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Figure 4.9 General model for prevalence of undernourishment, global level
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The statistical analysis identified a positive relationship The statistical analysis identified a positive relationship between
between CO, emissions per unit of GDP and the prevalence of the energy intensity level of primary energy (SDG 7.3.1) and
undernourishment (SDG 2.1.1). Increased CO, emissions were prevalence of undernourishment (SDG 2.1.1) as well as a negative
found to negatively impact livestock production systems through relationship between installed renewable electricity-generating
their impact on pasture and rangeland quality (biomass and capacity (SDG 7.b.1) and prevalence of undernourishment (SDG
nutritional quality) and quantity (Mbow et al. 2019). Therefore, an 2.1.1). Electricity and energy are essential factors in the value chain
increase in CO, emissions per unit of GDP (SDG 9.4.1) may imply of food production and utilization, which comprises production

an increase in the prevalence of undernourishment (SDG 2.1.7) domains of different types of food, post-harvest processing, food
(Mbow et al. 2019). storage and transformation, transport, distribution and preparation,

among other processes (Candelise, Saccone and Vallino 2021). 71



More specifically, rural areas’ access to off-grid renewable energy
technologies can lead to agricultural development through
increasing productivity, efficiency and food products storage. The
increased access to electricity (increasing the installed renewable
electricity-generating capacity) leads to improved levels of food
security and a decrease in prevalence of undernourishment
(Candelise, Saccone and Vallino 2021). Moreover, carbon-intensive
electricity production carries a negative impact on the prevalence
of undernourishment (Raiten and Combs 2019; Shah, Dulal and
Awojobi 2019). This can be interpreted as: the higher the energy
intensity level of primary energy (SDG 7.3.1), the higher the
prevalence of undernourishment (SDG 2.1.1).

As previously presented, the more species that are at risk of
extinction, the more negative the impact on children’s nutrition and
health becomes. The results of the statistical analysis reinforce
this argument, as a decrease in the risk of species going extinct
may cause a decrease in the prevalence of undernourishment (SDG
2.1.7).

d. Conclusion

Malnutrition and undernourishment were shown to be strongly
impacted by SDG 7.b.1 on installed renewable electricity-
generating capacity and by SDG 9.4.1 on CO, emissions per unit

of GDP, and less strongly by water resources. As these indicators
impact the provision, quality, access, storage and utilization of
food products, they exert significant impact on malnutrition and
undernourishment. Therefore, targeted policies that consider these
indicators could play an essential role in reducing malnutrition and
undernourishment.

Employed population below the international poverty line (SDG
1.1.1) was strongly impacted by completion rate of upper
secondary education (SDG 4.1.2) and CO, emissions per unit

of GDP (SDG 9.4.1). The first indicator focuses on improved
education, showing no uncertainty about the impact that improved

education has on financial status and livelihood. With mounting
evidence of the impact of CO, emissions on people’s health,
limiting or reducing CO, emissions requires financial and emissions
policies to call for more efficient and stricter regulation in countries’
economic sectors.

Unemployment rate (SDG 8.5.2) was found to be negatively
impacted by lakes, rivers and reservoirs water area (SDG 6.6.1).
As most jobs are found in water-intensive sectors, be they energy
production, manufacturing or agriculture, and due to the limited
water resources that are available on the planet, these sectors
are focusing on exploring new technologies that are less water
intensive. Hence, appropriate policies that encourage sectors

to be less water dependent (financial incentives or taxation), yet
simultaneously have in place regulatory systems to limit the use
of water in these sectors, could be impacting jobs and water
resources positively.

4.2 Interlinkages analysis of freshwater-
related indicators at national level

4.2.1 Colombia

Colombia, a country in north-west South America, encompasses
1,600 km of northern coastline that borders the Caribbean Sea,
and 1,300 km of western coastline that borders the Pacific Ocean.
The population is largely concentrated in the mountainous interior,
where Bogota, the national capital, sits a high plateau in the
northern Andes Mountains (Anselm, Brokamp and Schutt 2018).
Colombia is considered one of the most water-rich countries in
the world, whose water resources include mountain lakes, deep-
lying aquifers, streams, rivers and the water emanating from the
Paramos wetlands (WB 2020a). However, there is a misconception
between freshwater availability and water demand mainly because
of the lopsided geographical distribution of Colombia’s water, with
most freshwater aquifers being located in the Amazon Basin where



Map 4.1 Official map of Colombia (United Nations, 2022)

the population is sparse (OECD/ECLAC 2014). Colombia has the
most diverse bird species in the world, with over 1,900 species
(Renjifo, Amaya-Villarreal and Butchart 2020).

Access to safely managed drinking water (i.e. water from improved
sources that are accessible on premises, available when needed
and free from faecal and chemical contamination) has slowly been
increasing in Colombia. Improved water sources include piped
water, boreholes or tube wells, protected dug wells, protected
springs, rainwater and packaged or delivered water. As of 2020,
approximately 73 per cent of Colombia’s population have access
to such water. Urban water supply coverage is still far more
extensive (80 per cent of urban population) than rural water supply
coverage (40 per cent of rural population), and even for many of
those in rural areas with access to water supply, water quality

is so low that the supply is not potable (WB 2020a). Women are
often disproportionately impacted by environmental issues due to
their social and economic vulnerabilities and having less access

to economic resources, education and legal rights (UNEP 2020).
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For example, women in Colombia often rely on agriculture and
fishing as sources of income, and environmental degradation can
significantly impact these sectors.

4211

Impact of drivers of change on the state of
freshwater-related ecosystems

el 2. SDG 6.6.1 sub-indicators on lakes and rivers

AND SANITATION

E water area (permanent and seasonal)

The SDG 6.6.1 sub-indicators covering lakes and rivers water
area, whether permanent or seasonal, are tested in this section

to provide better insight from a national perspective on the
relationship between drivers of change and socioeconomic and
environmental factors. Based on Colombia’s data, lakes and rivers
permanent water area increased from 2000 to 2013 and then
decreased until 2019 to lower values than 2001 data. The lakes
and rivers seasonal water area, however, show an increasing trend
since 2000.

The following show a similarly increasing trend since 2000:

» SDG 1.4.1 on proportion of population using basic drinking
water services

» SDG 6.1.7 on proportion of population using safely managed
drinking water services

» SDG 15.1.2 on average proportion of freshwater KBAs covered
by protected areas

» SDG 15.1.2 on average proportion of terrestrial KBAs covered
by protected areas

» SDG 15.4.1 on average proportion of mountain KBAs covered
by protected areas

> SDG 6.4.2 on level of water stress (freshwater withdrawal as
a proportion of available freshwater resources) and GNI per 73
capita
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In comparison with the statistical analysis results obtained in the Armenteras and Retana 2015; Ruiz Toro et al. 2020). On the other
global section, SDG indicators 15.1.2 and 15.4.1 on the average hand, the SDG 15.2.1 sub-indicator on average proportion of
proportion of terrestrial KBAs and mountain KBAs, respectively, show freshwater KBAs covered by protected areas only shows a strong

a strong positive relationship with lakes and rivers permanent and positive relationship with lakes and rivers seasonal water area (SDG
seasonal water area (SDG 6.6.1). Terrestrial KBAs and mountain 6.6.1), and a non-statistically significant relationship with lakes and
KBAs play an important role in the conservation and maintenance rivers permanent water area (SDG 6.6.1).

of their respective ecosystems, which promotes the function of

water conservation in the headwaters of rivers and lakes as well as The statistical analysis has shown a strong negative relationship
the stability and continuous expansion of the permanent water area between SDG 6.4.2 on water stress and lakes and rivers permanent
of rivers and lakes (Anselm, Brokamp and Schutt 2018; Rodriguez, water area (SDG 6.6.1). It is certain that an increase in water

Figure 4.10 General model for lakes and rivers permanent water area, Colombia
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stress, which represents the proportion of withdrawal of available
freshwater resources, will lead to a decrease in lakes and rivers
water area, as the extracted water comes from these resources,
which can be seen in the decreased water area. Because of
Colombia's fast economic growth, there are significant plans

for agro-industrial expansion, which may seriously affect water
availability (Pimentel, Prada and Walschburger 2021). In contrast
to water stress, SDG 6.4.1 on water-use efficiency has shown to
have a strong positive relationship with lakes and rivers permanent
water area (SDG 6.6.1). Using the International Standard Industrial
Classification (ISIC) of All Economic Activities, the indicator
measures the unit of economic output for each cubic metre of
water at three sectoral levels: (a) agriculture (ISIC A), (b) industry
including power production (ISIC B, C, D and F) and (c) services
(ISIC E and ISIC G-T), meaning that the higher the water-use
efficiency of any sector, the less water is required to generate the
same economic output. This decreases the need to withdraw
water from permanent lakes and rivers to supply the sectors, which
leads to an increase in lakes and rivers permanent water area (SDG
6.6.1), and vice versa.

While the evidence in the global section shows a negative
relationship between GNI per capita and lakes and rivers

M
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permanent water area (SDG 6.6.1), Colombia sees a positive
relationship. Although an increase in GNI per capita would generally
lead to an increase in water consumption and extraction, this can
differ in a territory where vast water resources are available and
population is sparse, as with Colombia.

The increase in manufacturing value added as a percentage of GDP
(SDG 9.2.1) refers to the expansion of the manufacturing sector

as part of the economy. The more this sector expands, the more
natural and other resources are needed. Unless an increase in
manufacturing value added as a proportion of GDP (SDG 9.2.1) is
based on environmentally sound practices (that lead to the expansion
of the manufacturing sector), its relationship with lakes and reservoirs
permanent water area (SDG 6.6.1) is expected to be negative.

As discussed in the global section, the relationship between
proportion of population using basic drinking water services (SDG
1.4.1) and lakes and rivers seasonal water area (SDG 6.6.1) is
expected to be negative, as the allocation of more water to the
population will lead to a decrease in water area. This is the case in
Colombia, where its data inform that the proportion of population
using basic drinking water services has been constantly increasing
since 2000.
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Figure 4.11 General model for lakes and rivers seasonal water area, Colombia
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I b, SDG 6.6.1 sub-indicators on reservoirs water increases the reservoirs water area (He et al. 2019). As presented
area (minimum and maximum) in the lakes and rivers section, the increase in renewable energy
capacities and generation is beneficial for water resources, which

explains the positive relationship with reservoirs minimum and

The statistical analysis has identified a positive relationship maximum water area. In addition, the negative relationship between
between the renewable energy share in the total final energy SDG 7.3.1 on energy intensity level of primary energy and SDG 6.6.1
consumption (SDG 7.2.1) and reservoir minimum and maximum on reservoirs minimum and maximum water area results from the
water area (SDG 6.6.1). Colombia’s energy mix had renewables less water required when energy intensity is improved (lower energy
at almost 23 per cent in 2019. Of that 23 per cent, around 11 per requirement to produce one unit of output), especially for energy
cent originated from hydropower electricity. More water storage sources such as fossil fuels and nuclear energy (Sarkodie and

76 is needed to operate upstream hydroelectric power plants, which Owusu 2020; D'Odorico et al. 2018; Scanlon et al. 2017).
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Figure 4.12 General model for reservoirs maximum water area, Colombia
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As presented in the section on lakes and rivers, indicators related
to preservation of the surrounding environment of water resources
play an important role in water conservation. This is also confirmed
by the positive relationship between the average proportion of
freshwater KBAs covered (SDG 15.1.2) and average proportion

of mountain KBAs covered (SDG 15.4.1) with reservoir minimum
water area (SDG 6.6.1).

The statistical analysis identified strong positive relationships
between (a) urban population as percentage of total population,
(b) proportion of population using basic drinking water services

RESERVOIR

MAXIMUM
WATER
AREA

Energy intensity level of primary energy

(SDG 1.4.1) and (c) water-use efficiency (SDG 6.4.1) and reservoir
minimum water area (SDG 6.6.1). As more people move to cities
(increase of urban population as percentage of total population),
the water service providers of those cities will become more
efficient in water delivery, for example by reducing water loss in
networks (Campuzano Ochoa et al. 2015; Mahjabin et al. 2018).
This would lead to a higher proportion of population using basic
drinking water services and increased water-use efficiency in the
residential sector as well as contribute to the consumption of fewer
water resources, including reservoirs water area (SDG 6.6.1).
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As presented in Colombia's lakes and rivers water area section, its
level of water stress carries a negative impact on water resources.
From this it can be concluded that a higher level of water stress
coincides with fewer water resources available and quantities that
can be stored (e.g. reservoirs) and vice versa (Weber et al. 2017).

The statistical analysis has identified a negative relationship
between domestic material consumption per unit of GDP (SDG
8.4.2/12.2.2) and reservoir minimum water area (SDG 6.6.1). The

higher the domestic material consumption per unit of GDP is, the
less efficient processes become, requiring more water.

The statistical analysis shows a positive relationship between
manufacturing value added as a proportion of GDP (SDG 9.2.1)
and reservoir minimum water area (SDG 6.6.1). As presented in
the global section, the increase of manufacturing value added
as a proportion of GDP, coupled with environmentally sound
practices to support the expansion of the sector might require

Figure 4.13 General model for reservoir minimum water area, Colombia
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fewer natural resources. In Colombia in 2021, the agribusiness
sector represented 7.4 per cent of the value added as proportion of
GDP (UNSD 2022c). In response to climate change in the country,
ecosystem-based adaptation methods in the agriculture sector —
coupled with political will and policy coherence — are improving the
resilience to vulnerable farmer communities (WRI 2022). On the
other hand, the negative relationship between CO, emissions per
unit of GDP (SDG 9.4.1) and reservoirs water area (SDG 6.6.1) is
driven by improved efficiencies, as presented in the global section.

c. Conclusion

Colombia’s analysis has shown a strong positive relationship
between biodiversity conservation and water resources. Being

the second-most biodiverse country on Earth, the Colombian
Government developed the Biodiversity Action Plan (2016-2030)
to implement the National Policy for the Integral Management

of Biodiversity and its Ecosystem Services. This action plan to
conserve biodiversity is aligned with the national policy for the
integrated management of water resources, among other national
policies that centre the conservation of biodiversity and threatened
species and ecosystem restoration, among others (MESD 2017).
These conservation efforts combined show the significance of
such identified relationship to the national context.

In addition, water-use efficiency indicators show a strong positive
relationship with water resources. In 2010, Colombia adopted

its policy on integrated water resources management, which, in
addition to water resource management, focuses on the efficiency
of use and evidence-based decision-making, among other targets
(OECD 2020). Water resource management in Colombia is
community-based; water is a fundamental human right there, and
legal instruments are in place to ensure community participation
in management and decision-making (Fromherz and Lyman 2021).
The strongest negative relationship was identified between the
level of water stress and water resources, which is expected to be
monitored closely due to the country’s agro-industrial expansion.
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4.2.1.2 State of the freshwater-related ecosystems’
impact on the state of human well-being

In this section, SDG 6.1.7 on proportion of population using safely
managed drinking water services is considered as the dependent
variable, hence the section will present the impact of the state of

the ecosystem and socioeconomic and environmental factors on
the proportion of population using safely managed drinking water
services.

el 2. SDG 6.1.1 sub-indicator on proportion of

AND SANITATION

population using safely managed drinking
E water services

The seasonal water area of freshwater lakes and rivers as well

as that of reservoirs (SDG 6.6.1) has a positive relationship with
the proportion of population using safely managed drinking water
services (SDG 6.1.1). A 0.46 per cent increase in the proportion

of population in Colombia using safely managed drinking water
services is directly related to an increase of 1 per cent in the
seasonal water area of lakes and rivers (SDG 6.6.1). Similarly,
when reservoirs minimum and maximum water area (SDG 6.6.1)
increase, so too does the proportion of population using safely
managed drinking water services (SDG 6.1.1).

Colombia's alpine wetlands, or paramos, provide essential
ecosystem services in the regulation of the country’s hydrological
cycle (OECD/ECLAC 2014; WB 2020a). They are also the source of
major rivers in the country including the Cauca, the Magdalena and
the Meta. Around 70 per cent of the Colombian population's water
supply originates from the paramos. For example, the paramos in
the Chingaza National Park, Sumapaz Paramos and Cruz Verde
supply water to Bogotéd (OECD/ECLAC 2014). Payment by the
Bogota water utility to the Chingaza National Park helps to protect
this habitat and secure most of the supply of good-quality drinking
water to Bogotd, as well as some of the water supply for the
country’s hydropower generation (OECD/ECLAC 2014). The Belmira
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paramo supplies water to Medellin, and the Santurban paramo expansion, cattle ranching and infrastructure development (WWF-
supplies water to Bucaramanga (OECD/ECLAC 2014). Mining Colombia 2017). Future water yield will largely be determined by
operations and growing agricultural activities threaten much of the land usage and the impact of climate change. Data indicate that
paramos, which Colombia’s population depends on for freshwater. Colombia will be unable to sustain the hydrological functionality
A decrease in the area of these sensitive and unique freshwater of watersheds without safeguarding forest, water and coastal
ecosystems will carry significant implications for the future of ecosystems via the designation and effective management of key
drinking water services in Colombia (WB 2020a). protected areas (Valenzuela 2022). This would not only protect
biodiversity, but also support ecosystem services such as water
Around 24 per cent of Colombia’s freshwater-related ecosystems provision and climate regulation, enhancing community well-being.

show transformations caused by urbanization, agriculture

Figure 4.14 General model for population using safely managed drinking water services, Colombia
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There is a positive relationship between GNI per capita and
proportion of population using safely managed drinking water (SDG
6.1.1). As presented in the global section, an increase in national
income per capita leads to improvements in people’s lifestyles and
their abilities to afford and access improved water sources and
services. Access to clean drinking water and sanitation reduces
health risks and frees up time for education and other productive
activities.

The statistical analysis implies a negative relationship between
SDG 15.5.1 on the Red List Index and SDG 6.1.7 on the proportion
of population using safely managed drinking water services. Such
a relationship is challenging to interpret, because the proportion of
population using safely managed drinking water services typically
affects the extinction level of various species. The building of
infrastructure and the withdrawal or diversion of water to attend to
population needs for drinking water causes species to decrease. In
addition, due to the expansion of illicit crops and mining activities,
freshwater-related ecosystems have deteriorated, and species
including game birds, predatory birds, parrots and large frugivores
have become the most threatened in the high Andean Forest
paramo (Renjifo, Amaya-Villarreal and Butchart 2020).

There is a significant negative relationship between CO, emissions
per unit of GDP (SDG 9.4.1) PPP and proportion of population using
safely managed drinking water services (SDG 6.1.1). Lower CO,
emissions per unit of GDP PPP implies less CO, emitted per unit of
GDP This relationship could result from Colombia’s heavy reliance
on hydropower, which causes CO, emissions from fuel combustion
to be lower per unit of GDP (OECD/ECLAC 2014). Since drinking
water supply requires energy, greater use of hydropower would
ensure a lower level of CO, emitted.

The share of the energy intensity from fossil fuels in Colombia
is slowly decreasing. While this indicates improvement in energy
efficiency, especially for the production of energy from fossil fuels,
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the water requirement to produce one unit of output is reduced,
that is, less quantity of water used from lakes and rivers. This
negative relationship is visible in Colombia.

b. Conclusion

With the paramos providing over 70 per cent of the drinking water
in Colombia, their protection is essential. Land-use changes,
specifically those caused by mining and illicit agriculture, are
upsetting the delicate ecosystem services that the paramos
provide. As water supply is intricately linked with the health of
water-related ecosystems, it is essential that Colombia maintain

a sustainable balance between the protection of ecologically
importance water sheds and socioeconomic growth opportunities.

4.2.2 Mongolia

Located in Eastern Asia, Mongolia is one of the largest landlocked
countries in the world, with a land area of around 1.56 million km?
(Government of Mongolia 1997). Its remarkable variety of terrains
consists of upland steppes, semi-deserts and deserts, while in

the west and north of the country, forested high-mountain ranges
alternate with lake-dotted basins. Most of Mongolia is a plateau,
with an average elevation of about 1,580 metres above sea level.
The highest peaks feature in the Mongolian Altai Mountains
(Mongol Altain Nuruu) in the south-west, a branch of the Altai
Mountains system. Some three quarters of Mongolia's land area
comprise pasturelands, which support the immense herds of
grazing livestock. Freshwater-related ecosystems belong to the
three major drainage systems of Central Asia: the Arctic Drainage
Basin, Amur River's drainage basin and the Central Asian Internal
Drainage Basin (Lebedeva et al. 2020). The country’s population is
unevenly distributed, with most living in the central and northern
regions where socioeconomic activities are concentrated. The
southern region, where large mining activities are carried out, is the
least populated. The capital city Ulaanbaatar is home to almost 81
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Map 4.2 Official map of Mongolia (United Nations, 2022)

half the country’s population. The rapidly intensifying effects of
climate change are having a profound impact on the lives of people
in Mongolia, especially girls and women, as they often rely on
pastoralism and agriculture as sources of income (UN WOMEN
2022hb).

Although Mongolia contains plentiful water resources, they

are unevenly distributed across the land and seasons. Large
freshwater lakes and major rivers are found in the northern and
western regions of the country. The southern region, where arid
and desert ecosystems dominate with little rainfall, relies mainly
on groundwater resources for drinking water supplies, livestock
and mining. In recent decades, freshwater-related ecosystems
in Mongolia have experienced remarkable lake shrinkage due
to intensifying human activity and climate change (Hasumi,
Hongorzul and Terbish 2011; Liu et al. 2022; Shinneman et al.
2010; Yadamsuren et al. 2020). The endorheic lakes have also
been threatened by both salinization and eutrophication (Tang

et al. 2021), namely the Great Lakes region of western Mongolia.
Encompassing a diversity of lake ecosystems, from alpine
freshwater to lowland salt lakes, this region increasingly faces
environmental threats from excessive grazing and climate change
(Bouchard, Hayford and Ferrington 2022).

Mongolia has made progress in water and sanitation. Nonetheless,
providing access to safe drinking water for the entire population
remains a challenge. At the national level, 88 per cent of the total
population in 2020 had access to improved drinking water sources,
but only 30 per cent had access to safely managed drinking water
(UN n.d.b). Access to water and sanitation varies geographically
and socially. Several programmes on adequate housing,
implemented by the government since 2006 (SHC of Mongolia
2022), have resulted in the provision of access to safe drinking
water for thousands of additional households in Ulaanbaatar and in
provinces.

4221

Impact of drivers of change on the state of
freshwater-related ecosystems

CLEAN WATER

[T a. SDG 6.6.1 sub-indicators on lakes and rivers
E water area (permanent and seasonal)

Between 2000 and 2019, SDG 6.6.1 sub-indicator on lakes and
rivers permanent and seasonal water area show an increasing
trend. Data for SDG 1.4.71 on proportion of population using basic
drinking water services, SDG 6.4.1 on water-use efficiency, GNI per
capita and urban population as percentage of total population have
shown an increase since 2000. On the other hand, SDG 7.2.1 on
renewable energy share in the total final energy consumption, SDG
7.3.7 on energy intensity level of primary energy, SDG 8.4.2/12.2.2
on domestic material consumption per unit of GDP, SDG 9.4.1 on
CO, emissions per unit of GDP and SDG 15.5.1 on Red List Index
have exhibited a decreasing trend since 2000.
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The statistical analysis reveals a positive relationship between SDG receive significant pressure from the increase in urban population
6.6.1 sub-indicators on lakes and rivers permanent and seasonal or the proportion of population using basic drinking water services.
water area and (a) SDG 1.4.7 on proportion of population using SDG 6.4.1 on water-use efficiency has shown to have a positive
basic drinking water services, (b) urban population as percentage relationship with lakes and rivers permanent and seasonal water
of total population. In Mongolia, 80 per cent of water supply area (SDG 6.6.1). As this is an efficiency indicator of which data
originates from groundwater due to the cold climate that freezes for Mongolia indicate improvement for agriculture and industry
surface-water area during winter (Dandar 2017). Moreover, the water efficiencies (FAQO n.d.), which remain the two largest water-
central and northern regions of the country are the most populated, consuming sectors in Mongolia, this may imply a positive impact
making the reliance on groundwater for water supply imperative, on the water area of lakes and rivers, whether permanent or

as lakes and rivers permanent or seasonal water area would not seasonal.

Figure 4.15 General model for lakes and rivers permanent water area, Mongolia
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The statistical analysis has indicated a positive relationship Government has committed to increasing the share of renewable
between SDG 7.2.1 on renewable energy share in the total final energy nationwide to 30 per cent by 2030 by exploiting wind and
energy consumption and lakes and rivers permanent and season solar energies in the Gobi Desert region (IRENA 2016). Given that
water area (SDG 6.6.1). In Mongolia, most of the energy generated coal energy production is extremely water intensive (Luo et al.

in the country is based on coal, given its richness in natural 2014), the shift from energy produced by coal to wind and solar
resources. The current and future decommissioning of some impacts positively lakes and rivers permanent and seasonal water
plants, the nation’s growing electricity demand and the high level of area (SDG 6.6.1).

air pollution from coal energy production have led the Government

of Mongolia to shift to renewable energies, against the backdrop The statistical analysis indicates a negative relationship between
of a 2.6 terra-watt potential for the country (IRENA 2016). The SDG 8.4.2/12.2.2 on domestic material consumption per unit of

Figure 4.16 General model for lakes and rivers seasonal water area, Mongolia
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GDP and SDG 6.6.1 sub-indicators on lakes and rivers permanent
and seasonal water area. In Mongolia, domestic material
consumption per unit of GDP has been decreasing for the same
period, indicating that less material consumption is required

to produce one unit of GDP (UNEP 2021c). Since the greater
decrease in domestic material consumption per unit of GDP (SDG
8.4.2/12.2.2) is translated into the use of less water resources to
consume materials, this reflects an increase in lakes and rivers
water area (SDG 6.6.1), confirmed by the results of the statistical
analysis.

The statistical analysis identified a negative relationship between
(a) SDG 9.4.1 on CO, emissions per unit of GDP PPP, (b) SDG 7.3.1
on energy intensity level of primary energy, and SDG 6.6.1 sub-
indicators on lakes and rivers seasonal water area. In Mongolia,
85 per cent of total energy supplied in 2019 originated from coal,
with 97 per cent of electricity and heat generation CO, emissions
attributed to coal and other energy sources (IRENA 2022b). The
increase in coal production in Mongolia since 2000, coupled with
the water-intensive coal production sector, has had long-lasting
impacts on ecosystem processes and ecosystem services; surface
coal mining was responsible for the loss of 30 per cent of lakes
larger than 10 km? in the Mongolian Plateau (Ma et al. 2021). As
previously discussed, an improvement in energy intensity level of
primary energy (SDG 7.3.1) and CO, emissions per unit of GDP PPP
(SDG 9.4.1) (less values for energy intensity and CO, emissions
per unit of GDP) leads to the use of less water and an increase of
lakes and rivers water area. The Mongolian data indicate an overall
decreasing trend in energy intensity level of primary energy (SDG
7.3.1) and CO, emissions per unit of GDP PPP (SDG 9.4.1) while
the lakes and rivers seasonal water area (SDG 6.6.1) is overall
increasing (UNSD 2022b).
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e b. SDG 6.6.1 sub-indicators on reservoirs water

AND SANITATION

E area (minimum and maximum)

Mongolia's general models for reservoirs minimum and maximum
water area (SDG 6.6.1) are almost identical for positive and
negative relationship identified, except for the renewable energy
share in the total final energy consumption (SDG 7.2.1) that is
relevant to reservoir maximum water area only.

As presented in the lakes and rivers water area section, a positive
relationship was identified between (a) SDG 1.4.7 on the proportion
of population using basic drinking water services, (b) SDG 1.4.1
on urban population as percentage of total population and (c)
SDG 6.4.1 on water-use efficiency and reservoirs minimum and
maximum water area (SDG 6.6.1). The reliance on groundwater
resources to supply communities in Mongolia shifts the pressure
from surface-water resources, including reservoirs. In addition,
the improvement of water-use efficiencies due to many factors,
including more efficient water conveyance systems in urban
settings, have been shown to reduce the pressures on freshwater
resources (Shi et al. 2015; Onyenankeya, Onyenankeya and
Osunkunle 2027; Civitelli and Gruere 2016).

As presented in the lakes and rivers water area section, Mongolia’s
shift to renewable energy will exert less pressure on water
resources and improve the quantities of water available, for
example, in reservoirs.

The statistical analysis identified a positive relationship between

(a) SDG 15.2.1a on the average proportion of freshwater KBAs

covered, (b) SDG 15.2.1b on the average proportion of terrestrial

KBAs covered and (c) SDG 15.4.1 on the average proportion of

mountain KBAs covered with reservoirs minimum and maximum

water area (SDG 6.6.1). These relationships were discussed in

detail in previous sections, but in the context of Mongolia, many

actions have been taken by the government that may have a 85
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positive impact on reservoirs water area from the perspective of
biodiversity protection. Many national biodiversity conservation
action plans were prepared and implemented to increase the State
Special Protected Areas (SPAs) to 30 per cent by 2030 from 17.9
per cent (Mondal et al. 2019). The government has designated

sites as World Heritage sites, biosphere reserves as well as Ramsar

Sites, Important Bird and Biodiversity Areas and Flyway Network
Sites (WSCC n.d.).

A negative relationship was identified between level of water stress
(SDG 6.4.2) and SDG 6.6.1 sub-indicator on reservoirs minimum

and maximum water area. As the withdrawal of freshwater

resources leads to less water available for storage (Weber et
al. 2017), an increase in level of water stress will lead to less
reservoirs minimum and maximum water area (SDG 6.6.1), which
the statistical analysis confirms.

A positive relationship was identified between GNI per capita
and reservoirs minimum and maximum water area (SDG 6.6.1).
The country’s extensive reliance on groundwater coupled with
the impact of climate change on temperature makes it likely that
Mongolian reservoirs water area have been expanding while the

Figure 4.17 General model for reservoir minimum water area, Mongolia
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country has been increasing its GNI per capita steadily since 2010. area. As presented in the lakes and rivers water area section, the
Similarly, the improvement in manufacturing value added as a improvement of energy intensity level and CO, emissions per unit
proportion of GDP (SDG 9.2.7) indicates an expansion of the sector of GDP in Mongolia (coal represented 85 per cent of total energy
and is expected to be negatively linked to water resource areas, supplied in 2019) might have positive implications on the reduction
such as reservoirs, unless environmentally sound practices are of water use in the energy production sector (Gao et al. 2018) by
established. its potentially leading to an increase in water resources, specifically
reservoirs water area. Similarly, the improvement (i.e. decrease) of
The statistical analysis identified a negative relationship between domestic material consumption per unit of GDP (SDG 8.4.2/12.2.2),
(a) SDG 9.4.1 on CO, emissions per unit of GDP PPPR, (b) SDG leads to decrease in water use, and therefore an increase in
7.3.1 on energy intensity level of primary energy, and SDG 6.6.1 reservoirs water area (SDG 6.6.1).

sub-indicators on reservoirs minimum and maximum water

Figure 4.18 General model for reservoir maximum water area, Mongolia
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c. Conclusion

The strongest positive relationships with freshwater area in
Mongolia were found to be linked to water-use efficiency, urban
population, proportion of population with access to basic drinking
water services and GNI per capita. The economic situation in
Mongolia has been improving. More people are moving to urban
areas, causing a shift in water dependency to groundwater
resources. At the same time, the manufacturing industry and
mining sector, in addition to the weak enforcement of regulations,
are exerting pressure on water resources (Banerjee et al. 2014).

The strongest negative relationship was identified with CO,
emissions per unit of GDP. Given the extent and impact of
Mongolia’s mining sector — specifically its water-intensive activities
— on the country’s environment and water resources, laws and
regulations to improve the efficiency of CO, emissions per unit

of GDP are needed, along with policies that encourage or enforce
efficient and reduced water use by the sector.

4.2.2.2 State of the freshwater-related ecosystems’
impact on the state of human well-being

el 2. SDG 6.1.1 sub-indicator on proportion of

AND SANITATION

population using safely managed drinking
E water services

The inequalities in water and sanitation in Mongolia are linked

to socioeconomic, climatic and environmental factors, including
the geographically sparse population, cold climate with high
seasonality, uneven distribution of water resources across the
country, limited water and sanitation infrastructure, and the lack of
financial resources for the expansion and provision of water and
sanitation services. Steep inequalities in access to safe drinking

water exist among urban and rural populations. Access to safe
water and sanitation facilities is limited mainly to urban and built
areas. Similarly, socioeconomic inequalities in access to safe water
and sanitation services remain high between different housing
types.

Nationally, inhabitants of apartment buildings use safe water from
centralized water supply systems (around 29 per cent), whereas
those living in detached houses and traditional homes called “‘ger”""
rely on other drinking water sources and are often not connected
to centralized water and sanitation networks (around 64 per cent
have access to safely managed drinking water services) (NSO
Mongolia 2020). In Ulaanbaatar, more than 90 per cent of the
city’'s population has access to safe drinking water. Ger districts
are home to about 60 per cent of the city’s population, while the
majority of people in small towns and settlements in rural areas
live in ger. Sources of drinking water for households in ger districts
include public distribution points (kiosks) connected to centralized
water supply networks; kiosks with purified water transported by
trucks from the centralized water supply system; protected wells,
springs and streams; unprotected wells and springs; and open
water sources (rivers, lakes and ponds).

Furthermore, there are inequalities in water consumption

between residents in apartment buildings and in ger districts

due to the accessibility of water and different water tariffs. Water
consumption in ger areas is limited to basic needs such as
drinking, cooking and hygiene. In contrast, residents in apartment
buildings consume as much as 270—-350 litres per capita/day
(UNESCO 2013). In addition, households in ger districts pay higher
water tariffs compared with the tariffs paid by households in
apartment buildings.

11 "The Ger is a round structure of walls, poles and a peaked roof covered with canvas and felt, and tightened with ropes.” (UNESCO n.d.)




There is a positive link between the state of freshwater resources
and ecosystems (SDG 6.6.1) and access to safe drinking water.
Water pollution hinders access, while interventions to protect and
improve water quality and ecosystem health grant populations
better availability and quality of water resources for drinking and
other uses. These relationships are particularly evident in Mongolia's
case due to the country’s diverse ecosystems and highly seasonal
climate, as demonstrated by the positive relationships between

the permanent and seasonal water area of lakes and rivers (SDG
6.6.1) and the proportion of population using safely managed

water services (SDG 6.1.1). Mongolia's surface-water flows and
groundwater resources heavily depend on precipitations such as
rainfall and snow. With an estimated 85 per cent of precipitation
between April and September, the annual precipitation rarely exceeds
400 mm and is much lower in the southern and steppe regions,
whereas the annual rainfall in the Gobi Desert is only 40 mm (MET
of Mongolia 2018). This makes lakes and rivers highly vulnerable to
climate variabilities. Furthermore, located in a cold climatic region,
Mongolia's lakes and rivers are seasonal and freeze during the winter
months. Consequently, major cities and large human settlements
rely on groundwater as a perennial source of drinking water supplies,
compared with rural and nomadic populations, who rely on surface
water bodies such as rivers, streams and springs for drinking

water. Due to the seasonality of lakes and rivers, rural and nomadic
populations use snow and ice for drinking water during winter. The
impact of these climatic factors on the availability of water resources
is demonstrated by the very weak relationship between permanent
lakes and rivers and access to safe drinking water, and by a rather
stronger relationship with the seasonal surface-water bodies.

Mongolia's total water reserve mainly consists of natural water
reservoirs, with only few small-scale artificial reservoirs. The
positive relationship between reservoirs minimum and maximum
water area (SDG 6.6.1) and access to safe drinking water may be
due to the additional water supplies provided by the construction
in 2008 of the Taishir Hydropower Project on Zavkhan River in
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the western region of Mongolia and the completion of the Taishir-
Altai Water Supply Project, which provides drinking water supplies
for the city of Altai in Gobi-Altai Province (an aimag). Since 2021,
inhabitants of Altai use purified water from the reservoir (an
artificial lake called Gegeen) of the Taishir Hydropower plant. Thus,
Altai has become the first city in Mongolia to use a surface-water
reservoir as a drinking water source.

Because of the high seasonal variability of river flows and the
tendency of rivers to freeze in winter, groundwater is tapped as
Mongolia’s main water source for drinking and industrial water
supplies. At the same time, the valuable and fragile ecology of
the country necessitates the maintenance of high environmental
flow requirements. Mongolia needs to prepare for climate change
adaptation, as it may become a major challenge (ADB 2020b).

A country’s economic development is one of the key factors that
defines its level of access to safe drinking water, as economic
growth provides financial resources for investments in the water
and sanitation sector. Likewise, improvements in socioeconomic
conditions of a population, such as increased GDP and GNI per
capita, result in better access to safely managed drinking water
and sanitation services. Mongolia’s GNI per capita has almost
doubled in the 2010-2021 period (WB 2022b). Its economic growth
is undeniably one of the key factors benefiting its population,
particularly those who have lacked access to safe drinking water,
as shown by the strong positive relationship between GNI per
capita and the proportion of population using safely managed
drinking water services (SDG 6.1.1).

The statistical analysis identified a positive relationship between

urban population as proportion of total population and the

proportion of population using safely managed drinking water

services (SDG 6.1.1). Rapid urbanization due to rural-urban

migration in Mongolia is another key factor in the increase of

access to safe drinking water, as centralized water supply and 89
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sewerage services are mainly limited to urban areas, demonstrated 7.3.1) implies the increase in freshwater resources. This increase,
by the access of more than 90 per cent of the city’s population to coupled with government action to improve the quality of water
safely managed drinking water services. supplied, may lead to an increase in the proportion of population

using safely managed drinking water services (SDG 6.1.1).
Manufacturing makes a very modest contribution (8 per cent)

to the country’s GDP (WB 2022b), while mining constitutes the b.  Conclusion

main economic pillar. Nonetheless, an expansion of the sector is

expected to carry negative impacts on the water resource areas. Mongolia has made progress in providing its population with
access to safe drinking water. However, with the current modest

As discussed in the section above, the decrease in CO, emissions rate in the increase of the proportion of population using safely

per unit of GDP (SDG 9.4.1) and in the energy intensity level (SDG managed drinking water (SDG 6.1.1), the full achievement of SDG

Figure 4.19 General model for population using safely managed drinking water services, Mongolia
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target 6.1 by 2030 is unlikely. Scaling up investment in water and
sanitation, especially in rural areas, is essential. To address the
stark inequalities in access to safe drinking water among urban
and rural populations and across social and spatial spheres,
human rights-based policies targeting rural populations and ger
area residents are equally important to ensuring that no one is

left behind. Improvements in water resources management and
access to water supply and sanitation services are essential for
the same reason, such that no one is left behind when it comes to
enjoying the multiple benefits and opportunities that water provides
(WWAP 2019).

4.3 Interlinkages analysis of freshwater-
related indicators at the subnational level

4.3.1 Impact of drivers of change on the state of

freshwater-related ecosystems
a. Basinlevel: China

The interlinked nature of the SDGs and targets requires approaches
to identify and quantify synergies and trade-offs at the national
level (Zhou, Moinuddin and Li 2019; Miola, Borchardt and Neher
2019). For instance, in China, a recent study has shown that
companies led by female CEOs are more likely to voluntarily adopt
sustainable environmental policies (Zhang, Guo and Nurdazym
2022). However, national-level recognitions are limited in guiding
subnational-scale actions. In large countries, subnational
considerations are important as climatic, ecosystem, land-use
and political subdivisions seldom coincide — their interactions
with the goals may differ from those observed at the national
scale. Accordingly, national policies may not necessarily serve
subnational-level interests and potentially cause unforeseen trade-
offs (Renaud et al. 2020).
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In the case of freshwater resources, interactions at the basin level
are crucial. A river basin is a semi-closed ecological and economic
system that plays an important role in global and regional
development (Zhao et al. 2018). In such a spatial unit where
various elements of the natural ecological environment interact and
depend, exploring and understanding its synergies and trade-offs
bring considerable value to accurately managing regional problems,
ensuring policy coherence and promoting concrete actions (Zhou
et al. 2022; Renaud et al. 2020). However, continuous, accurate and
reliable time-series data remain an important prerequisite (Adeoti
2020). Considering the perspective of regional representativeness
and data availability, this section clarifies the relationship between
water-related ecosystems at the watershed scale and SDGs by
taking as case study the Poyang Lake basin, the subwatershed of
the Yangtze River basin in China.

China is divided into 10 first-level water resources regions or zones,
80 secondary zones and 214 third-level zones. Each water resource
region combines watershed and administrative areas, which offer
an integrated perspective and information about basin-level water
resources. The data used for the basin-level analysis are using

the secondary level zoning of national water resources in China,

to which the Poyang Lake basin belongs. The Poyang Lake basin

is located on the southern bank of the middle and lower reaches

of the Yangtze River, which overlaps with the administrative areas
of the Jiangxi Province. It consists of Ganjiang River, Fuhe River,
Xinjiang River, Raohe River, Xiushui River and its tributaries at all
levels, plus Qingfengshan River, Boyang River, ZhangTian River,
Tongjin River and other small rivers that flow into the lake alone.
The basin is about 620 km long from north to south and 490 km
wide from east to west. The basin area is around 162,225 km?, of
which 156,743 km? is located in Jiangxi (accounting for 96.6 per
cent of the basin area) (Lei et al. 2021). The remaining 5,482 km?
belongs to Fujian, Zhejiang, Anhui, Hunan, Guangdong and other
provinces, accounting for about 3.3 per cent of the basin area.
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Poyang Lake is the largest freshwater lake in China and constitutes
a major hydrological subsystem of the middle Yangtze basin (Shen
et al. 2022). It has been listed as an ecoregion in World Wildlife
Fund's Global 200 (Huang, Wu and Li 2013). Therefore, Poyang
Lake plays a crucial role in maintaining and supplementing the
aquatic biodiversity of the Yangtze River (Jin et al. 2012).

Map 4.3 Official map of China (United Nations, 2022)
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The proportion of waterbodies with good ambient water quality
(SDG 6.3.2) is used as the dependent variable to reflect the state
of freshwater-related ecosystems. The 27 indicators are used as
drivers of the freshwater-related ecosystem change, which are
tested with the 11 socioeconomic and environmental factors.
Between 2004 and 2019, SDG 6.3.2 shows an increasing trend, as

do the seven driver indicators (freight volume, passenger traffic,
railway passenger traffic, road freight volume, road passenger
traffic, water freight volume, and harmless treatment rate of
domestic waste) and six socioeconomic and environmental factors
(GDP per capita, industrial waste gas treatment facilities, forest
cover rate, urban population as percentage of total population,
comprehensive utilization rate of industrial solid waste, and freight
volume). However, a decreasing trend can be seen in the rail
freight volume, waterway passenger traffic, industrial wastewater
discharge, average level of particulate matter and industrial sulfur
dioxide emissions.

Out of the 27 indicators of drivers of change, only four have
shown a statistically significant relationship with SDG 6.3.2 on the
proportion of waterbodies with good ambient water quality.

The harmless treatment rate of domestic waste has a positive
relationship with SDG 6.3.2 on the proportion of bodies of water
with good ambient water quality. Water pollution in China is
generally considered significant as it impacts the health of
ecosystems and humans (Ma et al. 2020). In the Poyang basin in
2016, wastewater treatment was below national average (Jiangxi
Provincial Development and Reform Commission 2016). As
domestic waste is a key source of water pollution, its reduction
and harmless treatment is vital for improving water quality (Arum,
Harisuseno and Soemarno 2019). According to Jiangxi's Province
Domestic Waste Classification and Treatment Facility Development
Plan (2021-2025), the harmless or environmentally sound
treatment rate of domestic waste in cities and counties across the
province is higher than the national average. This is an important
environmental governance initiative for the improvement of water
quality in the Poyang Lake basin.

On the other hand, the waterway passenger traffic has a negative
relationship with SDG 6.3.2 on the proportion of bodies of water
with good ambient water quality. The statistical analysis implies




that an increase in waterway passenger traffic would lead to a
decrease in the proportion of waterbodies with good ambient
water quality. The same is implied for road passenger traffic.
Inland waterway traffic, based on the literature, is found to be more
efficient than road transport, as it consumes less energy, costs
less, emits less CO, and has larger freight capacities compared
with other modes of transport (Li et al. 2022; de Barros et al.
2022). A study on the impact of inland waterway transport was
conducted for the Yangtze River, of which Poyang Lake is a part.
The study reveals that ecological functions (including biodiversity)
of the various reaches of the Yangtze River (upper, middle, middle-
lower and lower) were all assessed between bad, poor and fair,
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alongside identified threats such as habitat loss, water pollution,
overexploitation and alternations of hydrological regimes (Li et al.
2022). In addition, sanitary sewage, oily wastewater and domestic
solid wastes discharged from ships impact the quality of the
waterways (Jiao and Liu 2018). This is confirmed by the negative
relationship between waterway passenger traffic and SDG 6.3.2
and by the data, which shows that between 2004 and 2019, the
waterway passenger traffic has been decreasing while the quality
of the waterbodies has been improving since.

In addition to waterway passenger traffic, the statistical analysis
indicates a negative relationship between road passenger traffic

Figure 4.20 General model for proportion of bodies of water with good ambient water quality, Poyang Lake basin, China
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and SDG 6.3.2 on water quality. Generally, the increase of road
passenger traffic will have a negative impact on the surface-water
and groundwater environment (Kalman and Laszlo 1997; Uliasz-
Misiak et al. 2022). Although road traffic is usually positively
linked to air pollution in cities and urban areas, a study in Canada
found that chemical compounds found in vehicle fluids, tyres and
paints are major causes of water pollution in nearby streams due
to heavy traffic. This is due to the deposition of such chemicals
on roads that end up in river streams after raining, causing water
degradation (Awonaike et al. 2022).

There is a negative relationship between industrial wastewater
discharge and SDG 6.3.2 on water quality. Industrial wastewaters
are known to be toxic and are a major cause of irreversible damage
to the ecosystem. They not only pollute groundwater, but also
major waterbodies. They include a variety of compounds toxic

to freshwater species and humans, including chemicals, heavy
metals, oils, pesticides, silt, pharmaceuticals and other industrial
by-products (Ahmed, Thakur and Goyal 2021). There can be no
doubt that the relationship is negative. In the Poyang Lake basin,
the industrial wastewater discharge decreased from 2004 to 2019,
which has improved the quality of the water.

4.4 Comparison between the results of
stakeholders and statistical analyses

Since the adoption of the SDGs, attempts to identify interlinkages
between the SDGs and targets were made mainly based on expert
opinion and stakeholder consultation. For instance, in 2016, UN-
Water published a report on the potential synergies and trade-offs
between the water-related targets and other SDG targets at the
global level (UN-Water 2016), while the Stockholm Environment
Institute (SEI) proposed a new tool, entitled “SDG Synergies”, to
map the interactions between SDGs or targets at the national and
subnational levels (Nilsson, Griggs and Visbeck 2016), piloted

in Colombia and Mongolia. Although experts’ opinions were
provided for relationships at the target level and the statistical
analysis targeted the relationship between individual indicators, an
attempt to compare both results will be made, as many targets are
monitored by single indicators.

4.41 Global-level analysis

While analysing the relationships identified between SDG target
6.6 and other targets, a total of 37 potential relationships were
identified by the UN-Water report (UN-Water 2016), of which

20 potential relationships were in common with this statistical
analysis. Since the statistical analysis is based on data, 5 out of
the 20 potential relationships could not be compared due to lack
of data. When comparing stakeholders’ opinions to the results of
the statistical analysis, 64 per cent of the results at the global level
have identified the same type of relationship. Those relationships
cover access to basic services, improvement in energy efficiency,
sustainable economic growth, improvement of global resource
efficiency, promoting sustainable industrialization, upgrading
infrastructure and industries, and conservation of freshwater,
terrestrial and mountain ecosystems.

At the global level, experts’ opinions indicate a synergistic
relationship between achieving the environmentally sound
management of chemicals and wastes (SDG target 12.4) and water
resources, while the statistical analysis has implied a potentially
conflicting relationship pertaining to the generation of electronic
waste per capita (SDG 12.4.2). Although waste generation is not
considered waste management, SDG 12.4.2 on the generation

and treatment of waste is considered as part of target 12.4 on

the sound management of waste. Nevertheless, waste generation
conflicts with the conservation and protection of water-related
ecosystems, necessitating adequate waste management. Similarly,
ensuring universal access to energy services and increasing the
share of renewable energy (SDG targets 7.1 and 7.2) were identified



by experts as potentially conflicting with water-related ecosystemes,
while the relationship was not identified (non-statistically
significant) by the statistical analysis. However, reducing the
degradation of natural habitats (SDG target 15.5) is expected to

be synergetic with water-related ecosystems (experts’ opinions)
while the statistical analysis has identified a potential conflict. Such
statistical results demand further investigation to understand why
such a conflicting relationship was identified from the statistics
related to the Red List Index (SDG 15.5.1).

From the perspective of the impact of freshwater-related
ecosystems (SDG 6.6) on the state of human well-being, experts
identified conflicting relationships between eradicating extreme
poverty (SDG target 1.1) and ending hunger and ensuring sufficient
food for all (SDG target 2.1). The statistical analysis has identified
a synergetic relationship with the proportion of employed people
below the international poverty line (SDG 1.1.7) and prevalence

of undernourishment (SDG 2.1.1). Although food availability and
security are a priority and are resource intensive — including water
— innovative techniques, improved water-use efficiencies and
sustainable agricultural practices are shifting the impact towards
the conservation of freshwater-related ecosystems.

4.4.2 National-level analysis

The SDG Synergies tool was piloted in Colombia and Mongolia,
where national experts took part in completing national and/or
regional matrices by mapping relationships between targets. In
Colombia, SDG targets were mapped, while in Mongolia, targets
from the Sustainable Development Vision (2030) were mapped
(SEI'2019). The tool uses a seven-point rating system based on
the types of interactions (Nilsson, Griggs and Visbeck 2016),
which vary from indivisible (score of +3), reinforcing (score of +2),
enabling (score of +1), consistent (score of 0), constraining (score
of -1), counteracting (score of -2) and cancelling (score of -3)
(Nilsson, Griggs and Visbeck 2016).
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The implementation of the SDG Synergies tool in Colombia began
in 2018 to better understand the national and regional levels
between the SDGs as part of the Colombian National Development
Plan 2018-2022. The analysis of policies and instruments in
Colombia formed the basis for the selection of goals and targets
of priority to the country and the region of Antioquia. This has led
to the development of two cross-impact matrices, the first focused
on national interactions while the second focused on interactions
relevant to Antioquia (SEI-PNUMA 2020). As water resources

were essential to Colombia, targets 6.1 on achieving equitable
access to safe and affordable drinking, target 6.3 on improving the
water quality by reducing pollution and the release of untreated
wastewater, and 6.4 on increasing water-use efficiency and
addressing water scarcity were all considered for the interaction
analysis at the national level. Unfortunately, target 6.6 on restoring
water-related ecosystems was not considered as part of the
national analysis (considered for subnational instead), hence
further analysis for Colombia to understand the similarities or
differences between experts’ opinions and the statistical analysis
results is not possible.

In Mongolia in 2017, experts mapped the interactions between 17
out of 43 targets derived from the Sustainable Development Vision
(2030) of Mongolia (SEI 2019). Out of the 17 mapped targets, five
showed significant alignment with SDG targets: 2.4 on ensuring
sustainable food production systems and resilient agriculture,

6.1 on improved drinking water services, 6.6 on water-related
ecosystems, 7.2 on renewable energy and 15.1 on the conservation
and restoration of terrestrial and freshwater-related ecosystems.
Since data for SDG indicator 2.4.1 on productive and sustainable
agriculture are not available, this target has not been further
considered in the comparison below.

Two out of three identified relationships using the SDG Synergy
tool were aligned with the statistical analysis results for Mongolia,
that is, enabling, reinforcing or indivisible relation between water- 95
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related ecosystems and (a) increase of drinking water services
and (b) conservation and restoration of terrestrial and freshwater-
related ecosystems. One relationship between the share of water-
related ecosystems and renewable energy presented unaligned
results, with the SDG Synergy tool identifying the relationship

as counteracting (conflicting) and the results of the statistical
analysis finding it synergetic. In Mongolia, wind and solar power
for electricity production is more than double that of hydropower
(Mondal et al. 2019), while the country’s main electricity source
comes from coal. The shift to renewable energy sources, especially
wind and solar, represents a reduced impact on water-related
ecosystems.

4.5 Key findings

The analysis at the global, national and basin levels has shown
similarities and divergence in indicators impacting freshwater-
related ecosystems. Some direct drivers and socioeconomic and
environmental factors were exclusively statistically relevant to the
global context, while others were specific to the national context.
Three direct drivers related to conservation efforts (average
proportions of terrestrial KBAs, mountain KBAs and freshwater
KBAs covered) were found to be greatly impacting global and
national settings. This also aligns with stakeholders’ analysis

of the type of relationship. Socioeconomic and environmental
indicators related to urban population as a percentage of total
population and the proportion of population with access to basic
drinking water services were found to impact freshwater-related
ecosystems at the global and national settings. The results imply
that conservation actions by national and local governments are
needed to expand the extent of lakes, rivers and reservoirs water
area. In addition, factoring the percentage of urban population
and the proportion of population accessing basic drinking water
services is a necessity for the preservation of freshwater-related
ecosystems.

Some direct drivers were found to be relevant to national settings
only, and not global. Water-use efficiency (SDG 6.4.1) and
renewable energy share (SDG 7.2.1) positively impact national
freshwater-related ecosystems. In addition, GNI per capita (positive
impact), energy intensity per unit of GDP (SDG 7.3.1) (negative
impact) and domestic material consumption per unit of GDP (SDG
8.4.2/12.2.2) (negative impact) were found to impact freshwater-
related ecosystems. Given the relevance of these indicators to the
energy sector, the results imply a significant fossil fuel component
of the energy portfolio. As this sector is water dependent, policies
targeting improved efficiencies (i.e. water, energy intensity or
domestic material consumption) along with diversifying the energy
mix in countries to include renewable energies (wind and solar)
would carry a positive impact on freshwater-related ecosystems.

In addition, the predominance in Colombia and Mongolia

of the relationship between water-use efficiency and water
resource indicators might suggest that, in these countries, water
management strategies are insufficient to decouple economic
activities from resource use. This relationship has not been found
at the global level.

As the basis of the statistical analysis is data availability,
freshwater-related ecosystems extent indicators were available for
global and national settings but not for the basin level. Similarly,
freshwater quality-related indicators were not available at global
or national levels, which meant data availability was restrained to
a basin-level analysis. Therefore, comparing global and national
results with basin-level results is not yet possible. However, at
the basin level, the highest negative impact on freshwater quality
was waterway passenger traffic while the highest positive impact
came from the treatment rate of domestic waste. Therefore, it is
imperative to consider waste recycling and waterway traffic while
developing targeted policies for the improvement of freshwater
quality.



Regarding the impact of freshwater-related ecosystems on the
state of human well-being, the statistical analysis has identified
different direct drivers and socioeconomic and environmental
factors for the global compared with national settings. At the
national level, lakes and rivers seasonal water area (SDG 6.6.1)
and GNI per capita were found to positively impact the proportion
of population using safely managed drinking water services (SDG
6.1.1), while CO, emissions (SDG 9.4.1) and energy intensity

(SDG 7.3.7) per unit of GDP both had a negative impact. The
formulation of targeted policies for the economic development
and improvement in efficiencies for CO, and energy intensities per
unit of GDP might consider their impacts on populations’ access to
basic drinking water services.

At the global level, all state of human well-being indicators were
negatively impacted by lakes and rivers seasonal water area,

and reservoirs minimum and maximum water area (SDG 6.6.1).
This indicates the role that freshwater area plays in alleviating
poverty (SDG 1.1.7), reducing unemployment (SDG 8.5.2) and

the impact they exert on children’s health (malnutrition and
undernourishment). Freshwater resource extent could be an
important factor in developing policies that target the reduction of
poverty as well as children’s health.

The statistical analysis has shed light on relationships once
thought to be significant but now found to be non-statistically
significant by the statistical model employed in this report. For
instance, SDG 6.2.1 on the proportion of population using safely
managed sanitation services was found to be non-statistically
significant with freshwater-related ecosystems. Although
household water use was estimated to be around 10 per cent

of total water use, and basic personal and domestic needs
represented a fraction of household water use (OHCHR n.d.), the
absence of such a relationship requires further investigation.
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The extinction status of species was found to have an odd
relationship with freshwater extent. This relationship was identified
at the global and national levels and, in some instances, was found
to be strong. Since the Red List Index indicator varies between
zero and one and includes many taxonomic groups of species
(terrestrial, freshwater and marine), the possibility of having a proxy
indicator for the variation of the number of these groups, along
with removing species that are specific to marine settings, may be
more indicative to the analysis. Additionally, human understanding
of how ecosystems respond to biodiversity loss remains basic.
Despite the wealth of information about how the addition or
removal of a single species can alter the basic ecosystem
properties of lakes and rivers, little research has attempted to
understand how these ecosystems respond to biodiversity loss
(Schindler 2007). As this relationship is challenging to interpret,
additional research might be needed to better grasp the link
between the various taxonomic groups of species and freshwater
extent.

In conclusion, the statistical analysis has identified various
positively and negatively impacting relations between freshwater
extent, state of human well-being, and socioeconomic and
environmental factors. Simultaneously, the comparison of the
results from stakeholders and statistical analyses has shown a
significant portion of alignment, whether at the global or national
level. While some impacting factors are common for global and
national settings, it remains imperative to identify other national
factors considered to have synergies or trade-offs with freshwater-
related ecosystems so that targeted policies and interventions can
be formulated to protect freshwater-related ecosystems.
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SDG 14 is the dedicated goal towards the conservation and
sustainable use of the oceans, seas and marine resources. This
goal includes 10 targets and 10 indicators related directly to
marine-related ecosystems. Yet only three indicators represent a
picture of how the state of the environment is evolving: (a) SDG
14.1.7 on coastal eutrophication and plastic debris density, (b)
SDG 14.3.1 on the average marine acidity measured at agreed
suites and (c) SDG 14.4.71 on the proportion of fish stocks within
biologically sustainable levels. However, only SDG 14.1.1a on
coastal eutrophication, and more precisely the sub-indicator on
chlorophyll-a deviations, had data compliant with the requirements
of the statistical analysis. The following analysis focuses on the
interlinkages of chlorophyll-a deviations with identified drivers of
change and state of human well-being indicators.

5.1 Introduction: Chlorophyll-a deviation
measurements

Chlorophyll-a, the predominant type of chlorophyll found in

algae and green plants, reflects the quantity of algae growing

in a waterbody. Consequently, it can be used as a metric for

some aspects of the trophic condition of a waterbody. Although
eutrophication (the excessive enrichment of water by different
nutrients), is a natural process in virtually all aquatic systems
(Smith, Joye and Howarth 2006; Aber et al. 2001), it can be
accelerated by the effluents generated by humans’ domestic,
agricultural and industrial activities (Cai et al. 2011) (Rabalais et al.
2009). This process, called cultural eutrophication (Smith 1998), is
responsible for rises in primary productivity (algae biomass), which
can result in decreased levels of dissolved oxygen or increased
levels of toxins, in turn affecting human and ecosystem health.

Due to the high correlation between chlorophyll-a and nutrient
concentrations, this pigment can be used as an indicator of some
bottom-up aspects of the trophic status for various waterbodies.
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Although measurements of water quality through in situ sampling
methods demand considerable time, money and human resources,
chlorophyll-a can be quantified with remote sensing technologies,
offering a novel and powerful source for large-scale monitoring of
surface-water quality in both freshwater and marine environments.

Over the last 30 years, there has been a tenfold increase in

the number and area of oxygen dead zones in coastal waters
worldwide, strongly associated with excessive nutrient effluence
from the river to the ocean (Pitcher et al. 2021). In 1995, 44
hypoxic areas were identified globally; by 2007 they increased

to 169 (Diaz and Rosenberg 2008), and currently 479 sites have
been identified as experiencing hypoxia globally. Human activities
are a major cause of oxygen decline in both the open ocean

and coastal waters. Fossil fuel burning and the discharges from
agriculture and human waste, which result in climate change and
increased nitrogen and phosphorus inputs, are the primary causes.
Eutrophication triggers a rapid growth of marine plants, animals
and bacteria, and favours the decomposition of organic matter, all
of which consume dissolved oxygen. Agriculture, septic systems,
sewage treatment plants and urban run-off are significant sources
of nutrient overload. (UNEP 2021d).

As the concentration of dissolved oxygen varies negatively with
temperature, the negative impact of climate change persists.
According to recent studies, the global ocean oxygen inventory

is estimated to have decreased by around 2 per cent between
1960 and 2010, while oceanographic models predict a further
1-7 per cent decline by the end of the century (Stramma and
Schmidtko 2019). Together, these factors make national-scale
changes in chlorophyll-a deviations (SDG 14.71.7a) an important
signal regarding the corresponding changes in ecosystems and
potentially human health. However, it is unlikely that the impact of
these factors is perceptible at the individual watershed scale, which
is the first contact point with the outcomes of human activities.



Chlorophyll-a deviation measurements are derived from the
European Space Agency’s “Ocean Colour Climate Change Initiative”
project and generated for each individual pixel (4 km resolution,
monthly products) within a country’s exclusive economic zone
(EEZ) (Groom et al. 2019). In order to generate a climatological
baseline, results were averaged by month between 2000 and 2004.
The percentage of pixels in a country’'s EEZ and/or territorial waters
identified as deviating from the baseline (falling in the ninetieth
percentile) were calculated for each national EEZ and/or territorial
waters by month. Finally, the annual average of these monthly
values was calculated.

However, analysing chlorophyll-a deviations has some limitations.
The indicator itself (context and geographical scale) has been
accepted as a good proxy for the trophic status of several water-
related ecosystems. This is valid when values obtained for this
variable are analysed in the right local context and on a suitable
geographical scale. The consideration of key variables of the
sampling area — such as catchment proximity and discharge

flow of rivers, quality (degree and type of pollution) of these
watercourses, existence of urban, agricultural or industrial effluent
discharge points, and local water circulation and marine currents
— is a fundamental factor that must be taken into account when
interpreting results obtained from satellite images. In line with this,
the choice of an appropriate scale of observation, which allows the
identification, weighting and analysis of all these factors, is another
essential factor. It is central that the inclusion of these variables is
methodologically incompatible with a global-scale analysis.

5.2 Interlinkages analysis of marine-related
indicators at the global level

The statistical analysis results indicated a negative relationship
between chlorophyll-a deviations (SDG 14.1.1a) and SDG 14.5.1
sub-indicators: (i) coverage of protected areas in relation to marine
areas (EEZ), (i) protected marine areas (EEZ) and (iii) average
proportion of marine KBAs covered by protected areas (SDG
14.5.1). The negative relationship suggests that the increase in

the coverage of protected areas in relation to marine areas may
correspond to a decrease in chlorophyll-a deviation.

Factors such as sedimentation, plastic pollution, oil spills, climate
change, eutrophication and the risk of introduced pests are only
rarely addressed in the context of marine protected areas (MPAs)
(Kriegl et al. 2021). It would be problematic if MPAs collectively had
any impact on measured changes in chlorophyll-a or on the risk

of eutrophication in a nation’s coastal waters. In addition, there is
no literature suggesting that MPAs have induced any changes in
planktonic primary production although some studies indicate an
increase in macroalgae abundance after some MPAs have been
established (Gilby and Stevens 2014). Thus, these correlations

are unlikely to reflect causality, but could reflect other underlying
patterns. For example, jurisdictions, with the policies and resources
to effectively reduce nutrient loading in watersheds and estuaries,
may also be likely to have policies and resources sufficient to also
establish more or larger MPAs.

The statistical analysis indicated a negative relationship between
chlorophyll-a deviations (SDG 14.7.7a) and SDG 6.6.1 sub-
indicators: (i) lakes and rivers seasonal water areg, (ii) reservoir
minimum water area and (iii) reservoir maximum water area. From
the point of view of coastal eutrophication, building dams may
impede transmission of excess nutrients and be beneficial, or it
may change the chemical balance of nutrients and cause a coastal
eutrophication problem. Two thirds of rivers globally are now
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Figure 5.1 General model for chlorophyll-a deviations, global
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dammed and no longer free flowing (Grill et al. 2019). The situation where dams withhold water for human use and release water when
in every river catchment must be separately analysed to know if it is not needed. This results in the river's natural flow, which may
the dam is associated with a change in aquatic nutrient levels, and have seasonal peaks and troughs, becoming smoothed and more
if so, develop targeted actions to address any downstream issues uniform all year round (Maavara et al. 2020).
with excess nutrients. The impact of dams and reservoirs on
coastal eutrophication depends on the timing of the release of the For instance, nutrients dissolved or suspended as particulate

water stored in dams. The timing of delivery is changed in cases matter in freshwater streams and rivers eventually make their 101
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way to coastal and estuarine environments. In cases where

the natural water flow is disrupted by building dams, canals for
irrigation or other water management systems, then the natural
timing of delivery, composition and concentration of water and
nutrients can be perturbed. Under natural conditions, nutrients
such as carbon, nitrogen, phosphorus and silicon are transported
along the river and to the sea. Building a dam slows the water
flow down and results in the nutrients being used within the dam
reservoir by algae and aquatic plants, transforming dissolved
nutrients into particulate matter (sediments). The dam reservoir
may itself become eutrophic if the nutrient load is too high (Li et al.
2017). In such situations, the dam may be beneficial to the marine
downstream environment, since the excess nutrients have been
turned into sediment stored in the dam reservoir.

However, the reservoir may also promote chemical transformation
of dissolved nutrients such that, once released, the river may
promote eutrophication once it reaches the sea (Maavara et al.
2020). This can occur in cases where the ratios of the limiting
nutrient received by the marine environment are altered by the
upstream reservoir. The ratio of different nutrients (mainly nitrogen,
phosphorus and silicon) affects different groups of species. In
many marine environments it is silicon, not nitrogen, that limits the
growth of diatoms. So, if the reservoir results in the preferential
removal of silicon, the result can favour the growth of toxic algae
downstream (species that are not dependent on silicon (Howarth
and Marino 2006)).

A common feature of many coastal systems experiencing hypoxia
is an elevated supply of organic matter, either through direct input
from external sources (e.g. sewage) or internal photosynthetic
production stimulated by inorganic nutrients, often stemming from
anthropogenic sources. Human population growth is commonly
associated with an increased intensity and/or frequency of coastal
eutrophication and formation of dead zones. People are attracted
to live in coastal settings, and as a consequence, inputs from

sewage treatment plants, household septic systems and urban run-
off increase (Tuholske et al. 2021).

The Second World Ocean Assessment acknowledges a link
between excessive nutrient loads from sewage discharge and the
reduction of oxygen content in the water (hypoxia), causing loss
in marine life and the destruction of habitats and ecosystems
(UN 2021b). For instance, in South Africa, the state of municipal
wastewater and sewage treatment management has deteriorated
in recent decades, leading to coastal eutrophication becoming an
increasingly common problem. Adams et al. (2020) note that half
of the country’'s estuaries are now affected by nutrient pollution
resulting in hypoxia, fish death and a loss of ecosystem services.

In China, Wang et al. (2008) described two phases of growth in
the occurrence of eutrophication in coastal estuaries, with one
phase of slow development from the 1970s to the 1990s and a
fast development phase after 2000. Eutrophication is considered
the key stimulus in the occurrence of harmful algal blooms, which
cause economic loss and human health issues (Wang et al.
2008). It is often difficult to determine which source of nutrients
is most responsible for the onset of eutrophication, as most
regions are susceptible to outflows of combinations of sewage
and wastewater, industrial discharges, farm effluents (including
aquaculture) and fertilizer washed into rivers and streams from
farmland. However, Ke et al. (2020) used isotopes of carbon and
nitrogen to identify that sewage from urban rivers was the major
pollution source in Jiaozhou Bay in northern China. Globally,
sewage and wastewater are estimated to contribute an amount
of nitrogen that is equal to about 40 per cent of the amount from
agriculture (Tuholske et al. 2021). This reflects the results of the
statistical analysis that indicate that an increase in sanitation use
corresponds to a decrease in chlorophyll-a deviation. Conversely,
the increase in practising open defecation corresponds to an
increase in chlorophyll-a deviation (SDG 14.1.7a).



In the coastal zone of the Baltic Sea, around 35 per cent of all
coastal ecosystems have experienced hypoxia between 1955 and
2009 (Conley et al. 2009), with the overall frequency of hypoxia
increasing. Terrestrial-derived organic carbon that is not derived
from sewage treatment plants plays only a minor role in the
Stockholm archipelago, for example, because no major rivers
discharge into the system, and surface rainwater run-off is low
(Sawicka and Briichert 2017), meaning that nearly all of the excess
nutrient load is attributed to sewage outflow. The environment
was improved and hypoxic conditions reduced after the sewage
treatment was upgraded in the inner Stockholm Archipelago
(Norkko et al. 2012), but the problem persists.

The results of the statistical analysis suggest that an increase

in access to electricity (SDG 7.1.1), renewable share of energy

in the total final energy consumption (SDG 7.2.1) and installed
renewable energy-generating capacity (SDG 7.b.1) would imply a
decrease in chlorophyll-a deviations (SDG 14.1.1a), which favours
a non-eutrophic state for the marine environment. The previously
conducted research in this area tends to favour similar results.

Renewable energy sources are being considered as alternative
sources of energy, as fossil fuel sources are linked to the increase
in greenhouse gas emissions and climate change (UN 2021b).
Renewable energy sources can be land based, e.g. solar and
geothermal energies, as well as marine (marine renewable energy
[MRE]), e.g. offshore wind energy, marine biomass energy, salinity
and thermal gradient energy, wave energy, and tidal and ocean
current energy. There are emerging MRE sources: (a) offshore solar
energy based on floating solar systems, which are considered as
potential alternatives to the solar industry and are more efficient
than land-based solar systems, and (b) ocean floor geothermal
energy, which is still in its conceptual stages (UN 2021b).
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Although MRE contributes to the reduction of greenhouse gas
emissions, water pollution, particulate matter, waste products and
climate change mitigation, its full environmental impact requires
further study (UN 2021b). Environmental impact assessments are
needed at the project level to better understand the interactions
among the environmental stressors introduced by installations and
minimize their negative impact on the physical environment (UN
2021b). For instance, 399 offshore wind turbines were installed

in the Belgian side of the North Sea by the end of 2020. A 10-year
monitoring programme was in place to monitor the construction
and operational phases of the farms from an environmental
perspective. It has shown that the exclusion of fisheries from the
wind farms coupled with increased food availability next to the
turbines has served as a refuge for some fish species and the
reef effect created by the turbines’ foundations attracted sea floor
communities, including worms, shellfish, crustaceans and starfish
(Moreau 2020). The increased availability of fish species next

to wind farms implies the weak potential of eutrophication and
favours a balanced marine environment in close proximity.

The results of the statistical analysis showed a positive relationship
between the proportion of urban population as percentage of

total population and chlorophyll-a deviations (SDG 14.1.7a). Urban
populations have been increasing for years. In 2018, around 55 per
cent of the world’s population was estimated to live in urban areas
and is expected to rise to 68 per cent by 2050 (UNDESA 2018).

In addition, in 2017, 2.4 billion people were estimated to live in
areas within 100 km of a coast (UN 2017). On the other hand, only
around 16 per cent of global coastal regions are ecologically intact,
while 48 per cent are heavily affected by human activities and 84
per cent of countries saw more than 50 per cent of their coastal
regions degraded (Williams et al. 2022). Degraded ecosystems do
not impact everyone equally. Adverse impacts are felt by groups
based on their gender and socioeconomic status. These vulnerable
populations face significant hardships that may have been caused
by others who are more economically empowered. 103



Effluents from large cities are entering large riverine inputs

of freshwater, nutrients and organic matter, causing heavy
eutrophication in tropical coastal areas (Canadell et al. 2021). The
global urban discharge of nutrients into surface water increased
about 3.5- to 4.5-fold during the twentieth century because of
wastewater discharge, land-use change and fertilizer consumption
(Kroeze et al. 2013). Depending on the distance between urban
discharges and coastal zones, such urbanized areas could cause
the high nutrient levels to be transported into the sea or ocean and
cause coastal eutrophication (Kroeze et al. 2013).

The statistical analysis has identified relationships between
chlorophyll-a deviations (SDG 14.7.7a) and several indicators:
SDG 12.4.2 on electronic waste generated per capita, SDG
8.4.2/12.2.2 on domestic material consumption per unit of GDP,
SDG 2.1.1 on prevalence of undernourishment, SDG 15.5.1 on Red
List Index, SDG 4.1.2 on the completion rate of upper secondary
education, SDG 6.1.1 on proportion of population using safely
managed drinking water services, SDG 7.3.1 on energy intensity
level of primary energy and GNI per capita. As per the experts’
opinions and extensive literature review, there was no information
to explain the relationship between chlorophyll-a deviations and
these indicators. For instance, the statistical analysis showed a
positive impact relationship between chlorophyll-a and SDG 9.4.1
on CO, emissions per unit of value added. Although the literature
indicates a relationship between CO, as a greenhouse gas and
ocean acidification, there is no research around the impact of CO,
emissions on eutrophication or chlorophyll-a deviations.

5.3 Sri Lanka: Interlinkages analysis of
marine-related indicators at the national
level

The tropical island nation of Sri Lanka has 1,620 km of coastline, an
EEZ of 517,000 km? in the Indian Ocean and is globally recognized
for its outstanding biological diversity (WB n.d.). In addition to its
heat and humidity, the climate features four distinct rainy seasons
influenced by the monsoon winds of the Indian Ocean and the

Bay of Bengal (Weerasekara et al. 2021). Sri Lanka's marine- and
freshwater-related ecosystems are rich and diverse, offering a wide
range of essential ecosystem services for its population as well

as for the millions of tourists visiting the country each year. The
country’s fishery sector plays an indispensable role in the economy,
contributing to around 1.3 per cent of its entire GDP (WB 2021b).
This figure masks the importance of the sector to the people’s
livelihoods. Overall, the sector supports around 1 million fishers,
workers and their families, and the annual per capita consumption
of fish ranges from 12 to 15 kg annually (Herath et al. 2019),
constituting around 50 per cent of the annual per capita animal
protein intake (WB n.d.). It is therefore essential for the country

to safeguard its water environments and increase resilience

of interlinked social and ecological systems from any human-
induced or naturally occurring stressors. Environmental depletion
and climate-induced changes increase the pressure on women's
time, income, health, nutrition and social support systems in Sri
Lanka (UNESCAP 2017). Women in Sri Lanka may face additional
barriers to participating in decision-making processes related to
the environment and natural resources, which limit their ability to
advocate for their own needs and the needs of their communities
(UN WOMEN 2022b).

In the context of this report, three marine indicators were identified
from the SDG indicator framework to describe the state of the
country’s marine-related ecosystems (see Annex D, table D.3),

with only SDG indicator 14.7.7a on index of coastal eutrophication
having sufficient data availability.



Map 5.3 Official map of Sri Lanka, (United Nations, 2022)
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Many sub-indicators (more than 100) were considered for
analysing the potential relationships on a national level that

may impact the levels of coastal eutrophication in a positive or
negative way, and secondary relationships between the state of
marine-related ecosystems and their impact on human well-being
indicators. A total of 18 sub-indicators (10 indicators as drivers

of change, one indicator as state of marine-related ecosystems
and seven indicators as socioeconomic and environmental
factors) were eventually included in the primary analysis of drivers
of change for Sri Lanka, and nine indicators for the secondary
analysis on the state of human well-being (one indicator as state
of marine-related ecosystems, one indicator as state of human
well-being and seven socioeconomic and environmental factors),
as the rest of the indicators did not fit the minimum requirements
for the analysis. As a result, there was no statistically significant
relationships identified by the statistical model.

There are several reasons that could explain the non-existence of
statistically significant results by the current model. One relates
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to the availability of data at the national level. The resulting
indicators of the available data may not correspond to the factors
that actually impact the state of marine-related ecosystems in Sri
Lanka, nor the state of human well-being. In addition, there might
be a need for additional research that includes more in-depth

and fine-grained information on Sri Lanka'’s national context to be

able to capture statistically significant results for marine-related
ecosystems in Sri Lanka.

5.4 Conclusion

The aggregation of chlorophyll-a deviations data to the global level
blurs any causal linkages between human activities on land and the
responses of plankton growth in the coastal zone. This absence of
significant relationships in Sri Lanka currently makes it impossible
to provide a better understanding of the type of interlinkage at the
national level. In addition, the unavailability of data (SDG 14.1.1b on
plastic debris density and SDG 14.3.1 on average marine acidity)
or time series (SDG 14.4.7 on the proportion of fish stocks within
biologically sustainable levels) for SDG marine-related ecosystem
indicators limits one’'s understanding about how marine-related
ecosystems are impacted by the various drivers and pressures,
hindering the development of targeted policy interventions.
Although data availability for SDG 14 has improved, the current
availability of data does not provide an understanding robust
enough to formulate policies.

On the other hand, although coastal dead zones can usually be

linked directly to activities within particular river catchments, the
aggregation of chlorophyll-a data to the country level means that
chlorophyll-a data at the national scale represent the combination

of the status of all watersheds emptying into each country’s

coastline. The national value may or may not reflect changes for

a particular river system (or group of river systems) depending on

the size and geography of the individual country. This challenge in 105



interpreting the indicator increases as the length of the coastline
increases and is very serious for large countries such as Canada,
the Russian Federation and the United States of America. A further
disaggregation to and reporting of SDG 14.1.1a at the subnational

level (i.e. local watersheds) is needed to provide a better
understanding about the source of these dead zones (source-to-
sea approach) (UN 2021b) and transport routes (i.e. identification
of water streams).
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6.1 Current use of big data in the SDGs

The fulfilment of the SDGs is hindered by the lack of data for
effective monitoring and implementation. The official framework of
indicators for monitoring the SDGs has undergone several revisions
since its adoption in 2015 (UNGA 2017b), and has adopted a tier
system to assist in evaluating data availability at the global level.
As at 4 February 2022, 136 indicators were categorized as Tier |, 91
indicators as Tier Il and four indicators as multiple tiers (IAEG-SDGs
2022). This indicates that, seven years after adoption, a significant
number of indicators lack data for more than half of the countries.
The gaps are even greater for environment-related SDGs, where
insufficient data to report progress were around 58 per cent of
indicators at the global level (UNEP 2021b).

Data collected from traditional sources by national statistical
offices (NSOs), government ministries and international
organizations currently provide the main input to the SDG indicator
framework (UNSDSN 2015). Although valuable and necessary,
these traditional sources of data fall short due to high costs,

poor timeliness and coarse spatial granularity. In recent years,

big data sources are increasingly being recognized as new and
innovative information sources for SDGs (MacFeely 2019; IAEG-
SDGS 2019; Tam and Van Halderen 2020). Many NSOs are already
experimenting with big data in the production of official statistics,
with initiatives catalogued by the United Nations Global Working
Group on Big Data and the United Nations Global Pulse. Currently,
the dominant big data types include Earth Observation (EQ) data,
citizen science, other sensor network data, commercial data,
tracking data, administrative data, and opinion and behavioural
data. Combined with advanced analytical techniques (e.g. machine
learning, geospatial modelling and geostatistical modelling), they
could contribute to the monitoring of 15 goals, 51 targets and 69
indicators (Allen et al. 2021), particularly those related to health and
biodiversity.

6.2 Potential use of big data in other
environment-related SDG indicators

In general, big data would play a key role in the monitoring and
reporting of SDGs through addressing the remaining gaps (e.g. in
terms of providing new data sets for Tier Il indicators), allowing
for more timely and disaggregated data sets to fill gaps in time
series and spatial coverage for Tier | indicators and contributing
disaggregated information to official indicators. For instance,

big data has shown great potential in water-related and other
environment-related SDG indicators, among which EO data and
citizen science were most widely exploited (UNESCAP 2021b).
Big data may be used in conjunction with or as a replacement for
traditional data sources to improve, enhance and complement
existing statistics.

6.2.1 Satellite and other EO data

Satellite and other EO data hold huge potential for monitoring
indicators describing the environmental aspects of the planet and
to support the aim of the 2030 Agenda to leave no one behind

as, by nature, space-borne observations are borderless, impartial
and inclusive of all. In 2018, the Committee on Earth Observation
Satellites (CEQS) with the support of the European Space Agency
(ESA) pointed out that 73 targets and 29 indicators in total could
be supported by EO data sets and that UNEP was one of the
custodians whose indicators could benefit the most from EO
(CEOS 2018). SDG 2 on zero hunger, SDG 6 on clean water and
sanitation, SDG 11 on sustainable cities and communities, SDG

13 on climate action, SDG 14 on life below water and SDG 15 on
life on land are mostly appropriate for EO since their targets and
indicators require information on land cover, land productivity,
above-ground biomass, water extent, greenhouse gas emissions or
air pollution.



Many agencies and initiatives are spearheading efforts to support
the monitoring of the SDGs with EQ: (a) The EQ4SDG initiative was
launched in 2016 by the Group on Earth Observations (GEO) (GEO
2022); (b) in 2016, CEOS established the CEOS Ad Hoc Team on
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EO data (UNESCO 2022).

SDGs (CEOS n.d.), dedicated to improving coordination between

the world’s space agencies in support of satellite data provision
for the 2030 Agenda; (c) the development of a series of reports by
the International Research Center of Big Data for SDGs (CBAS) on
how EO could facilitate many goals at the local and global scales
(CBAS n.d.a); (d) the Sustainable Development Science Satellite

summarized in Table 6.1.

s

(SDGSAT-1) Open Science Program, launched in 2021 (CBAS n.d.b),
consists of a sharing platform for SDGSAT-1 data; () UNESCO’s
World Water Quality Portal monitors water quality by using satellite

Satellite data combined with advanced analytical methods

(e.g. machine learning and geospatial modelling) could provide
new global data sets for monitoring official SDG indicators.
Currently, several SDG indicators have satellite-based data and are

Table 6.1

SDG indicator

2.4.7 on sustainable agricultural
practices

6.3.2 on water quality

6.6.1 on the extent of water-related
ecosystems

6.6.1 on the extent of water-related
ecosystems

11.1.71 on population living in slums

11.3.1 on ratio of land consumption to
population growth

11.6.2 on fine particulate matter mean
levels in cities

13.1.1 on people affected by disasters

13.2.2 on greenhouse gas emission

Total or
partial use

Partial

Partial

Partial

Total

Partial

Total

Partial

Partial

Partial

Satellite data used in total or partial in SDG indicators

Type of data

Landsat or Sentinel images were employed to map cropland distribution and
cropping index distribution

Multiple EO data sets were used to monitor total suspended solids, chlorophyll-a,
phycocyanin and cyanobacteria

EO satellite-derived combined with in situ data for measuring water turbidity,
suspended particulate matter, chlorophyll-a, cyanobacteria and harmful algal
blooms, dissolved organic matters and water surface temperature

Gravity satellites (GRACE and GRACE-FO) were used to assess the dynamic changes
of groundwater to assess water shortage and guide necessary response actions

Global Surface Water Explorer data set, developed by the European Commission
Joint Research Centre

High-resolution satellite imagery and deep learning methods were applied to
identify the extent of urban slums in selected major cities

Global open and free data (Global Human Settlement Layer, GHSL)

Satellite data and the Data Integration Model for Air Quality (DIMAQ) were used to
model particulate matter (PM, , and PM, ) concentrations and population exposure

Satellite data can be used to monitor and forecast extreme weather such as
droughts, floods, heatwaves and storms, provide global space-time information on
losses caused by natural disasters and prepare for disasters

Satellite data can provide basic data such as ground cover distribution, human
activities and greenhouse gas concentrations

Reference
(Zhang et al. 2020;

Potapov et al. 2022)
(Wang et al. 2022)

(UNESCO 2022)

(Sun 2013)
(EC 2019)

(Stark et al. 2020; Wurm
etal. 2019)

(Schiavina et al. 2019)
(Shaddick et al. 2020)

(UNDRR 2022)

(Lamb et al. 2021; UNEP
and CCAC 2021)
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SDG indicator Total or Type of data Reference
partial use

14.3.1 on ocean acidification Partial
S-3A OLCI and Copernicus S-3B OLCI
14.1.7b on plastic debris density Partial
15.1.7 on forest area Total
part of the Global Forest Resources Assessment
15.1.1 on forest area Partial
Forest Structural Integrity Index to monitor forest quality
15.2.1 on sustainable forest Partial
management Investigation and Landsat data
15.3.1 on land degradation Total Open software and global data sets
15.4.2 on the Mountain Green Cover Total Land cover, vegetation indices and topographic data sets
Index
15.5.1 on threatened species Partial
sets

6.2.2 Citizen science

Citizen science can be broadly defined as public participation in
scientific research and knowledge production (Fraisl et al. 2022a).
Citizen science activities can take diverse forms, from hypothesis-
driven projects led by scientists where volunteers are only

involved in data contribution to initiatives designed by scientists
and volunteers together where volunteers participate in more or

all aspects of the project, for example, identifying the research
questions, collecting data, analysing the data and disseminating
the results. Sharing observations related to biodiversity, classifying
galaxies, collecting plastics and other litter and relevant data from
rivers, seas and oceans, and measuring water or air quality are
just a few examples from environmental citizen science activities.
Citizen science has great potential in SDG monitoring and
reporting. A review showed that the reporting of 76 indicators could
benefit from citizen science, specifically SDG 15 on life on land,
SDG 11 on sustainable cities and communities and SDG 6 on clean
water and sanitation (Fraisl et al. 2020).

CoastWatch, developed by NASA, produces daily chlorophyll-a data from Copernicus
Automated method for detection and classification of floating plastic materials from
Sentinel-2 multispectral imagery using the Naive Bayes classification algorithm

Use of freely available geospatial data and products by countries for reporting as

Two data products were developed: the Forest Structural Condition Index and the

Global forest height was mapped by integrating Global Ecosystem Dynamics

Satellite imagery and machine learning methods are used to develop global data

(NOAA 2023)
(Biermann et al. 2020)
(FAO 2020)

(Hansen et al. 2019)
(Potapov et al. 2021)

(Giuliani et al. 2020)
(Bian et al. 2020)

(Jung et al. 2020)

Citizen science data are already being used to report on several
SDG indicators. For instance, the Ghana Statistical Service and

the Environmental Protection Agency have recently integrated
citizen science beach litter data into their official statistics.

Ghana has become the first country to use citizen science data

on marine plastic litter in their official monitoring and reporting

of SDG indicator 14.1.1b. The initiative has helped bridge local
data-collection efforts by citizen scientists with global monitoring
processes and policy agendas by leveraging the SDG framework.
The results have been used in Ghana's latest voluntary national
review for the SDGs and have reported on the United Nations
Global SDG Indicators Database, helping to inform relevant policies
in Ghana (Olen 2022; NDPC 2022). Biodiversity and conservation
are also areas with a strong citizen science presence. For

example, SDG indicator 15.5.1 on the Red List Index uses BirdLife
International’s network of scientists and more than 2 million birders
and local volunteers to compile data on birds (BirdLife International
2022). Another example is the contribution of citizen science to
the establishment of protected areas of important terrestrial,



freshwater and mountain sites (SDG indicators 15.1.2 and 15.4.1).
More than 13,000 Important Bird and Biodiversity Areas in global
KBAs were established by BirdLife International using data from
their volunteer network (Donald et al. 2019). FreshWater Watch

is a global citizen science project and platform for monitoring
freshwater quality, which has empowered tens of thousands of
people around the world to become citizen scientists since 2012.
These citizen scientists are improving monitoring, management
and idea-sharing about freshwater-related ecosystems in their local
areas (FreshWater Watch 2022). Air and water quality are two other
important areas that benefit from citizen science. Several citizen
projects have included citizens in measuring PM, . and PM_  related
to SDG indicator 11.6.2 by using low-cost pollution monitoring
sensors, such as the CITI-SENSE project, hackAIR, AirCasting and
AirVisual (Fraisl et al. 2020). These citizen projects are valuable

for detecting changes in previous levels of PM, . and PM_  and
provide detailed spatial distributions across cities, which cannot be
produced with the current density of official air monitoring stations.

In addition to supporting the existing system of SDGs, citizen
science provides opportunities to contribute to the generation

of additional goals and targets where gaps can be identified. Air
quality monitoring demonstrates this potential. Currently, two SDG
indicators are directly linked to air quality: (i) SDG indicator 3.9.7 on
mortality rate attributed to household and ambient air pollution and
(ii) SDG indicator 11.6.2 on annual mean levels of fine particulate
matter (e.g., PM,, and PM, ) in cities (population-weighted).

Citizen science can fill this gap through the novel application of
traditional sensors such as Palmes diffusion tubes (Haklay and
Eleta 2019) and the ongoing efforts to develop reliable low-cost
electrochemical sensors (Clements et al. 2017). CurieuzeNeuzen
(Curious Noses) is a citizen science project involving the use of
diffusion tubes to monitor air quality in Antwerp, Belgium. Engaging
2,000 participants, the project resulted in positive behavioural

12 For more information, please visit: http://goa-on.org/.
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change in the participants while simultaneously driving political
debate on air pollution and mobility measures (Van Brussel and
Huyse 2019). Therefore, the opportunity exists to build a global
network of projects that could be linked to a new indicator, which
in turn could be used for future global environmental monitoring
efforts.

6.2.3 Other forms of big data

Different sensor networks have been utilized for monitoring SDG
indicators. For instance, air pollution monitoring stations are used
by the World Health Organization to model particulate matter for
SDG indicator 11.6.2, which then feeds into SDG indicator 3.9.1.
The Global Ocean Acidification Observing Network'” is used for
monitoring ocean acidification for SDG indicator 14.3.1 on marine
acidification.

Mobile phones can support the estimation of human mobility after
disasters by using SIM card locators, which indirectly contribute to
the measurement of SDG indicator 1.5.1/11.5.1/13.1.1 on people
affected by disasters. Mobile phones can also inform population
hotspots, social events and home locations, origin-destination
flows and geo-social radiuses, which feed into SDG indicator 11.2.1
on the proportion of population that has convenient access to
public transport.

6.3 Potential use of big data for disaggregated
environment-related SDG indicators

Improving data disaggregation is fundamental for the complete
implementation of the SDG indicator framework as it fulfils the
2030 Agenda pledge to leave no one behind. For environment-
related indicators, the disaggregation would be extremely useful
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since most environmental variables do not follow national
boundaries, and different groups of people have obvious
differences in vulnerability, adaptability and responses to
environmental problems (UNEP 2021b; Delli Paoli and Addeo
2020).

Understanding environment-related SDG indicators in different
geographic locations can provide important information at the
subnational, subadministrative, river basin and/or grid levels for
realizing the SDGs. EO data, location-based survey or sensor
network data combined with advanced analytical methods (e.g.
machine learning, geospatial modelling) can be used for these
types of disaggregation. For example, Fehri et al. (2019) used
administrative data combined with irrigation data estimated

by remote sensing to present a data-driven method allowing

to disaggregate SDG indicator 6.4.7 on water stress to higher
spatial and temporal resolution. In addition, satellite-based data
are used as input climate data to global hydrological models
(Sood and Smakhtin 2015). Fitoka et al. (2020) conducted an
Object-Based Image Analysis approach based on Sentinel-2 and
Landsat 5 TM satellite images to extract changes in the spatial
extent of water-related ecosystems in the Greek Ramsar sites and
their catchments in support of the basin-level disaggregation for
SDG indicator 6.6.1. Leasure et al. (2020) developed a Bayesian
modelling framework to produce a 10-metre spatial resolution
national population data set that combined population data
from recently conducted microcensuses with several geospatial
covariates.

Environment-related SDG indicators disaggregated by demography
carry great potential for understanding how different groups

of people interact with the environment. For such types of
disaggregation, survey data, citizen science, opinion (e.g. social
media data) or behavioural data combined with statistical, cloud
computing or deep learning methods can be used. For example,
cell phone communications and airtime credit purchase history

could assist in estimating the relative income of individuals,

the diversity and inequality of incomes and an indicator for
socioeconomic segregation for fine-grained regions, and then
disaggregate indicators by different income levels (Blumenstock,
Cadamuro and On 2015). Statistics Indonesia (2020) and a range
of partners are using mobile positioning data to increase coverage
and granularity for tourism statistics (12.b.1).

6.4 Challenges and possibilities

Big data offer a wide range of potential opportunities: cost savings,
improved timeliness, greater granularity, link ability and scalability,
improved international comparability, new dynamic indicators and
more. Big data may offer solutions to data deficits in the developing
world where traditional approaches have so far not reached the
target of full data availability. But of course, big data also present
risks and challenges for reporting on the SDG indicator framework.

a. Relevance

Until now, big data-based data sets have provided only partial or
complementary data sets for monitoring official SDG indicators.
Although these data sets have improved granularity and timeliness,
their lower relevance has not been able to meet the demand of
the NSOs in charge of reporting on the SDG indicator framework.
In addition, other big data types, such as opinion and behavioural
data, commercial data and administrative data, are mainly used
for social and economic related SDG indicators, whose utilization
for environment-related indicators is not well covered. Therefore,
identifying big data-based data sets that have a clear link with
SDG indicators will be of greater utility to national SDG monitoring
institutions.

Policy relevance and operational application are imperative, as
is the relevance to official indicator definition. The successful



practices link global open access data sets with tools and
e-learning courses to improve the practical skills of users. The
World Bank’s Light Every Night open data repository provides
open access to standardized and analysis-ready geospatial

data combined with code, tools and training for countries or
stakeholders to discover, process and analyse (WB 2020b). The
global FreshWater Ecosystems Explorer (UNEP n.d.e) is being
tested by countries to support national monitoring for SDG
indicator 6.6.1 on freshwater extent. CBAS developed a suite of
online calculation tools for SDG indicators (including 11.1.7 on
urban population living in slums, 15.1.1 on forest area and 15.3.1
on degraded land, among others), which could support monitoring
the global indicator framework and reporting for user-specified
regions (CBAS n.d.c).

b.  Accessibility

Many big data are proprietary, that is, commercially or privately
owned and not publicly available. Consequently, many big data
are not currently accessible, either because costs are prohibitive
or proprietary ownership makes it difficult. For example,

data generated from the use of credit cards, search engines,
social media and mobile phones are all proprietary and often
inaccessible. Most projects listed in the Big Data Inventory of
the United Nations Global Working Group on Big Data for Official
Statistics are pilot studies or remain in planning stages because
of data inaccessibility (MacFeely 2019), except for those projects
using EO and citizen science as data sources.

In this context, the introduction of FAIR (Findable, Accessible,
Interoperable and Reusable) principles to SDG data management
is imperative, requiring special focus on the future interoperability
of data and data platforms. The geospatial community has
embraced FAIR data principles and has long appreciated the need
for accessible and interoperable data. Therefore, the provision

of open-source and freely available satellite images and citizen
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science tools holds considerable potential (Fraisl et al. 2022b). Big
data can be used through cloud computing and cloud-based data
engines, which allow users to conduct analyses online without

the need to download or upload any large data sets. Some global
initiatives exist for improving the access and application of EO
data (GEQ, CEQS, UN-GGIM, EO4SDG and SDGSAT-1), along with
citizen science initiatives that help accelerate SDG data acquisition
and analysis. Organizations such as the Citizen Science Global
Partnership, citizen science association, their working groups and
current communities of practice in citizen science have worked
actively with NSOs to bring citizen science into the scope of official
reporting. For example, the communities of practice on citizen
science and the SDGs mapped existing contributions of citizen
science to SDG indicators and explored further contributions to
additional indicators, as part of the WeObserve project (Fraisl et al.
2022h).

c. Validity and veracity

Big data face the uncertainty of long-term stability or maturity
as well as their practicality as a data source for reporting on the
SDG indicator framework. For instance, social media may tweak
their services to test alternative layouts, colours or design, which
in turn may mutate or distort the underlying data, making data
inconsistent across users and/or time.

Another key challenge relates to methodologies used for big data
(Struijs, Braaksma and Daas 2014), including representativeness
and stability to be used in official statistics (MacFeely 2019). For
instance, mobile or social media data comprise observational data
and are not deliberately designed for data analysis. They do not
have a well-defined target population, structure or quality, which
makes it difficult to apply traditional statistical methods based
on sampling theory; the unstructured nature makes it difficult to
extract meaningful statistical information.
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Concerns about veracity arise from the concentration of data
platforms. For example, Reich (2015) notes that in 2010, the top 10
websites in the United States accounted for 75 per cent of all page
views. Similarly, market dominance by a few companies introduces
obvious risks of abuse and manipulation, raising serious questions
for the continued veracity of any resultant data. Even for the EO
data sets applications, predictions vary depending on the classifier
and set of training and testing data used (Mondal et al. 2019).
While these near-automated approaches can be applied to support
decision-making across large regions, they also need to include
uncertainty analyses, particularly in heterogeneous landscapes.

The development of best practice standards pertaining to
methodology, quality and validation are urgently needed. The United
Nations Global Working Group on Big Data for Official Statistics is
investigating these issues. Currently, 10 rules of engagement exist
for NSOs which can guide decisions around the use of big data
sources in national official statistics (Tam and Van Halderen 2020).
An outline is available about leading practice validation procedures
and accuracy assessment for EO data used in big data analyses
based on response design, sampling design and accuracy analysis
(Marconcini et al. 2020). These provide potential frameworks and
guidance for future consideration and validation of data sets to
support national monitoring of the SDGs.

6.5 Conclusion

Data for SDG indicators are largely populated by traditional data
from NSOs, other government ministries, official agencies and
international organizations. However, data revolution carries

great potential by using already available data sets in a structured
manner and alongside traditional data. Such data can respond to
the increasing demand for high-resolution spatial and temporal
data and can be timely for decision-making. The development of
principles on the use of big data is imperative to set the grounds for
identifying usable, comparable, relevant and accessible data. This
needs to be done in collaboration with NSOs and the international
statistical community to identify and organize the potential use

of big data to complement traditional data. The adoption of such
principles by the international community needs to be followed by
national policies to regulate and organize such a sector. This will
require resource mobilization, partnership with the private sector as
well as public engagement by consenting on the use of private data
for the development of national statistics.

The development of new models that use big data and cutting-
edge technologies for monitoring SDG indicators is needed. Based
on methodological standards and validation procedures, these
models ensure data set quality, thus addressing data gaps by
providing high-quality and spatiotemporally consistent global SDG
indicators data.

Utilizing big data for reporting on the SDG indicator framework
requires improved skills and capacities to work with such
cumbersome data sets, which in turn would require national
capacity-building to acquire, process and utilize big data sources
through tools, scalable applications and training or guidance for
governments, users and manuals.
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This report focuses on evaluating interlinkages and trends between
major global drivers and marine and freshwater indicators within
the SDG indicator framework. Although the progress made in
relation to the 92 environment-related SDG indicators is presented,
the overall progress towards attaining the SDG targets is not, as
those findings are reported elsewhere (for instance (UN 2022b)).
This work represents a major step forward in using analytical
methods to explore well-known and lesser-known interlinkages
between water indicators and other environmental, social and
economic factors.

7.1 Progress on environmental SDG indicators

Global analysis of the progress of the 92 environment-related SDG
indicators indicates an improvement in data availability. A total

of 59 per cent of the 92 environment-related SDG indicators have

sufficient data to analyse, compared with 42 per cent in 2020 and
32 per cent in 2018 (UNEP 2021b; UNEP 2019c).

While more indicators have sufficient data for analysing progress,
the number of both indicators showing positive and negative

or little change has increased. Among the SDG environment-
related indicators, 38 per cent show positive change indicating
environmental improvement, an increase from 28 per cent reported
in the previous report (UNEP 2021b). In parallel, 21 per cent of

SDG environment-related indicators are showing negative or little
change, an increase from 14 per cent reported for 2020.

Global policy discussions benefit not only from improved data
availability for SDG indicators but also from new analytical
approaches to understanding the underlying linkages and drivers
of indicator trends. This report represents one new analytical
approach that has the potential to contribute to a more policy-
relevant integrated analysis. The relationships explored in this
report provide a global-scale confirmation of relationships between

SDGs and their indicators that have been explored at smaller scales
elsewhere. Further, the analysis has helped identify critical gaps in
indicator data and challenges with disaggregated data that ought
to be resolved to achieve more meaningful policy analyses in the
future.

7.2 Integrating SDG indicators: Piloting new
analytical approaches through water data
and indicator

Global assessments of water resources have always been
challenged by the availability of global data sets that can provide
meaningful trends of changes in both freshwater- and marine-
related ecosystems. It has been even more difficult to link the state
and trends of water-related ecosystems to policy interventions at
all scales using data-driven and scientifically defensible methods.

The international community accepted the challenge of increasing
the consistency, scientific defensibility and policy relevance of
environmental data to inform global trends and policy through

the development of the SDG indicator framework. This report
represents one of the first attempts to identify statistically based
interlinkages between environmental, social and economic drivers
and freshwater- and marine-related ecosystem indicators.

This undertaking has exposed the need for even better and
more innovative approaches to developing global data sets

and to refining global water indicators. Of the 22 freshwater

and marine indicators included in the SDG framework, five have
been classified as representing change to ecosystems (two for
freshwater and three for marine). These indicators represent
the heart of the analysis presented in this report. However, only
one indicator for each of the marine and freshwater trends had
sufficient data to conduct a linkage analysis with other indicator
data sets, so the indicator that was used to evaluate change in



the freshwater ecosystem was “change in the extent of water-
related ecosystems over time” (SDG indicator 6.6.1) for which 22
data points were available. In the marine environment, the index
of coastal eutrophication and floating plastic debris density (SDG
indicator 14.1.1) was assessed through the single sub-indicator of
chlorophyll-a deviations with 17 data points available.

The challenge of analysing SDG indicators due to a lack of data
cuts across the environment-related SDG indicators set as
mentioned above. Data tracking gender equality and the inclusion
of vulnerable groups in water management and governance are
not available. The linkages between water and gender need to

be addressed, as women's gender roles often mean that they
interact with natural resources, especially in developing countries.
Understanding these inextricable linkages can lead to the
formulation of gender-responsive plans, policies and strategies in
line with international frameworks and agreements. Monitoring and
tracking such data ensure that all key stakeholders are involved and
such an inclusive approach is more likely to lead to environmental
sustainability while contributing to the environmental SDGs as well
as cross-cutting SDGs such as SDG 5.

Thus, a key conclusion from this report is the need to bolster
data collection for other environment-related indicators and to
re-evaluate the suitability of the current indicator methodologies
to parse true change in the environment from data and
methodological artefacts.

7.3 Key findings: Global freshwater-related
ecosystems

Freshwater-related ecosystems continue to be degraded at an
alarming rate. Estimates of over 85 per cent of wetlands have been
lost over the past 300 years, and the effect on other freshwater
ecosystems is accelerating (UN 2022b). This is despite 62 per
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cent of indicators indicating a positive change at the global
scale representing the 22 freshwater-related indicators including
ecosystems and human uses and activities.

The analysis presented in Chapter 4 of this report indicates that
land conservation indicators are tightly linked to freshwater-
related ecosystem status, emphasizing the importance of land
management practices in supporting healthy lakes, streams

and wetlands. The analysis also identified a strong negative
relationship between GNI per capita and the extent of freshwater
area. Economic activity continues to have a direct impact on the
degradation of freshwater systems. This emphasizes the need
to carefully evaluate the optimal locations for water-intensive
industries and to place value on the services provided by healthy
freshwater-related ecosystems.

The analysis also identified the impact on freshwater resources

of developing drinking water infrastructure without attention to
water-use efficiencies. At the global level, all state of human well-
being indicators were negatively related to freshwater area both
seasonally and as annual minimums and maximums. Experts
deduce that this could be related to the role that freshwater plays
in supporting public health and economic prosperity. Many jobs
are found in water-intensive sectors such as energy production,
manufacturing and agriculture, creating a strong link between
human well-being and freshwater resources. Investments in new
water infrastructure should focus on developing water resources
for human use in ways that provide a sustainable supply of clean
water without causing irreversible harm to freshwater streams.
Further, infrastructure investments should include provision for
both drinking water and proper treatment of wastewater especially
in urban settings and be linked to the circular economy. Water is
uniquely positioned to become circular if proper infrastructure

is designed to improve efficiency, water reuse (especially in the
energy and mining sectors), the integration of grey water into urban
landscapes and improved agricultural water sustainability. 117
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Some linkages between freshwater indicators and other SDG
indicators do not have a certain causal mechanism. For example,
a decline in the status of species listed as threatened by extinction
appears to be related to improvements in freshwater area.
However, additional investigation would be needed to determine

if this link is more than an artefact of the data and/or analysis
methods and what underlying mechanisms may be at play.

7.4 Key findings: Marine-related ecosystems

Stresses on marine-related ecosystems are well documented both
in scope and magnitude. Increased plastic pollution, eutrophication
and overfishing (including from illegal, unregulated and unreported
sources) as well as climate-driven increases in water temperature
and acidification all continue to degrade the health of coastal and
other marine-related ecosystems (UN 2022b).

In 2017, 2.4 billion people lived in areas within 100 km of the coast
(UN 2017), and recent assessments estimate that only around 16
per cent of global coastal regions are ecologically intact, while 48
per cent are heavily affected by human activities and 84 per cent
of countries had more than 50 per cent of their coastal regions
degraded (Williams et al. 2022).

The analysis summarized in Chapter 5 attempted to link the
eutrophication component of marine-related ecosystem status

to various potential drivers. The strongest positive linkage was
found between the proportion of population living in an urban area
and increased chlorophyll-a deviations. This finding is consistent
with the literature documenting eutrophication of coastal areas
that receive effluents from large cities or are linked to large
riverine inputs of freshwater and nutrients draining large areas of
agricultural and urban land uses.

Unfortunately, the aggregation of the chlorophyll-a data makes
linkages difficult to detect, and so, although the analytical
approach has merit and the linkages are generally consistent with
the literature, no new conclusions can be made about coastal
eutrophication and catchment-based human activities at the global
scale. Disaggregation of data to a catchment scale, rather than a
national one, would be necessary for exploring new relationships in
this arena.

7.5 Importance of scale: Global versus national
findings

A unique aspect of the analysis presented in this report is the
inclusion of both global- and national-level linkages. This approach
provides an opportunity to verify global linkages with national case
studies, which also helps explore the impact of data aggregation on
the ability to detect meaningful linkages between indicators. Each
of the countries included in this report have more data on water
resources, which can help explore the soundness of the linkages
discovered through the global-level analysis.

Indicators related to conservation efforts were the most
consistently positively linked to freshwater-related ecosystem
indicators at both the global and national scales. This includes
measures of terrestrial, mountain and freshwater KBAs. Further,
indicators related to urbanization and drinking water infrastructure
were also closely linked with freshwater-related ecosystem
area at both scales. GNI per capita was also negatively linked
with freshwater-related ecosystem outcomes at both the global
and national levels. These findings emphasize the importance
of policies related to conservation, water infrastructure and

the mitigation of impacts associated with economic activity in
protecting freshwater-related ecosystems.



Interestingly, linkages between water-use efficiency indicators and
freshwater-related ecosystems were found at the national level but
were not identified in the global-level analysis. The predominance
in Colombia and Mongolia of the relationship between water-use
efficiency and water resource indicators might suggest that, in
these countries, water management strategies are not sufficient to
decouple economic activities from resource use, even though this
relationship has not been found at the global level.

Regarding the impact of freshwater-related ecosystems on the
state of human well-being, the statistical analysis has identified
different direct drivers and socioeconomic and environmental
factors for global compared with national settings. Only at the
national level were lakes and rivers seasonal areas directly linked
with proportion of population accessing basic drinking water
services and GNI per capita.

Unfortunately, no national-level analyses were possible for the
marine-related ecosystem indicators, so a comparison cannot be
made between the global and national levels.

The various positive and negative relationships identified between
the state of the ecosystem, direct drivers of change, state of
human well-being and socioeconomic and environmental factors
highlighted the importance of considering the impact of indirectly
related factors. While some impacting factors are common for
global and national settings, identifying other national factors
considered to have synergies or trade-offs with freshwater-related
ecosystems is imperative to be able to formulate targeted policies
and interventions to protect freshwater-related ecosystems.

While some linkages were detected at both the global and national
scales, others were only identified at the more granular national
scale. While global-level trends are critical to assessing overall
progress in achieving the SDGs, the importance of also evaluating
indicators at the national scale, as demonstrated in this report, will
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provide a more comprehensive and actionable interpretation of key
linkages.

Data and indicators are key for informed decision-making

and policy design to know how realistic options are, what
inconsistencies might result from decisions, how the cost of
such inconsistencies can be mitigated and how trade-offs

can be explained. The SDG indicator framework represents a
critical advancement towards international goals in increasing
the consistency, scientific defensibility and policy relevance of
environmental data to inform global trends and policies at all
scales. National, subnational and international perspectives should
be integrated to ensure policy coherence. Considering that most
environmental policies, including water policy, are developed at
the national or subnational scale, it is crucial that the successes
of the SDG indicator framework be translated into disaggregated
data that can inform subnational policies while maintaining
compatibility at the global scale.

7.6 Policy recommendations

This report represents the first attempt to use statistical tools to
link a broad suite of SDG indicators representing socioeconomic,
environmental and human well-being indicators with freshwater-
and marine-related ecosystems status. Generally, the strongest
linkages are supported by other literature and provide more
robust support for policies that integrate land and water
conservation, ensure suitable water infrastructure in urban areas,
provide mitigation of pollution and address impacts from water
withdrawals associated with economic activity. These policies
broadly cross the targets identified in SDG 6, SDG 14 and SDG 15
(UNESCO and UN-Water 2020; UNEP 2019d).

Integrated water resources management is an optimal policy
response to water resources and ecosystems. This requires the 119



incorporation of scientific analysis of the most relevant external
drivers of ecosystem and resource issues and a comprehensive
planning approach used in integrated water resources
management, in addition to the traditional approach which focuses
on stakeholder input. This is critical to achieving policy coherence
and recommendations that are both policy relevant but also
scientifically defensible. This concept is well represented in SDG
target 17.14, which highlights the importance of mechanisms to
enhance policy coherence in sustainable development.

Sustainable development and the 2030 Agenda can only be
achieved through an all-sectoral approach. Its interlinked nature
calls for policy coherence for sustainable development through an
integrated approach to ensure the production of complementary
policies and avoidance of trade-offs.

7.7 Data and indicator recommendations

Measuring the progress of the 92 environment-related SDG
indicators generally evaluated trends but did not assess their
magnitude or progress towards meeting targets identified for
specific indicators. Although this report provides statistical
support for a suite of policy recommendations that have been
outlined elsewhere (UNESCO and UN-Water 2020; UNEP 2019d),
the analytical approach outlined herein also exposes some of the
critical data gaps on water-related ecosystems and has challenged
the suitability of some indicators to detect meaningful change in
the health of freshwater- and marine-related ecosystems.

The freshwater-related ecosystem assessment was limited to
linkages between various metrics of the area of freshwater within
each country. While these data sets benefit from the ability to
provide consistent measurement using remote sensing across
the globe, they are limited in their ability to measure the water
quality, volume or ecosystem health of waterbodies. There may

be opportunities to further utilize citizen science, satellite imagery
or low-cost in situ monitoring to produce measures of water
quality and/or volume for reservoirs, lakes and even aquifers. The
standardization of water data across agencies that currently collect
and publish this information is a major hurdle that will need to be
addressed to make good use of existing robust data sets. Currently,
citizen science contributes to the monitoring of five SDG indicators
(i.e., SDG 14.1.7b on marine litter or SDG 6.3.2 on water quality)
with a potential to directly or, through supplementary information,
contribute to 76 indicators (Fraisl et al. 2020).

There is also a clear need to continue to scale up consistent water
quality monitoring that can be used to inform national- and global-
level assessments. Reliable water quality monitoring data are
required to assess the status and trends of water quality for human
and ecosystem health as well as to inform policymakers in taking
appropriate decisions conducive to water resource protection

and restoration, both in terms of waterbodies and water-related
ecosystems. However, during the 2017 data drive, only 52 Member
States reported on their ambient water quality, and some of the
submissions contained very few data points (UN-Water 2018a).

Data availability limited the analysis of marine-related ecosystems.
Data on plastic debris density (SDG 14.71.1b) was unavailable and
time-series data were not yet available for another state of the
marine-related ecosystem indicator. Although data availability for
SDG 14 has improved, the current availability of data does not
provide an understanding robust enough to statistically support
policy formulation. Although chlorophyll-a data were available to
evaluate coastal eutrophication, the aggregation of chlorophyll-a
data to the country level means that the aggregate value may or
may not reflect changes for a particular river system (or group of
river systems) depending on the size and geography of individual
countries. Interpreting the indicator becomes more difficult as the
length of the coastline increases, making it a serious challenge
for large countries. Disaggregation of chlorophyll-a data at the



subnational level (major river basins) is needed to provide a
better understanding about the drivers of coastal eutrophication
globally. Future revisions of the indicator methodology for coastal
eutrophication are recommended to evaluate alternative spatial
boundaries for aggregation that represent catchment-scale
linkages and/or natural boundaries associated with ecosystem
type and function rather than national boundaries.

The statistical model used in this report confirmed many known
linkages between freshwater- and marine-related ecosystems and
variable drivers. It also identified several new linkages that cannot
be easily explained with the existing literature. While authors
attempt to postulate potential mechanisms for these linkages,
further investigations are needed to identify whether there are
covariates or drivers that may help to develop new innovative
policies to protect freshwater- and marine-related ecosystems.

As the SDG indicator framework continues to undergo review
and revision especially in preparation of the post-2030 Agenda,
this report demonstrates the importance of incorporating more
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ecologically relevant spatial groupings. Catchment-based or
ecosystem-based aggregations may provide more insight into
the ecological dimension of many of the linkages identified in
this report. However, methods and tools used are expected to be
concomitantly developed to facilitate actionable use of data by
policymakers working within political or geographical boundaries.
Further, although remote sensing has provided comprehensive
data for the analysis of global trends, there are some clear
drawbacks of relying solely on a remote sensing approach. Other
methodologies and data are necessary to understand underlying
trends in freshwater-related ecosystem health and water quality
that cannot be measured with remote sensing.

Finally, the challenges associated to the analysis of economic-
socio-environmental interlinkages for freshwater- and marine-
related ecosystems exist across the environmental dimension of
the SDGs, particularly as related to the lack of sufficient data and
the need for additional disaggregated data. An effort to deploy
novel sources of data and to assess their reliability and consequent
value to policy formulation is critical to the goal of developing
science-based action to achieve sustainable development.
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Annex A. Environment-related SDG targets, indicators,
and relevant sub-indicators in the SDG Global Indicator
Framework

Table A.1 List of the 92 environment-related indicators in the SDG Global Indicator Framework

Note: Indicators for which UNEP is Custodian Agency are marked in blue font

Goal

Goal 1.

End poverty
in all its forms
everywhere

Target

1.4 By 2030, ensure that all men and women, in
particular the poor and the vulnerable, have equal
rights to economic resources, as well as access

to basic services, ownership and control over

land and other forms of property, inheritance,
natural resources, appropriate new technology and
financial services, including microfinance

Indicator

1.4.2 Proportion of total adult
population with secure tenure rights
to land, with legally recognized
documentation and who perceive their
rights to land as secure, by sex and by
type of tenure

Sub-Indicator

Proportion of people with secure
tenure rights to land out of total
adult population, by sex (%)

1.5 By 2030, build the resilience of the poor and
those in vulnerable situations and reduce their
exposure and vulnerability to climate-related
extreme events and other economic, social and
environmental shocks and disasters

1.5.1 Number of deaths, missing persons
and directly affected persons attributed to
disasters per 100,000 population

Number of directly affected
persons attributed to disasters per
100,000 population (number)

1.5.2 Direct economic loss attributed
to disasters in relation to global gross
domestic product (GDP)

Direct economic loss attributed to
disasters relative to GDP (%)

1.5.3 Number of countries that adopt
and implement national disaster risk
reduction strategies in line with the
Sendai Framework for Disaster Risk
Reduction 2015-2030

Number of countries that reported
having a National DRR Strategy
which is aligned to the Sendai
Framework

1.5.4 Proportion of local governments
that adopt and implement local
disaster risk reduction strategies in line
with national disaster risk reduction
strategies

Proportion of local governments
that adopt and implement local
disaster risk reduction strategies
in line with national disaster risk
reduction strategies (%)
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Goal

Goal 2.

End hunger
achieve food
security and

Target

2.4 By 2030, ensure sustainable food production
systems and implement resilient agricultural
practices that increase productivity and production,
that help maintain ecosystems, that strengthen

Indicator

2.4.1 Proportion of agricultural area
under productive and sustainable
agriculture

Sub-Indicator

improved capacity for adaptation to climate change, extreme
nutrition and weather, drought, flooding and other disasters and
promote that progressively improve land and soil quality
sustainable . — ] - ] ]
agriculture 2.5 By 2020, maintain the genetic diversity of seeds, | 2.5.1 Number of plant and animal Plant breeds for which sufficient
cultivated plants and farmed and domesticated genetic resources for food and genetic resources are stored
animals and their related wild species, including agriculture secured in either medium (number)
through soundly managed and diversified seed or long-term conservation facilities
and plant banks at the national, regional and ] - i
international levels, and promote access to and 252 'PI’OpOI”[IOI"I of |oga| breeds . Propqr‘uon of local breeds classified
fair and equitable sharing of benefits arising from classified as being at risk, not-at-risk or | as being at risk as a share of
the utilization of genetic resources and associated at unknown level of risk of extinction Iocgl breeds with known level of
traditional knowledge, as internationally agreed extinction risk (%)
Goal 3. 3.9 By 2030, substantially reduce the number of 3.9.1 Mortality rate attributed to Age-standardized mortality rate
Ensure healthy deaths and illnesses from hazardous chemicals household and ambient air pollution attributed to household and
lives and and air, water and soil pollution and contamination ambient air pollution (deaths per
promote well- 100,000 population)

being for all at all
ages

3.9.2 Mortality rate attributed to unsafe
water, unsafe sanitation and lack of
hygiene (exposure to unsafe Water,
Sanitation and Hygiene for All (WASH)
services)

Mortality rate attributed to unsafe
water, unsafe sanitation and lack of
hygiene from diarrhoea, intestinal
nematode infections, malnutrition
and acute respiratory infections
(deaths per 100,000 population)

3.9.3 Mortality rate attributed to
unintentional poisoning

Mortality rate attributed to
unintentional poisonings, by sex
(deaths per 100,000 population)

Goal 4.

Ensure inclusive
and equitable
quality education
and promote
lifelong learning
opportunities

for all

4.7 By 2030, ensure that all learners acquire

the knowledge and skills needed to promote
sustainable development, including, among others,
through education for sustainable development
and sustainable lifestyles, human rights, gender
equality, promotion of a culture of peace and
non-violence, global citizenship and appreciation
of cultural diversity and of culture’s contribution to
sustainable development

4.7.1 Extent to which (i) global
citizenship education and (ii) education
for sustainable development, including
gender equality and human rights,

are mainstreamed at all levels in:

(a) national education policies, (b)
curricula, (c) teacher education and (d)
student assessment

Extent to which global citizenship
education and education for
sustainable development are
mainstreamed in national
education policies




Goal

Goal 5.

Achieve gender
equality and
empower all
women and girls

Target

5.a Undertake reforms to give women equal rights
to economic resources, as well as access to
ownership and control over land and other forms of
property, financial services, inheritance and natural
resources, in accordance with national laws

Indicator

5.a.1 (a) Proportion of total agricultural
population with ownership or secure
rights over agricultural land, by sex;
and (b) share of women among
owners or rights-bearers of agricultural
land, by type of tenure

Annex
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Sub-Indicator

Proportion of people with
ownership or secure rights over
agricultural land, both sexes (%)

Goal 6.

Ensure
availability and
sustainable
management
of water and
sanitation for all

6.7 By 2030, achieve universal and equitable access
to safe and affordable drinking water for all

6.1.1 Proportion of population using
safely managed drinking water
services

Proportion of population using
safely managed drinking water
services, by urban/rural (%)

6.2 By 2030, achieve access to adequate and
equitable sanitation and hygiene for all and end
open defecation, paying special attention to the
needs of women and girls and those in vulnerable
situations

6.2.7 Proportion of population using
(a) safely managed sanitation services
and (b) a hand-washing facility with
soap and water

Proportion of population using
safely managed sanitation services,
All areas (%)

6.3 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

6.3.1 Proportion of wastewater safely
treated

Proportion of safely treated
domestic wastewater flows (%)

6.3.2 Proportion of bodies of water
with good ambient water quality

Proportion of bodies of water with
good ambient water quality (%)

6.4 By 2030, substantially increase water-use
efficiency across all sectors and ensure sustainable
withdrawals and supply of freshwater to address
water scarcity and substantially reduce the number
of people suffering from water scarcity

6.4.17 Change in water-use efficiency
over time

Water Use Efficiency (United States
dollars per cubic meter)

6.4.2 Level of water stress: freshwater
withdrawal as a proportion of available
freshwater resources

Level of water stress: freshwater
withdrawal as a proportion of
available freshwater resources (%)

6.5 By 2030, implement integrated water resources
management at all levels, including through
transboundary cooperation as appropriate

6.5.1 Degree of integrated
water resources management
implementation (0-100)

Degree of integrated water
resources management
implementation (%)

6.5.2 Proportion of transboundary basin
area with an operational arrangement
for water cooperation

Proportion of transboundary basins
(river and lake basins and aquifers)
with an operational arrangement for
water cooperation (%)

6.6 By 2020, protect and restore water-related
ecosystems, including mountains, forests, wetlands,
rivers, aquifers and lakes

6.6.1 Change in the extent of water-
related ecosystems over time

Lakes and Rivers permanent water
area (% of total land area)
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Goal Target Indicator Sub-Indicator
6.a By 2030, expand international cooperation 6.a.1T Amount of water- and sanitation- | Total official development
and capacity-building support to developing related official development assistance | assistance (gross disbursement)
countries in water- and sanitation-related activities | that is part of a government- for water supply and sanitation,
and programmes, including water harvesting, coordinated spending plan by recipient countries (millions of
desalination, water efficiency, wastewater treatment, constant 2020 United States dollars)
recycling and reuse technologies
6.b Support and strengthen the participation of local | 6.b.1 Proportion of local administrative | Proportion of countries with clearly
communities in improving water and sanitation units with established and operational | defined procedures in law or policy
management policies and procedures for for participation by service users/
participation of local communities in communities in planning program
water and sanitation management in water resources planning and
management (%)
Goal 7. 7.1.2 Proportion of population with primary reliance | 7.1.2 Proportion of population with Proportion of population with

Ensure access
to affordable,
reliable,
sustainable and
modern energy
for all

on clean fuels and technology

primary reliance on clean fuels and
technology

primary reliance on clean fuels and
technology (%)

7.2 By 2030, increase substantially the share of
renewable energy in the global energy mix

7.2.1 Renewable energy share in the
total final energy consumption

Renewable energy share in the total
final energy consumption (%)

7.3 By 2030, double the global rate of improvement
in energy efficiency

7.3.1 Energy intensity measured in
terms of primary energy and GDP

Energy intensity level of primary
energy (megajoules per constant
2011 purchasing power parity GDP)

7.a By 2030, enhance international cooperation
to facilitate access to clean energy research and
technology, including renewable energy, energy
efficiency and advanced and cleaner fossil-fuel
technology, and promote investment in energy
infrastructure and clean energy technology

7.a.1 International financial flows to
developing countries in support of clean
energy research and development and
renewable energy production, including
in hybrid systems

International financial flows to
developing countries in support

of clean energy research and
development and renewable energy
production, including in hybrid
systems (millions of constant 2016
United States dollars)

7.b By 2030, expand infrastructure and upgrade
technology for supplying modern and sustainable
energy services for all in developing countries, in
particular least developed countries, small island
developing States and landlocked developing
countries, in accordance with their respective
programmes of support

7.b.1 Installed renewable energy-
generating capacity in developing
countries (in watts per capita)

Installed renewable electricity-
generating capacity (watts per
capita)




Goal

Goal 8.
Promote
sustained,
inclusive and
sustainable
economic
growth, full

and productive
employment and
decent work for
all

Target

8.4 Improve progressively, through 2030, global
resource efficiency in consumption and production
and endeavour to decouple economic growth from
environmental degradation, in accordance with the
10 Year Framework of Programmes on Sustainable
Consumption and Production, with developed
countries taking the lead

Indicator

8.4.1 Material footprint, material
footprint per capita, and material
footprint per GDP

\[/
av
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Sub-Indicator

Material footprint per unit of GDP, by
type of raw material (kilograms per
constant 2015 United States dollar)

8.4.2 Domestic material consumption,
domestic material consumption

per capita, and domestic material
consumption per GDP

Domestic material consumption
per capita, by type of raw material
(tonnes)

Goal 9.

Build resilient
infrastructure,
promote inclusive
and sustainable
industrialization

9.4 By 2030, upgrade infrastructure and retrofit
industries to make them sustainable, with increased
resource-use efficiency and greater adoption of
clean and environmentally sound technologies and
industrial processes, with all countries taking action
in accordance with their respective capabilities

9.4.1 CO, emission per unit of value
added

Carbon dioxide emissions per unit
of manufacturing value added
(kilogrammes of CO, per constant
2070 United States dollars)

and foster

innovation

Goal 11. 11.2 By 2030, provide access to safe, affordable, 11.2.1 Proportion of population that has | Proportion of population that
Make cities accessible and sustainable transport systems for convenient access to public transport, | has convenient access to public
and human all, improving road safety, notably by expanding by sex, age and persons with disabilities | transport (%)

settlements
inclusive, safe,
resilient and
sustainable

public transport, with special attention to the needs
of those in vulnerable situations, women, children,
persons with disabilities and older persons

11.3 By 2030, enhance inclusive and sustainable
urbanization and capacity for participatory,
integrated and sustainable human settlement
planning and management in all countries

11.3.71 Ratio of land consumption rate
to population growth rate

11.3.2 Proportion of cities with a direct
participation structure of civil society in
urban planning and management that
operate regularly and democratically

11.4 Strengthen efforts to protect and safeguard the
world's cultural and natural heritage

11.4.71 Total per capita expenditure

on the preservation, protection and
conservation of all cultural and natural
heritage, by source of funding (public,
private), type of heritage (cultural,
natural) and level of government
(national, regional, and local/municipal)

Total expenditure per capita spent
on cultural and natural heritage,
public and private (PPP, constant
2017 United States dollars)
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Goal

Target

11.5 By 2030, significantly reduce the number of
deaths and the number of people affected and
substantially decrease the direct economic losses
relative to global gross domestic product caused
by disasters, including water-related disasters,
with a focus on protecting the poor and people in
vulnerable situations

Indicator

11.5.17 Number of deaths, missing
persons and directly affected persons
attributed to disasters per 100,000
population

Sub-Indicator

Number of directly affected persons
attributed to disasters per 100,000
population (number)

11.5.2 Direct economic loss in

relation to global GDP, damage to
critical infrastructure and number of
disruptions to basic services, attributed
to disasters

Direct economic loss attributed to
disasters relative to GDP (%)

11.6 By 2030, reduce the adverse per capita
environmental impact of cities, including by paying
special attention to air quality and municipal and
other waste management

11.6.1 Proportion of urban solid waste
regularly collected and with adequate

final discharge out of total urban solid
waste generated, by cities

Municipal Solid Waste collection
coverage, by cities (%)

11.6.2 Annual mean levels of fine
particulate matter (e.g. PM, , and PM, )
in cities (population weighted)

Annual mean levels of fine
particulate matter (population-
weighted), by location (micrograms
per cubic meter)

11.7 By 2030, provide universal access to safe,
inclusive and accessible, green and public spaces,
in particular for women and children, older persons
and persons with disabilities

11.7.1 Average share of the built-up
area of cities that is open space for
public use for all, by sex, age and
persons with disabilities

Average share of the built-up area of
cities that is open space for public
use for all (%)

11.b By 2020, substantially increase the number

of cities and human settlements adopting and
implementing integrated policies and plans towards
inclusion, resource efficiency, mitigation and
adaptation to climate change, resilience to disasters,
and develop and implement, in line with the Sendai
Framework for Disaster Risk Reduction 2015-2030,
holistic disaster risk management at all levels

17.b.7T Number of countries that adopt
and implement national disaster risk
reduction strategies in line with the
Sendai Framework for Disaster Risk
Reduction 2015-2030

Score of adoption and
implementation of national DRR
strategies in line with the Sendai
Framework

11.b.2 Proportion of local governments
that adopt and implement local
disaster risk reduction strategies in line
with national disaster risk reduction
strategies

Proportion of local governments
that adopt and implement local
disaster risk reduction strategies
in line with national disaster risk
reduction strategies (%)




Goal

Goal 12.
Ensure
sustainable
consumption
and production
patterns

Target

12.7 Implement the 10-Year Framework of
Programmes on Sustainable Consumption and
Production Patterns, all countries taking action,
with developed countries taking the lead, taking
into account the development and capabilities of
developing countries

Indicator

12.1.1 Number of countries with
sustainable consumption and
production (SCP) national action plans
or SCP mainstreamed as a priority or a
target into national policies

Sub-Indicator

Countries with sustainable
consumption and production

(SCP) national action plans or SCP
mainstreamed as a priority or target
into national policies (1 = YES; 0 =
NO)

12.2 By 2030, achieve the sustainable management
and efficient use of natural resources

12.2.1 Material footprint, material
footprint per capita, and material
footprint per GDP

Material footprint per unit of GDP, by
type of raw material (kilograms per
constant 2010 United States dollar)

12.2.2 Domestic material consumption,
domestic material consumption

per capita, and domestic material
consumption per GDP

Domestic material consumption
per capita, by type of raw material
(tonnes)

12.3 By 2030, halve per capita global food waste

at the retail and consumer levels and reduce food
losses along production and supply chains, including
post-harvest losses

12.3.1 (a) Food loss Index and (b) Food
waste Index

Food loss percentage (%) and Food
Waste

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

12.4.1 Number of parties to
international multilateral environmental
agreements on hazardous waste,

and other chemicals that meet their
commitments and obligations in
transmitting information as required by
each relevant agreement

Parties meeting their commitments
and obligations in transmitting
information as required by MEA's
on hazardous waste, and other
chemicals

12.4.2 (a) Hazardous waste generated
per capita; and (b) proportion of
hazardous waste treated, by type of
treatment

Electronic waste generated, per
capita (KG)

12.5 By 2030, substantially reduce waste generation
through prevention, reduction, recycling and reuse

12.5.1 National recycling rate, tons of
material recycled

Electronic waste recycling rate (%)

12.6 Encourage companies, especially large and
transnational companies, to adopt sustainable
practices and to integrate sustainability information
into their reporting cycle

12.6.1 Number of companies
publishing sustainability reports

Number of companies publishing
sustainability reports with
disclosure by dimension, by level of
requirement (Number)
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/stems and the SDGs

Target

12.7 Promote public procurement practices that are
sustainable, in accordance with national policies and
priorities

Indicator

12.7.1 Degree of sustainable public
procurement policies and action plan
implementation

Sub-Indicator

Number of countries implementing
sustainable public procurement
policies and action plans

12.8 By 2030, ensure that people everywhere

have the relevant information and awareness for
sustainable development and lifestyles in harmony
with nature

12.8.1 Extent to which (i) global
citizenship education and (i) education
for sustainable development (including
climate change education) are
mainstreamed in (a) national education
policies; (b) curricula; (c) teacher
education; and (d) student assessment

Extent to which global citizenship
education and education for
sustainable development are
mainstreamed in national education
policies

12.a Support developing countries to strengthen
their scientific and technological capacity to move
towards more sustainable patterns of consumption
and production

12.a.1 Installed renewable energy-
generating capacity in developing
countries (in watts per capita)

Installed renewable electricity-
generating capacity (watts per
capita)

12.b Develop and implement tools to monitor
sustainable development impacts for sustainable
tourism that creates jobs and promotes local culture
and products

12.b.7T Implementation of standard
accounting tools to monitor the
economic and environmental aspects
of tourism sustainability

Implementation of standard
accounting tools to monitor the
economic and environmental
aspects of tourism (number of
tables)

12.c Rationalize inefficient fossil-fuel subsidies
that encourage wasteful consumption by removing
market distortions, in accordance with national
circumstances, including by restructuring taxation
and phasing out those harmful subsidies, where
they exist, to reflect their environmental impacts,
taking fully into account the specific needs and
conditions of developing countries and minimizing
the possible adverse impacts on their development
in a manner that protects the poor and the affected
communities

12.c.1 Amount of fossil-fuel subsidies
per unit of GDP (production and
consumption) and as a proportion of
total national expenditure on fossil fuels

Fossil-fuel pre-tax subsidies
(consumption and production)
(billions of current United States
dollars)




Goal

Goal 13.

Take urgent
action to combat
climate change
and its impacts

Target

13.1 Strengthen resilience and adaptive capacity to
climate-related hazards and natural disasters in all
countries

Indicator

13.1.1 Number of deaths, missing
persons and directly affected persons
attributed to disasters per 100,000
population

\[/
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Annex

Sub-Indicator

Number of directly affected persons
attributed to disasters per 100,000
population (number)

13.1.2 Number of countries that adopt
and implement national disaster risk
reduction strategies in line with the
Sendai Framework for Disaster Risk
Reduction 2015-2030

Score of adoption and
implementation of national DRR
strategies in line with the Sendai
Framework

13.1.3 Proportion of local governments
that adopt and implement local
disaster risk reduction strategies in line
with national disaster risk reduction
strategies

Proportion of local governments
that adopt and implement local
disaster risk reduction strategies
in line with national disaster risk
reduction strategies (%)

13.2 Integrate climate change measures into
national policies, strategies and planning

13.2.1 Number of countries with
nationally determined contributions,
long-term strategies, national
adaptation plans, strategies as reported
in adaptation communications and
national communications

Number of countries with nationally
determined contributions (Number)

13.2.2 Total greenhouse gas emissions
per year

Greenhouse gas emissions per year
(SDG 13.2.2)

13.3 Improve education, awareness-raising and
human and institutional capacity on climate change
mitigation, adaptation, impact reduction and early
warning

13.3.1 Extent to which (i) global
citizenship education and (i) education
for sustainable development are
mainstreamed in (a) national education
policies; (b) curricula; (c) teacher
education; and (d) student assessment

Extent to which global citizenship
education and education for
sustainable development are
mainstreamed in national education
policies

13.a Implement the commitment undertaken by
developed-country parties to the United Nations
Framework Convention on Climate Change to a goal
of mobilizing jointly $100 billion annually by 2020
from all sources to address the needs of developing
countries in the context of meaningful mitigation
actions and transparency on implementation and
fully operationalize the Green Climate Fund through
its capitalization as soon as possible

13.a.1 Mobilized amount of United
States dollars per year between 2020
and 2025 accountable towards the
$100 billion commitment

Total financial support provided
(Billions of current United States
dollars)
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Goal Target Indicator Sub-Indicator
13.b Promote mechanisms for raising capacity 13.b.7 Number of least developed Number of least developed
for effective climate change-related planning and countries and small island developing countries and small island
management in least developed countries and States that are receiving specialized developing States with nationally
small island developing States, including focusing support, and amount of support, determined contributions (Number)
on women, youth and local and marginalized including finance, technology and
communities capacity-building, for mechanisms
for raising capacities for effective
climate change-related planning and
management, including focusing
on women, youth and local and
marginalized communities
Goal 14. 14.1 By 2025, prevent and significantly reduce 14.1.1 (a) Index of coastal Chlorophyll-a deviations, remote

Conserve and
sustainably use
the oceans,
seas and marine
resources for
sustainable
development

marine pollution of all kinds, in particular from land-
based activities, including marine debris and nutrient
pollution

eutrophication; and (b) plastic debris
density

sensing (%)

14.2 By 2020, sustainably manage and protect
marine and coastal ecosystems to avoid significant
adverse impacts, including by strengthening their
resilience, and take action for their restoration in
order to achieve healthy and productive oceans

14.2.1 Number of countries using
ecosystem-based approaches to
managing marine areas

Number of countries using
ecosystem-based approaches to
managing marine areas (1 = YES; 0
= NO)

14.3 Minimize and address the impacts of ocean
acidification, including through enhanced scientific
cooperation at all levels

14.3.1 Average marine acidity
(pH) measured at agreed suite of
representative sampling stations

Average marine acidity (pH)
measured at agreed suite of
representative sampling stations

14.4 By 2020, effectively regulate harvesting and
end overfishing, illegal, unreported and unregulated
fishing and destructive fishing practices and
implement science-based management plans,

in order to restore fish stocks in the shortest

time feasible, at least to levels that can produce
maximum sustainable yield as determined by their
biological characteristics

14.4.1 Proportion of fish stocks within
biologically sustainable levels

Proportion of fish stocks within
biologically sustainable levels (not
overexploited) (%)

14.5 By 2020, conserve at least 10 per cent of
coastal and marine areas, consistent with national
and international law and based on the best
available scientific information

14.5.1 Coverage of protected areas in
relation to marine areas

Average proportion of Marine Key
Biodiversity Areas (KBAs) covered
by protected areas (%)




Target

14.6 By 2020, prohibit certain forms of fisheries
subsidies which contribute to overcapacity and
overfishing, eliminate subsidies that contribute

to illegal, unreported and unregulated fishing

and refrain from introducing new such subsidies,
recognizing that appropriate and effective special
and differential treatment for developing and least
developed countries should be an integral part of
the World Trade Organization fisheries subsidies
negotiation

Indicator

14.6.1 Degree of implementation
of international instruments aiming
to combat illegal, unreported and
unregulated fishing

\[/
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Sub-Indicator

Progress by countries in the degree
of implementation of international
instruments aiming to combat
illegal, unreported and unregulated
fishing (level of implementation: 1
lowest to 5 highest)

14.7 By 2030, increase the economic benefits

to small island developing States and least
developed countries from the sustainable use of
marine resources, including through sustainable
management of fisheries, aquaculture and tourism

14.7.1 Sustainable fisheries as a
proportion of GDP in small island
developing States, least developed
countries and all countries

Sustainable fisheries as a proportion
of GDP

14.a Increase scientific knowledge, develop research
capacity and transfer marine technology, taking

into account the Intergovernmental Oceanographic
Commission Criteria and Guidelines on the Transfer
of Marine Technology, in order to improve ocean
health and to enhance the contribution of marine
biodiversity to the development of developing
countries, in particular small island developing
States and least developed countries

14.a.1 Proportion of total research
budget allocated to research in the field
of marine technology

National ocean science expenditure
as a share of total research and
development funding (%)

14.c Enhance the conservation and sustainable
use of oceans and their resources by implementing
international law as reflected in the United Nations
Convention on the Law of the Sea, which provides
the legal framework for the conservation and
sustainable use of oceans and their resources, as
recalled in paragraph 158 of “The future we want”

14.c.1 Number of countries making
progress in ratifying, accepting and
implementing through legal, policy

and institutional frameworks, ocean-
related instruments that implement
international law, as reflected in the
United Nation Convention on the Law
of the Sea, for the conservation and
sustainable use of the oceans and their
resources

Score for the implementation of
UNCLOS and its two implementing
agreements (%)
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Goal

Goal 15.
Protect, restore
and promote
sustainable use
of terrestrial
ecosystems,
sustainably
manage
forests, combat
desertification,
and halt and
reverse land
degradation and
halt biodiversity
loss

Target

15.1 By 2020, ensure the conservation, restoration
and sustainable use of terrestrial and inland
freshwater ecosystems and their services, in
particular forests, wetlands, mountains and
drylands, in line with obligations under international
agreements

Indicator

15.1.1 Forest area as a proportion of
total land area

Sub-Indicator

Forest area as a proportion of total
land area (%)

15.1.2 Proportion of important sites for
terrestrial and freshwater biodiversity
that are covered by protected areas, by
ecosystem type

Average proportion of Terrestrial Key
Biodiversity Areas (KBAs) covered
by protected areas (%)

15.2 By 2020, promote the implementation of
sustainable management of all types of forests,
halt deforestation, restore degraded forests
and substantially increase afforestation and
reforestation globally

15.2.1 Progress towards sustainable
forest management

Proportion of forest area with a long-
term management plan (%)

15.3 By 2030, combat desertification, restore
degraded land and soil, including land affected by
desertification, drought and floods, and strive to
achieve a land degradation-neutral world

15.3.71 Proportion of land that is
degraded over total land area

Proportion of land that is degraded
over total land area

15.4 By 2030, ensure the conservation of mountain
ecosystems, including their biodiversity, in order to
enhance their capacity to provide benefits that are

essential for sustainable development

15.4.1 Coverage by protected areas
of important sites for mountain
biodiversity

Average proportion of Mountain Key
Biodiversity Areas (KBAs) covered
by protected areas (%)

15.4.2 Mountain Green Cover Index

Mountain Green Cover Index

15.5 Take urgent and significant action to reduce
the degradation of natural habitats, halt the loss of
biodiversity and, by 2020, protect and prevent the
extinction of threatened species

15.5.1 Red List Index

Red List Index

15.6 Promote fair and equitable sharing of the
benefits arising from the utilization of genetic
resources and promote appropriate access to such
resources, as internationally agreed

15.6.1 Number of countries that have
adopted legislative, administrative and
policy frameworks to ensure fair and
equitable sharing of benefits

Countries that have legislative,
administrative and policy framework
or measures reported to the Access
and Benefit-Sharing Clearing-House
(1=VYES;0=NO0)

15.7 Take urgent action to end poaching and
trafficking of protected species of flora and fauna
and address both demand and supply of illegal
wildlife products

15.7.1 Proportion of traded wildlife that
was poached or illicitly trafficked

15.8 By 2020, introduce measures to prevent the
introduction and significantly reduce the impact
of invasive alien species on land and water
ecosystems and control or eradicate the priority
species

15.8.1 Proportion of countries adopting
relevant national legislation and
adequately resourcing the prevention or
control of invasive alien species

Legislation, Regulation, Act related
to the prevention of introduction
and management of Invasive Alien
Species (1 = YES, 0 = NO)




Target

15.9 By 2020, integrate ecosystem and biodiversity
values into national and local planning, development
processes, poverty reduction strategies and
accounts

Indicator

15.9.1 (a) Number of countries that
have established national targets in
accordance with or similar to Aichi
Biodiversity Target 2 of the Strategic
Plan for Biodiversity 2011-2020 in
their national biodiversity strategy

and action plans and the progress
reported towards these targets; and (b)
integration of biodiversity into national
accounting and reporting systemes,
defined as implementation of the
System of Environmental-Economic
Accounting

Sub-Indicator

Countries that established national
targets in accordance with Aichi
Biodiversity Target 2 of the Strategic
Plan for Biodiversity 2011-2020 in
their National Biodiversity Strategy
and Action Plans (1 = YES; 0 = NO)

15.a Mobilize and significantly increase financial
resources from all sources to conserve and
sustainably use biodiversity and ecosystems

15.a.1 Official development assistance
and public expenditure on conservation
and sustainable use of biodiversity and
ecosystems

Total official development
assistance for biodiversity, by donor
countries (millions of constant 2017
United States dollars)

15.b Mobilize significant resources from all sources
and at all levels to finance sustainable forest
management and provide adequate incentives to
developing countries to advance such management,
including for conservation and reforestation

15.b.1 Official development assistance
and public expenditure on conservation
and sustainable use of biodiversity and
ecosystems

Total official development
assistance for biodiversity, by
recipient countries (millions of
constant 2017 United States dollars)

15.c Enhance global support for efforts to combat
poaching and trafficking of protected species,
including by increasing the capacity of local
communities to pursue sustainable livelihood
opportunities

15.c.1 Proportion of traded wildlife that
was poached or illicitly trafficked
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Goal

Goal 17.
Strengthen

the means of
implementation
and revitalize
the Global
Partnership for
Sustainable
Development

Target

17.7 Promote the development, transfer,
dissemination and diffusion of environmentally
sound technologies to developing countries on
favourable terms, including on concessional and
preferential terms, as mutually agreed

Indicator

17.7.1 Total amount of approved
funding for developing countries to
promote the development, transfer,
dissemination and diffusion of
environmentally sound technologies

Sub-Indicator

Total amount of approved funding
for developing countries to

promote the development, transfer,
dissemination and diffusion of
environmentally sound technologies

17.9 Enhance international support for
implementing effective and targeted capacity-
building in developing countries to support national
plans to implement all the Sustainable Development
Goals, including through North-South, South-South
and triangular cooperation

17.9.1 Dollar value of financial and
technical assistance (including
through North-South, South-South and
triangular cooperation) committed to
developing countries

Total official development
assistance (gross disbursement) for
technical cooperation (millions of
2017 United States dollars)

17.14 Enhance policy coherence for sustainable
development

17.14.1 Number of countries with
mechanisms in place to enhance policy
coherence of sustainable development

Mechanisms in place to enhance
policy coherence for sustainable
development (%)

17.16 Enhance the Global Partnership for
Sustainable Development, complemented by multi-
stakeholder partnerships that mobilize and share
knowledge, expertise, technology and financial
resources, to support the achievement of the
Sustainable Development Goals in all countries, in
particular developing countries

17.16.1 Number of countries reporting
progress in multi-stakeholder
development effectiveness monitoring
frameworks that support the
achievement of the sustainable
development goals

Progress in multi-stakeholder
development effectiveness
monitoring frameworks that support
the achievement of the sustainable
development goals (1 = YES; 0 = NO)

17.18 By 2020, enhance capacity-building support
to developing countries, including for least
developed countries and small island developing
States, to increase significantly the availability of
high-quality, timely and reliable data disaggregated
by income, gender, age, race, ethnicity, migratory
status, disability, geographic location and other
characteristics relevant in national contexts

17.18.1 Statistical capacity indicator
for Sustainable Development Goall
monitoring

Total
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Annex B. The SDG Regional Groupings

Central & Southern Asia

Central Asia: Kazakhstan; Kyrgyzstan; Tajikistan; Turkmenistan;
Uzbekistan

Southern Asia: Afghanistan; Bangladesh; Bhutan; India; Iran
(Islamic Republic of); Maldives; Nepal; Pakistan; Sri Lanka

Eastern and South-eastern Asia

Eastern Asia: China; Hong Kong, China; Macao, China; Democratic
People's Republic of Korea; Japan; Mongolia; Republic of Korea

South-eastern Asia: Brunei Darussalam; Cambodia; Indonesia; Lao
People’'s Democratic Republic; Malaysia; Myanmar; Philippines;
Singapore; Thailand; Timor-Leste; Viet Nam

Europe and Northern America

Northern America: Bermuda; Canada; Greenland; United States of
America

Eastern Europe: Belarus; Bulgaria; Czech Republic; Hungary;
Poland; Moldova; Romania; Russian Federation; Slovakia; Ukraine

Northern Europe: Aland Islands; Channel Islands; Denmark;
Estonia; Faroe Islands; Finland; Iceland; Ireland; Isle of Man; Latvia;
Lithuania; Norway; Sweden; United Kingdom of Great Britain and
Northern Ireland;

13 Based on the official SDG regions: https://unstats.un.org/sdgs/indicators/regional-groups/.

Southern Europe: Albania; Andorra; Bosnia and Herzegovina;
Croatia; Greece; Italy; Malta; Montenegro; Portugal; San Marino;
Serbia; Slovenia; Spain; North Macedonia

Western Europe: Austria; Belgium; France; Germany; Liechtenstein;
Luxembourg; Monaco; Netherlands; Switzerland

Latin America & the Caribbean

Caribbean: Anguilla; Antigua and Barbuda; Aruba; Bahamas;
Barbados; Bonaire, Sint Eustatius (Neth.); Saba (Neth.); British
Virgin Islands; Cayman Islands; Cuba; Curagao; Dominica;
Dominican Republic; Grenada; Guadeloupe; Haiti; Jamaica;
Martinique; Montserrat; Puerto Rico; Saint Kitts and Nevis; Saint
Lucia; Saint Vincent and the Grenadines; Sint Maarten (Neth.);
Suriname; Trinidad and Tobago; Turks and Caicos Islands; United
States Virgin Islands

Central America: Costa Rica; El Salvador; Guatemala; Honduras;
Mexico; Nicaragua, Panama

South America: Argentina; Belize; Bolivia (Plurinational State of);
Brazil; Chile; Colombia; Ecuador; Falkland Islands (Malvinas);
French Guiana; Guyana; Paraguay; Peru; South Georgia & the South
Sandwich Islands; Uruguay; Venezuela
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Northern Africa and Western Asia Sub-Saharan Africa

Northern Africa: Algeria; Egypt; Libya; Morocco; Sudan; Tunisia; Sub-Saharan Africa: Angola; Benin; Botswana; Burkina Faso;

Western Sahara Burundi; Cabo Verde; Cameroon; Central African Republic; Chad;
Comoros; Congo; Cote d'lvoire; Democratic Republic of the Congo;

Western Asia: Armenia; Azerbaijan; Bahrain; Cyprus; Georgia; Iraqg; Djibouti; Equatorial Guinea; Eritrea; Ethiopia; Gabon; Gambia; Ghana;

Israel; Jordan; Kuwait; Lebanon; Oman; Qatar; Saudi Arabia; State Guinea; Guinea-Bissau; Kenya; Lesotho; Liberia; Madagascar;

of Palestine; Syrian Arab Republic; Turkiye; United Arab Emirates; Malawi; Mali; Mauritania; Mauritius; Mayotte, Mozambique;

Yemen Namibia; Niger; Nigeria; Réunion; Rwanda; Sao Tome and Principe;
Senegal; Seychelles; Sierra Leone; Somalia; South Africa; South

Oceania Sudan

Australia and New Zealand: Australia; Christmas Island; Cocos
(Keeling) Islands; Heard Island & McDonald Islands; New Zealand;
Norfolk Island

Oceania excluding Australia and New Zealand

Melanesia: Fiji; New Caledonia; Papua New Guinea; Solomon
Islands; Vanuatu

Micronesia: Guam; Kiribati; Marshall Islands; Micronesia
(Federated States of); Nauru; Northern Mariana Islands; Palau

Polynesia: American Samoa; Cook Islands; French Polynesia; Niue;
Pitcairn; Samoa; Tokelau; Tonga; Tuvalu; Wallis and Futuna Island
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Annex C. Socio-economic and environmental factors
compilation

Annex C.1 Identified socio-economic and environmental factors for freshwater-related ecosystems

Goal Target

Economic and social | Gross national income per capita, purchasing power parity (PPP)

Urban population as a percentage of the total population
2.a.1.3 Agriculture value added share of GDP (%)
5.5.1 Proportion of seats held by women in (a) national parliaments and (b) local governments.

5.5.2 Proportion of individuals who own a mobile telephone, by sex

8.3.1 Proportion of informal employment in non-agriculture employment, by sex

8.7.1 Proportion and number of children aged 5-17 years engaged in child labor, by sex and age

9.2.1 Manufacturing value added as a proportion of GDP and per capita

17.7.1 Total government revenue as a proportion of GDP, by source

Physical 7.1.7 Proportion of population with access to electricity
infrastructure

7.3.1 Energy intensity measured in terms of primary energy and GDP

11.2.7 Proportion of population that has convenient access to public transport, by sex, age and persons with disabilities

11.7.7 Average share of the bult-up area of cities that is open space for public use for all, by sex, age and persons with disabilities

12.a.1 Installed renewable energy-generating capacity in developing countries (in watts per capita)

17.8.1 Proportion of individuals using the internet

Human infrastructure | 1.4.2 Proportion of total adult population with secure tenure rights to land, (a) with legally recognized

documentation, and (b) who perceive their rights to land as secure, by sex and type of tenure.

4.1.2 Completion rate of upper secondary education

4.4.1 Proportion of youth and adults with information and communications technology (ICT) skills, by type of skill

12.6.1 Number of companies publishing sustainability reports

12.8.1 Extent to which (i) global citizenship education and (ii) education for sustainable development are mainstreamed in (a)
national education policies; (b) curricula; (c) teacher education; and (d) student assessments

16.5.2 Proportion of businesses that had at least one contact with a public official and that paid a bribe to a public official or
were asked for a bribe by those public officials during the previous 12 months
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Goal Target

Environment 9.4.1 CO, emission per unit of value added
conditions

11.6.2 Annual mean levels of fine particulate matter (e.g. PM, . and PM, ) in cities (population weighted)

13.2.2 Total greenhouse gas emissions per year

15.4.2 Mountain Green Cover Index
15.5.1 Red List Index
Natural resources 15.1.1 Forest area as a proportion of total land area

15.3.1 Proportion of land that is degraded over total land area

Annex C.2 Identified socio-economic and environmental factors for marine-related ecosystems

Goal Target

Economic and social | Gross national income per capita, purchasing power parity (PPP)

Urban population as percentage of total population

2.1.1 Prevalence of undernourishment

5.5.1 Proportion of seats held by women in (a) national parliaments and (b) local governments.

8.3.1 Proportion of informal employment in non-agriculture employment, by sex

8.7.1 Proportion and number of children aged 5-17 years engaged in child labour, by sex and age

17.7.1 Total government revenue as a proportion of GDP, by source

Physical 1.4.1 Proportion of population living in households with access to basic services
infrastructure

4.a.1 Proportion of schools with access to (a) electricity; (b) the internet for pedagogical purposes; (c)
computers for pedagogical purposes; (d) adapter infrastructure and materials for students with
disabilities; (e) basic drinking water; (f) single-sex basic sanitation facilities; and (g) basic handwashing
facilities (as per the WASH indicator definitions).

6.1.7 Proportion of population using safely managed drinking water services

6.2.1 Proportion of population using (a) safely managed sanitation services and (b) a hand-washing facility with soap and water

7.1.7 Proportion of population with access to electricity

7.3.1 Energy intensity measured in terms of primary energy and GDP

11.1.7 Proportion of urban population living in slums, informal settlements or inadequate housing

11.2.1 Proportion of population that has convenient access to public transport, by sex, age and persons with disabilities

11.6.7 Proportion of municipal solid waste collected and managed in controlled facilities out of total municipal waste generated,

by cities
174 11.7.1 Average share of the bult-up area of cities that is open space for public use for all, by sex, age and persons with
o disabilities.
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Goal Target

Human infrastructure

1.4.2 Proportion of total adult population with secure tenure rights to land, (a) with legally recognized documentation, and (b)
who perceive their rights to land as secure, by sex and type of tenure.

4.1.2 Completion rate of education (upper secondary education)

4.4.1 Proportion of youth and adults with information and communications technology (ICT) skills, by type of skill

11.3.2 Number of cities with a direct participation structure of civil society in urban planning and management that operate
regularly and democratically

12.6.1 Number of companies publishing sustainability reports

16.5.2 Proportion of businesses that had at least one contact with a public official and that paid a bribe to a public official, or
were asked for a bribe by those public officials during the previous 12 months

Environment
conditions

11.6.2 Annual mean levels of fine particulate matter (e.g. PM, . and PM, ) in cities (population weighted)

13.2.2 Total greenhouse gas emissions per year

15.2.1 Progress towards sustainable forest management

15.5.1 Red List Index

Natural resources

6.3.2 Proportion of bodies of water with good ambient water quality

15.1.1 Forest area as a proportion of total land area

15.3.1 Proportion of land that is degraded over total land area
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Annex D. Indicators considered for the statistical analyses

Note: Annex D provides an overview of the indicators that were considered for the statistical analyses of the report (Table
D.1 and Table D.3), and an overview of indicators that were eventually used because of sufficient data for the statistical
analyses for global and national level (Table D.2 and Table D.4).

Annex D.1 Indicators considered for freshwater-related ecosystems

State of freshwater-related ecosystem indicators

6.3.2 Proportion of bodies of water with good ambient water quality

6.6.7 Change in the extent of water-related ecosystems over time

Drivers of change indicators for freshwater-related ecosystems

1.4.1 Proportion of population living in households with access to basic services

2.4.1 Proportion of agricultural area under productive and sustainable agriculture

6.2.1 Proportion of population using (a) safely managed sanitation services and (b) a hand-washing facility with soap and water

6.3.1 Proportion of domestic and industrial wastewater flows safely treated

6.4.7 Change in water-use efficiency over time

6.4.2 Level of water stress: freshwater withdrawal as a proportion of available freshwater resources

6.5.1 Degree of integrated water resources management

6.5.2 Proportion of transboundary basin area with an operational arrangement for water cooperation

6.a.1T Amount of water- and sanitation-related official development assistance that is part of a government-coordinated spending plan

6.b.1 Proportion of local administrative units with established and operational policies and procedures for participation of local communities in water and
sanitation management

7.2.1 Renewable energy share in the total final energy consumption

8.4.1 Material footprint, material footprint per capita, and material footprint per GDP

8.4.2 Domestic material consumption, domestic material consumption per capita, and domestic material consumption per GDP

9.1.2 Passenger and freight volumes, by mode of transport

11.1.7 Proportion of urban population living in slums, informal settlements, or inadequate housing

11.3.2 Proportion of cities with a direct participation structure of civil society in urban planning and management that operate regularly and
democratically

176 11.5.3 (a) Damage to critical infrastructure and (b) number of disruptors to basic services, attributed to disasters
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11.6.1 Proportion of municipal solid waste collected and managed in controlled facilities out of total municipal waste generated, by cities

12.1.7 Number of countries developing, adopting or implementing policy instruments aimed at supporting the shift to sustainable consumption and
production

12.4.2 (a) Hazardous waste generated per capita; and (b) proportion of hazardous waste treated, by type of treatment

12.5.1 National recycling rate, tons of material recycled

12.7.1 Degree of sustainable public procurement policies and action plan implementation

15.1.2 Proportion of important sites for terrestrial and freshwater biodiversity that are covered by protected areas, by ecosystem type

15.2.1 Forest area certified under an independently verified certification scheme (thousands of hectares)

15.4.1 Coverage by protected areas of important sites for mountain biodiversity

State of human well-being indicators related to freshwater-related ecosystems

1.1.1 Proportion of population below the international poverty line, by sex, age, employment status and geographical location (urban/rural)

1.2.71 Proportion of population living below the national poverty line, by sex and age.

1.2.2 Proportion of men, women and children of all ages living in poverty in all its dimensions according to national definitions

1.5.1 Number of deaths, missing persons and directly affected persons attributed to disasters per 100,000 population

1.5.2 Direct economic loss attributed to disasters in relation to global gross domestic product (GDP)

2.1.17 Prevalence of undernourishment (%)

2.1.2 Prevalence of moderate or severe food insecurity in the population, based on the Food Insecurity Experience Scale (FIES)

2.2.1 Prevalence of stunting (height for age <-2 standard deviation from the median of the WHO Child Growth Standards) among children under 5 years of
age, by type

2.2.2 Prevalence of malnutrition (weight for height >+2 or <-2 standard deviation from the median of the WHO Child Growth Standards) among children
under 5 years of age, by type (wasting and overweight)

2.3.2 Average income of small-scale food producers

3.9.2 Mortality rate attributed to unsafe water, unsafe sanitation and lack of hygiene

4.a.1 Proportion of schools with access to (a) electricity; (b) the internet for pedagogical purposes; (c) computers for pedagogical purposes; (d) adapted
infrastructure and materials for students with disabilities; (e) basic drinking water; () single-sex basic sanitation facilities; and (g) basic handwashing
facilities (as per the WASH indicator definitions).

6.1.7 Proportion of population using safely managed drinking water services

8.5.2 Unemployment rate, by sex, age and persons with disabilities

10.1.7 Growth rates of household expenditure or income per capita among the bottom 40 per cent of the population and the total population

10.2.1 Proportion of people living below 50 per cent of median income, by sex, age and persons with disabilities

11.5.1 Number of deaths, missing persons and directly affected persons attributed to disasters per 100,000 population

11.5.2 Direct economic loss attributed to disasters in relation to global gross domestic product (GDP)
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Annex D.2 Indicators with available data for freshwater-related ecosystems for Global, Mongolia and Colombia

Freshwater-related ecosystems indicators with available data, global level

1.1.17 Employed population below international poverty line (%)

2.1.1 Prevalence of undernourishment (%)

2.1.2 Proportion of children moderately or severely stunted (%)

2.2.2 Proportion of children moderately or severely overweight (%)

6.1.1 Proportion of population using safely managed drinking water services (%)

6.2.1 Proportion of population using basic sanitation water services (%)

6.6.1 Lakes and rivers permanent water area (% of total land area)

6.6.1 Lakes and rivers seasonal water area (% of total land area)

6.6.1 Reservoir minimum water area (% of total land area)

6.6.7 Reservoir maximum water area (% of total land area)

7.1.1 Proportion of population with access to electricity (%)

7.2.1 Renewable energy share in the total final energy consumption (%)

7.3.1 Energy intensity level of primary energy (megajoules per constant 2017 PPP)
8.4.1 Material footprint per unit of GDP (kilograms per constant 2015 USD)
8.4.2 Domestic material consumption per unit of GDP (kilograms per constant 2015 USD)

8.5.2 Unemployment rate (%)

9.2.1 Manufacturing value added (current United States dollars) as a proportion of GDP (%)
9.4.1 Carbon dioxide emissions per unit of GDP PPP (kilograms of CO, per constant 2017 USD)
12.a.1 Installed renewable electricity-generating capacity (watts per capita)

12.4.2 Electronic waste generated, per capita (KG)

15.1.2 Average proportion of terrestrial Key Biodiversity Areas (KBAS) covered (%)

15.1.2 Average proportion of freshwater Key Biodiversity Areas (KBAs) covered (%)

15.4.7 Average proportion of mountain Key Biodiversity Areas (KBAS) covered (%)
15.5.1 Red List Index
Urban population as a percentage of total population

GNI per capita, Atlas method (current USD)

Completion rate of upper secondary education (%)
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Freshwater-related ecosystems indicators with available data, Colombia

6.1.1 Proportion of population using safely managed drinking water services (%)

6.2.1 Proportion of population using basic sanitation water services (%)

6.4.1 Water-use efficiency (USD per cubic meter)

6.4.2 Levels of water stress: freshwater withdrawal as a proportion of available freshwater resources (%)

6.6.1 Lakes and rivers permanent water area (% of total land area)

6.6.1 Lakes and rivers seasonal water area (% of total land area)

6.6.1 Reservoir minimum water area (% of total land area)

6.6.1 Reservoir maximum water area (% of total land area)

7.2.1 Renewable energy share in the total final energy consumption (%)

7.3.1 Energy intensity level of primary energy (megajoules per constant 2017 PPP)

8.4.2 Domestic material consumption per unit of GDP (kilograms per constant 2015 USD)

9.2.1 Manufacturing value added (current United States dollars) as a proportion of GDP (%)
9.4.1 Carbon dioxide emissions per unit of GDP PPP (kilograms of CO, per constant 2017 USD)
15.1.2 Average proportion of freshwater Key Biodiversity Areas (KBAs) covered (%)

15.7.2 Average proportion of terrestrial Key Biodiversity Areas (KBAS) covered (%)

15.4.7 Average proportion of mountain Key Biodiversity Areas (KBAS) covered (%)
15.5.1 Red List Index
Urban population as a percentage of total population

GNI per capita, Atlas method (current USD)

Freshwater-related ecosystems indicators with available data, Mongolia

6.1.1 Proportion of population using safely managed drinking water services (%)

6.2.1 Proportion of population using basic sanitation water services (%)

6.4.1 Water-use efficiency (USD per cubic meter)

6.4.2 Levels of water stress: freshwater withdrawal as a proportion of available freshwater resources (%)

6.6.1 Lakes and rivers permanent water area (% of total land area)

6.6.1 Lakes and rivers seasonal water area (% of total land area)

6.6.1 Reservoir minimum water area (% of total land area)

6.6.7 Reservoir maximum water area (% of total land area)

7.2.1 Renewable energy share in the total final energy consumption (%)

7.3.1 Energy intensity level of primary energy (megajoules per constant 2017 PPP) 179
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8.4.2 Domestic material consumption per unit of GDP (kilograms per constant 2015 USD)

9.2.1 Manufacturing value added (current United States dollars) as a proportion of GDP (%)
9.4.1 Carbon dioxide emissions per unit of GDP PPP (kilograms of CO, per constant 2017 USD)
15.1.2 Average proportion of freshwater KBAs covered (%)

15.1.2 Average proportion of terrestrial KBAs covered (%)

15.4.1 Average proportion of mountain KBAs covered (%)
15.5.1 Red List Index
Urban population as a percentage of total population

GNI per capita, Atlas method (current USD)

Annex D.3 Indicators considered for marine-related ecosystems

State of marine-related ecosystems indicators

14.1.17 (a) Index of coastal eutrophication; and (b) plastic debris density

14.3.1 Average marine acidity (pH) measured at the agreed suite of representative sampling stations

14.4.1 Proportion of fish stocks within biologically sustainable levels

Drivers of change indicators for marine-related ecosystems

6.3.7 Proportion of domestic and industrial wastewater flows safely treated

6.4.2 Level of water stress: freshwater withdrawal as a proportion of available freshwater resources

6.6.7 Change in the extent of water-related ecosystems over time

6.a.1T Amount of water- and sanitation-related official development assistance that is part of a government-coordinated spending plan

7.2.1 Renewable energy share in the total final energy consumption

8.4.2 Domestic material consumption, domestic material consumption per capita, and domestic material consumption per GDP

9.1.2 Passenger and freight volumes, by mode of transport

9.4.1 CO, emission per unit of value added

12.1.7 Number of countries developing, adopting or implementing policy instruments aimed at supporting the shift to sustainable consumption and
production.

12.4.2 (a) Hazardous waste generated per capita; and (b) proportion of hazardous waste treated, by type of treatment

12.5.1 National recycling rate, tons of material recycled

12.7.71 Degree of sustainable public procurement policies and action plan implementation

12.8.1 Extent to which (i) global citizenship education and (i) education for sustainable development are mainstreamed in (a) national education policies;
180 (b) curricula; (c) teacher education; and (d) student assessment.
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12.a.1 Installed renewable energy-generating capacity in developing countries (in watts per capita)

12.c.17 Amount of fossil-fuel subsidies (production and consumption) per unit of GDP

13.a.1 Amounts provided and mobilized in United States dollars per year in relation to the continued existing collective mobilization goal of the $100
billion commitment through to 2025

13.b.7 Number of least developed countries and small island developing States with nationally determined contributions, long-terms strategies, national
adaptation plans and adaptation communications, as reported to the secretariat of the United Nations Framework Convention on Climate Change.

14.2.1 Number of countries using ecosystem-based approaches to managing marine areas

14.5.1 Coverage of protected areas in relation to marine areas

14.6.1 Degree of implementation of international instruments aiming to combat illegal, unreported and unregular fishing

14.a.1 Proportion of total research budget allocated to research in the field of marine technology

14.c.T Number of countries making progress in ratifying UN Convention of the law of the sea

State of human well-being indicators related to marine-related ecosystems

1.1.7 Proportion of population below the international poverty line, by sex, age, employment status, and geographical location (urban/rural)

1.2.71 Proportion of population living below the national poverty line, by sex and age.

1.2.2 Proportion of men, women and children of all ages living in poverty in all its dimensions according to national definitions

2.3.2 Average income of small-scale food producers

8.5.2 Unemployment rate, by sex, age and persons with disabilities

8.6.1 Proportion of youth (aged 15-24 years) not in education, employment or training

10.1.7 Growth rates of household expenditure or income per capita among the bottom 40 per cent of the population and the total population.

10.2.1 Proportion of people living below 50 per cent of median income, by sex, age and persons with disabilities

14.7.1 Sustainable fisheries as a proportion of GDP
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Annex D.4 Indicators with available data for marine-related ecosystems for Global and Sri Lanka

Marine-related ecosystems indicators with available data, global level

1.1.17 Employed population below international poverty line (%)

2.1.1 Prevalence of undernourishment (%)

6.1.1 Proportion of population using safely managed drinking water services (%)

6.1.1 Proportion of population using basic drinking water services (%)

6.2.1 Proportion of population using basic sanitation services (%)

6.2.1 Proportion of population practicing open defecation (%)

6.2.1 Proportion of population using safely managed sanitation services (%)

6.6.1 Lakes and rivers permanent water area (% of total land area)

6.6.1 Lakes and rivers seasonal water area (% of total land area)

6.6.1 Reservoir minimum water area (% of total land area)

6.6.1 Reservoir maximum water area (% of total land area)

7.1.1 Proportion of population with access to electricity (%)

7.2.1 Renewable energy share in the total final energy consumption (%)

7.3.1 Energy intensity level of primary energy (megajoules per constant 2017 PPP)

8.4.2 Domestic material consumption per unit of GDP (kilograms per constant 2015 USD)

8.5.2 Unemployment rate (%)
9.4.1 Carbon dioxide emissions per unit of GDP PPP (kilograms of CO, per constant 2017 USD)
12.a.1 Installed renewable electricity-generating capacity (watts per capita)

12.4.2 Electronic waste generated, per capita (KG)

14.1.1 Chlorophyll-a deviations, remote sensing (%)

14.5.1 Coverage protected areas in relation to marine areas

14.5.1 Protected marine areas (square kilometers)

15.1.2 Average proportion of marine KBAs covered (%)
15.5.1 Red List Index
Urban population as a percentage of total population

GNI per capita, Atlas method (current USD)

Completion rate of upper secondary education (%)
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Marine-related ecosystems indicators with available data, Sri Lanka

1.1.7 Employed population below international poverty line (%)

6.1.1 Proportion of population using basic drinking water services (%)

6.2.1 Proportion of population using basic sanitation services (%)

6.4.2 Level of water stress: freshwater withdrawal as a proportion of available freshwater resources

6.6.1 Lakes and rivers permanent water area (% of total land area)

6.6.1 Lakes and rivers seasonal water area (% of total land area)

6.6.1 Reservoir minimum water area (% of total land area)

6.6.1 Reservoir maximum water area (% of total land area)

7.1.1 Proportion of population with access to electricity (%)

7.2.1 Renewable energy share in the total final energy consumption (%)

7.3.1 Energy intensity level of primary energy (megajoules per constant 2017 PPP)

8.4.2 Domestic material consumption per unit of GDP (kilograms per constant 2015 USD)
9.4.1 Carbon dioxide emissions per unit of GDP PPP (kilograms of CO, per constant 2017 USD)
9.4.1 Carbon dioxide emissions from fuel consumption (millions of tonnes)

14.1.1 Chlorophyll-a deviations, remote sensing (%)

15.1.2 Average proportion of marine KBAs covered (%)
15.5.1 Red List Index
Urban population as a percentage of total population

GNI per capita, Atlas method (current USD)
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Annex E. Potential synergies identified as part of the
statistical analysis

Annex E.1 Identified synergies between the drivers of change and the state of freshwater-related ecosystems and
identified synergies between the state of freshwater-related ecosystems and the state of the human
well-being

Note: Potential synergies are highlighted in blue.

State of Freshwater-related Ecosystems

6.6.1 Change in the
extent of water-
related ecosystems
over time

. 6.3.2 Proportion
Synergies Freshwater-related Ecosystems of bodies of water

with good ambient
water quality

1.4.1 Proportion of the population living in households with access to basic services

2.4.1 Proportion of agricultural area under productive and sustainable agriculture

6.2.1 Proportion of population using (a) safely managed sanitation services and (b) a hand-washing
facility with soap and water

6.3.1 Proportion of domestic and industrial wastewater flows safely treated

6.4.7 Change in water-use efficiency over time

6.4.2 Level of water stress: freshwater withdrawal as a proportion of available freshwater resources

6.5.1 Degree of integrated water resources management

6.5.2 Proportion of transboundary basin area with an operational arrangement for water
cooperation

Drivers of change

6.a.17 Amount of water- and sanitation-related official development assistance that is part of a
government-coordinated spending plan

6.b.1 Proportion of local administrative units with established and operational policies and
procedures for participation of local communities in water and sanitation management

7.2.1 Renewable energy share in the total final energy consumption

8.4.1 Material footprint, material footprint per capita, and material footprint per GDP




Drivers of change

8.4.2 Domestic material consumption, domestic material consumption per capita, and domestic
material consumption per GDP

6.3.2 Proportion
of bodies of water
with good ambient
water quality

9.1.2 Passenger and freight volumes, by mode of transport

11.1.7 Proportion of urban population living in slums, informal settlements, or inadequate housing

11.3.2 Proportion of cities with a direct participation structure of civil society in urban planning and
management that operate regularly and democratically

11.5.3 (a) Damage to critical infrastructure and (b) number of disruptors to basic services,
attributed to disasters

11.6.1 Proportion of municipal solid waste collected and managed in controlled facilities out of
total municipal waste generated, by cities

12.1.7 Number of countries developing, adopting or implementing policy instruments aimed at
supporting the shift to sustainable consumption and production.

12.4.2 (a) Hazardous waste generated per capita; and (b) proportion of hazardous waste treated, by

type of treatment

12.5.1 National recycling rate, tons of material recycled

12.7.1 Degree of sustainable public procurement policies and action plan implementation

15.1.2 Proportion of important sites for terrestrial and freshwater biodiversity that are covered by
protected areas, by ecosystem type

15.2.1 Forest area certified under an independently verified certification scheme (thousands of
hectares)

15.4.1 Coverage by protected areas of important sites for mountain biodiversity
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6.6.1 Change in the
extent of water-
related ecosystems
over time

185



Measuring progress: Water-related ecosystems and the SDGs

State of Freshwater-related Ecosystems

6.6.1 Change in the
extent of water-

related ecosystems
over time

6.3.2 Proportion
of bodies of water
with good ambient
water quality

Synergies Freshwater-related Ecosystems

1.1.71 Proportion of population below the international poverty line, by sex, age, employment status
and geographical location (urban/rural)

1.2.1 Proportion of population living below the national poverty line, by sex and age.

1.2.2 Proportion of men, women and children of all ages living in poverty in all its dimensions
according to national definitions

1.5.1 Number of deaths, missing persons and directly affected persons attributed to disasters per
100,000 population

1.5.2 Direct economic loss attributed to disasters in relation to global gross domestic product (GDP)

2.1.1 Prevalence of undernourishment (%)

2.1.2 Prevalence of moderate or severe food insecurity in the population, based on the Food
Insecurity Experience Scale (FIES)

2.2.1 Prevalence of stunting (height for age <-2 standard deviation from the median of the WHO
Child Growth Standards) among children under 5 years of age, by type

2.2.2 Prevalence of malnutrition (weight for height >+2 or <-2 standard deviation from the median
of the WHO Child Growth Standards) among children under 5 years of age, by type (wasting and
overweight)

2.3.2 Average income of small-scale food producers

3.9.2 Mortality rate attributed to unsafe water, unsafe sanitation and lack of hygiene

4.a.1 Proportion of schools with access to (a) electricity; (b) the internet for pedagogical purposes;
(c) computers for pedagogical purposes; (d) adapted infrastructure and materials for students
with disabilities; (e) basic drinking water; (f) single-sex basic sanitation facilities; and (g) basic
handwashing facilities (as per the WASH indicator definitions).

State of human well-being

6.1.1 Proportion of population using safely managed drinking water services

8.5.2 Unemployment rate, by sex, age and persons with disabilities

10.1.7 Growth rates of household expenditure or income per capita among the bottom 40 per cent
of the population and the total population

10.2.1 Proportion of people living below 50 per cent of median income, by sex, age and persons
with disabilities

11.5.17 Number of deaths, missing persons and directly affected persons attributed to disasters per
100,000 population

11.5.2 Direct economic loss attributed to disasters in relation to global gross domestic product (GDP)

13.1.1 Number of deaths, missing persons and directly affected persons attributed to disasters per
100,000 population
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Annex E.2 Identified synergies between the drivers of change and the state of marine-related ecosystems, and
identified synergies between the state of marine-related ecosystems and the state of the human well-
being

Synergies Marine-related Ecosystems

Drivers of change

6.3.1 Proportion of domestic and industrial wastewater flows safely treated

6.4.2 Level of water stress: freshwater withdrawal as a proportion of available
freshwater resources

6.6.1 Change in the extent of water-related ecosystems over time

6.a.1 Amount of water- and sanitation-related official development assistance that is
part of a government-coordinated spending plan

7.2.1 Renewable energy share in the total final energy consumption

8.4.2 Domestic material consumption, domestic material consumption per capita, and
domestic material consumption per GDP

9.1.2 Passenger and freight volumes, by mode of transport

9.4.1 CO, emission per unit of value added

12.1.7 Number of countries developing, adopting or implementing policy instruments
aimed at supporting the shift to sustainable consumption and production.

12.4.2 (a) Hazardous waste generated per capita; and (b) proportion of hazardous
waste treated, by type of treatment

12.5.1 National recycling rate, tons of material recycled

12.7.1 Degree of sustainable public procurement policies and action plan
implementation

12.8.1 Extent to which (i) global citizenship education and (i) education for
sustainable development are mainstreamed in (a) national education policies; (b)
curricula; (c) teacher education; and (d) student assessment.

12.a.1 Installed renewable energy-generating capacity in developing countries (in
watts per capita)

14.1.1 (a) Index
of coastal
eutrophication;
and (b) plastic
debris density

State of Marine-related Ecosystems

14.2.1 Average
marine acidity
(pH) measured
at the agreed
suite of
representative
sampling
stations

14.3.1
Proportion
of fish
stocks within
biologically
sustainable
levels

12.c.17 Amount of fossil-fuel subsidies (production and consumption) per unit of GDP
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Synergies Marine-related Ecosystems

Drivers of change

14.1.1 (a) Index
of coastal
eutrophication;
and (b) plastic
debris density

13.a.17 Amounts provided and mobilized in United States dollars per year in relation
to the continued existing collective mobilization goal of the $100 billion commitment
through to 2025

13.b.17 Number of least developed countries and small island developing States with
nationally determined contributions, long-terms strategies, national adaptation plans
and adaptation communications, as reported to the secretariat of the United Nations
Framework Convention on Climate Change

14.2.1 Number of countries using ecosystem-based approaches to managing marine
areas

State of Marine-related Ecosystems

14.2.1 Average
marine acidity
(pH) measured
at the agreed
suite of
representative
sampling
stations

14.3.1
Proportion
of fish
stocks within
biologically
sustainable
levels

14.5.1 Coverage protected areas in relation to marine areas

14.6.1 Degree of implementation of international instruments aiming to combat illegal,
unreported and unregular fishing

14.a.1 Proportion of total research budget allocated to research in the field of marine
technology

14.c.T Number of countries making progress in ratifying UN Convention of the law of
the sea
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State of Marine-related Ecosystems

14.1.1 (@) Index | 14.2.1 Average 14.3.1

of coastal marine acidity Proportion
. . eutrophication; (pH) measured of fish
Synergies Marine-related Ecosystems and (b) plastic at the agreed stocks within
debris density suite of biologically

State of human well-being

representative sustainable
sampling levels
stations

1.1.71 Proportion of population below the international poverty line, by sex, age,
employment status, and geographical location (urban/rural)

1.2.1 Proportion of population living below the national poverty line, by sex and age.

1.2.2 Proportion of men, women and children of all ages living in poverty in all its
dimensions according to national definitions

2.3.2 Average income of small-scale food producers

8.5.2 Unemployment rate, by sex, age and persons with disabilities

8.6.1 Proportion of youth (aged 15-24 years) not in education, employment or training

10.1.7 Growth rates of household expenditure or income per capita among the bottom
40 per cent of the population and the total population.

10.2.1 Proportion of people living below 50 per cent of median income, by sex, age
and persons with disabilities

14.7.1 Sustainable fisheries as a proportion of GDP
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Measuring progress: Water-related ecosystems and the SDGs

Annex F. Instrumental models

Annex F.1 Instrumental statistical models for the state of freshwater-related ecosystems at global level

LAKES AND RIVERS SEASONAL WATER AREA

Type Description M01 | MO2 | MO3 | M04 | MO5 | MO6 | MO7 | M08 | M09 | M10
Proportion of population using basic drinking water services 0.72 |0.67 0.68
o Electronic waste generated, per capita -2.32 |-297 |-871 [-1.6 [-3.96 |-4.47 |-492
% Average proportion of freshwater KBAs covered 0.9 0.62 1.69
;"::3 Average proportion of terrestrial KBAs covered 1.28 0.85
8 Average proportion of mountain KBAs covered 179 |1.65 1.14
_§ Renewable energy share in the total final energy consumption
e Material footprint per unit of GDP -0.27
Domestic material consumption per unit of GDP -0.28
Manufacturing value added as a proportion of GDP -0.22 |-0.24
o g Red List Index -2.26 |-2.54 | -2.78
S g Carbon dioxide emissions per unit of GDP PPP -0.83
g s GNI per capita, Atlas method -1.59
§ é Completion rate of upper secondary education
8 5 Installed renewable electricity-generating capacity
§ E Proportion of population with access to electricity
@ Energy intensity level of primary energy
Urban population as percentage of total population 418 |[4.46 |4.62
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Divers of change

Description

Proportion of population using basic drinking water
services

Electronic waste generated, per capita

-4.23

Average proportion of freshwater KBAs covered

2.19

1.59

1.68

1.86

1.88

1.57

1.72

Average proportion of terrestrial KBAs covered

1.9

1.87

Average proportion of mountain KBAs covered

1.82

1.78

Renewable energy share in the total final energy
consumption

0.27

Material footprint per unit of GDP

-0.19

Domestic material consumption per unit of GDP

-0.2

Socioeconomic and
environmental factors

Manufacturing value added as a proportion of GDP

-0.31

-0.26

Red List Index

-2.45

-0.74

Carbon dioxide emissions per unit of GDP PPP

-0.44

GNI per capita, Atlas method

=1.51

=111

11

-1.02

-1.01

=1.89

=1.8

-1.74

-1.83

-1.34

-1.46

Completion rate of upper secondary education

0.65

Installed renewable electricity-generating capacity

0.7

Proportion of population with access to electricity

0.57

Energy intensity level of primary energy

-0.53

Urban population as percentage of total population

4.93
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LAKES AND RIVERS SEASONAL WATER AREA

T s Mo mERSsexsouAL waTeRARER

Divers of change

Proportion of population using basic drinking water services

Electronic waste generated, per capita

Average proportion of freshwater KBAs covered

1.52

Average proportion of terrestrial KBAs covered

1.97

2.09

1.99

213

1.89

Average proportion of mountain KBAs covered

Renewable energy share in the total final energy consumption

Material footprint per unit of GDP

-0.24

-0.3

-0.3

-0.17

-0.19

-0.27

Domestic material consumption per unit of GDP

Socioeconomic and
environmental factors

Manufacturing value added as a proportion of GDP

-0.23

-0.27

-0.27

-0.26

-0.29

Red List Index

-0.47

-0.71

Carbon dioxide emissions per unit of GDP PPP

-0.27

GNI per capita, Atlas method

-1.65

-1.68

-1.58

-1.6

-1.67

-1.72

Completion rate of upper secondary education

0.69

Installed renewable electricity-generating capacity

0.68

Proportion of population with access to electricity

0.39

0.69

Energy intensity level of primary energy

-0.67

Urban population as percentage of total population

0.9

0.57

0.73




Divers of change

Proportion of population using basic drinking water services

LAKES AND RIVERS SEASONAL WATER AREA

o Mo AERS sexsouAL waTeRAREA
e Tossmmion wss L Juss o [wio Lwer luaz Jwas waa [wss Luae_

0.83

0.79

Electronic waste generated, per capita

Average proportion of freshwater KBAs covered

0.84

0.81

Average proportion of terrestrial KBAs covered

Average proportion of mountain KBAs covered

Renewable energy share in the total final energy consumption

Material footprint per unit of GDP

-0.21

-0.29

Domestic material consumption per unit of GDP

-0.25

-0.3

-0.31

-0.18

-0.2

-0.27

-0.41

Socioeconomic and
environmental factors

Manufacturing value added as a proportion of GDP

-0.25

-0.29

-0.28

-0.27

-0.3

-0.22

-0.2

Red List Index

-0.67

Carbon dioxide emissions per unit of GDP PPP

GNI per capita, Atlas method

0.69

Completion rate of upper secondary education

0.64

Installed renewable electricity-generating capacity

0.63

Proportion of population with access to electricity

0.66

Energy intensity level of primary energy

-0.63

Urban population as percentage of total population

0.69
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LAKES AND RIVERS SEASONAL WATER AREA

S s o avers sensona waresres
e Jossamion Jwar Lwas [wss Jwso lust [wsz |wss |wss [wss o

Proportion of population using basic drinking water services

° Electronic waste generated, per capita -2.84
g Average proportion of freshwater KBAs covered 0.45 1.84
S Average proportion of terrestrial KBAs covered 0.84 0.81 0.45 2.47
[T
g Average proportion of mountain KBAs covered 0.85 0.81
.02) Renewable energy share in the total final energy consumption
e Material footprint per unit of GDP -0.3 -0.3 855
Domestic material consumption per unit of GDP 0.8 -0.3 =371

Manufacturing value added as a proportion of GDP
Red List Index

Carbon dioxide emissions per unit of GDP PPP -0.38 087
GNI per capita, Atlas method 11115 -1.76
Completion rate of upper secondary education

Installed renewable electricity-generating capacity

Proportion of population with access to electricity

Socioeconomic and
environmental factors

Energy intensity level of primary energy

Urban population as percentage of total population 3.66

194

w
M
T



LAKES AND RIVERS SEASONAL WATER AREA

Description Average

Type

M57 | M58 | M59 | M60 | Mé61 M62 | M63 | M64 | M65 m Mé67

Impact

Proportion of population using basic drinking
water services
o Electronic waste generated, per capita
g Average proportion of freshwater KBAs covered
§ Average proportion of terrestrial KBAs covered
3 Average proportion of mountain KBAs covered 2.36
.g Renewable energy share in the total final energy 0.43 0.35
Q | consumption
Material footprint per unit of GDP 017 [-022 [-0238 |-021 [-037 ES
Domestic material consumption per unit of GDP -0.2 -0.22 |02 -0.37
Manufacturing value added as a proportion of -0.57 -0.27
GDP
Red List Index -0.82
@ — - :
o § Carbon dioxide emissions per unit of GDP PPP
S 5 | GNI per capita, Atlas method 164 0.85 08
e . .
g g Completion rate of upper secondary education 0.81 0.77
S @ | Installed renewable electricity-generating capac- 0.8 0.76 0.71
@ g ity
RS
8 .= | Proportion of population with access to 0.58
® g | electricity
Energy intensity level of primary energy
Urban population as percentage of total 0.83 0.8 2.4
population
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LAKES AND RIVERS PERMANENT WATER AREA _

Type Description MO1 MO02 MO03 M04 Average Impact

Proportion of population using basic drinking water services

Electronic waste generated, per capita

Renewable energy share in the total final energy consumption

Q

g Average proportion of freshwater KBAs covered 2.93 2.39 66
S Average proportion of terrestrial KBAs covered 2.56 6
N

8 Average proportion of mountain KBAs covered 2.1

]

=

a

Material footprint per unit of GDP 0.24 0.24
Domestic material consumption per unit of GDP

Manufacturing value added as a proportion of GDP
Red List Index

Carbon dioxide emissions per unit of GDP PPP

GNI per capita, Atlas method -2.64 -2.01 -2.18 -1.72 4
Completion rate of upper secondary education

Installed renewable electricity-generating capacity

Proportion of population with access to electricity

Socioeconomic and
environmental factors

Energy intensity level of primary energy

Urban population as percentage of total population
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RESERVOIR MAXIMUM WATER AREA

T o o watee e
e Jowomen e w2 [wes woe | uos wos [uor wos [wos o

Proportion of population using basic drinking water services -0.88 | -1.33 -0.63 | -0.82

Electronic waste generated, per capita -1.07 | -1.86

Average proportion of freshwater KBAs covered 2.89 117
Average proportion of terrestrial KBAs covered 3.26 3.23 1.74 | 3.34 1.34
Average proportion of mountain KBAs covered 8.57 3.84 3.79

Renewable energy share in the total final energy consumption
Material footprint per unit of GDP 0.24
Domestic material consumption per unit of GDP

Divers of change

Manufacturing value added as a proportion of GDP -0.26
Red List Index

Carbon dioxide emissions per unit of GDP PPP
GNI per capita, Atlas method -1.89 |-1.77 |-1.64 |-1.46 |-2.41 |-1.35 [-1.87 |-1.75

Completion rate of upper secondary education

Installed renewable electricity-generating capacity

Proportion of population with access to electricity

Socioeconomic and
environmental factors

Energy intensity level of primary energy

Urban population as percentage of total population -0.96 |-1.55
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RESERVOIR MAXIMUM WATER AREA

Divers of change

Proportion of population using basic drinking water
services

-1.01

4

Electronic waste generated, per capita

-0.83

-1.19

-1.68

Average proportion of freshwater KBAs covered

1.4

0.39

1.27

2.36

Average proportion of terrestrial KBAs covered

1.73

0.35

2.36

Average proportion of mountain KBAs covered

1.52

222

0.34

1.68

Average
Impact

Renewable energy share in the total final energy
consumption

Material footprint per unit of GDP

Domestic material consumption per unit of GDP

Socioeconomic and
environmental factors

Manufacturing value added as a proportion of GDP

-0.32

-0.35

-0.36

Red List Index

Carbon dioxide emissions per unit of GDP PPP

GNI per capita, Atlas method

-1.79

Completion rate of upper secondary education

Installed renewable electricity-generating capacity

Proportion of population with access to electricity

Energy intensity level of primary energy

Urban population as percentage of total population

-0.72

-1.16




Divers of change

Description

Proportion of population using
basic drinking water services

-0.81

-1.24

Electronic waste generated, per
capita

-1.6

-1.42

Average proportion of freshwater
KBAs covered

295

0.37

2.34

Average proportion of terrestrial
KBAs covered

3.16

&2

0.33

2488

Average proportion of mountain
KBAs covered

3.47

3.56

3.56

1.95

0.32

Renewable energy share in the total
final energy consumption

Material footprint per unit of GDP

0.28

0.29

Domestic material consumption
per unit of GDP

Socioeconomic and environmental factors

Manufacturing value added as a
proportion of GDP

-0.32

-0.35

-0.36

Red List Index

Average
Impact

Carbon dioxide emissions per unit
of GDP PPP

GNI per capita, Atlas method

-1.88

-1.77

-1.46

-2.77

-1.72

-1.78

-1.79

Completion rate of upper
secondary education

Installed renewable electricity-
generating capacity

Proportion of population with
access to electricity

Energy intensity level of primary
energy

Urban population as percentage of
total population

=187
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Measuring progress: Water-related ecosystems and the SDGs

Annex F.2 Instrumental statistical models for the state of the freshwater-related ecosystems’ impact on the state

of human well-being at global level

EMPLOYED POPULATION BELOW INTERNATIONAL POVERTY LINE

Type

State of
ecosystem

Description

Lakes and rivers permanent water area

MO1

Mo02

-0.05

M03

Lakes and rivers seasonal water area

-0.27

Reservoir minimum water area

-0.05

-0.21

Reservoir maximum water area

-0.21

Average
Impact
0.0

Socioeconomic and
environmental factors

Manufacturing value added as a proportion of GDP

Red List Index

-0.46

-0.45

Carbon dioxide emissions per unit of GDP PPP

GNI per capita, Atlas method

Completion rate of upper secondary education

-1.41

-1.42

Installed renewable electricity-generating capacity

Proportion of population with access to electricity

Energy intensity level of primary energy

Urban population as percentage of total population

UNEMPLOYMENT RATE _

Lakes and rivers permanent water area

Energy intensity level of primary energy

:g Ei Lakes and rivers seasonal water area -1.08
g g Reservoir minimum water area -1.01

o Reservoir maximum water area -1.03

Manufacturing value added as a proportion of GDP -0.56 -0.6 -0.52

s Red List Index
S *8 Carbon dioxide emissions per unit of GDP PPP
g % GNI per capita, Atlas method
g % Completion rate of upper secondary education
§ g Installed renewable electricity-generating capacity
8= Proportion of population with access to electricity
n c

(]

Urban population as percentage of total population




Annex

PROPORTION OF CHILDREN MODERATELY OR SEVERELY OVERWEIGHT _

Type | Description MO1 MO02 MO03 M04 MO05
o E Lakes and rivers permanent water area 0.82
; *z Lakes and rivers seasonal water area 1.37 0.97
g § Reservoir minimum water area 0.86
@ | Reservoir maximum water area 0.82
Manufacturing value added as a proportion of GDP
Red List Index 2.56 2.43 2.28 2.6 0.77
Carbon dioxide emissions per unit of GDP PPP 2.5 -2.04 -1.98 -1.61

Socioeconomic and
environmental factors

GNI per capita, Atlas method

Average
Impact

0.82
1.17
0.86
0.82

Completion rate of upper secondary education

Installed renewable electricity-generating capacity

Proportion of population with access to electricity

Energy intensity level of primary energy

Urban population as percentage of total population

<
S
o

Lakes and rivers permanent water area

Socioeconomic and
environmental factors

PROPORTION OF CHILDREN MODERATELY OR
SEVERELY STUNTED

GNI per capita, Atlas method

:g Ei Lakes and rivers seasonal water area -0.23 0
L9 Reservoir minimum water area -0.16 0.16
@ S Reservoir maximum water area -0.16 0.16

Manufacturing value added as a proportion of GDP

Red List Index

Carbon dioxide emissions per unit of GDP PPP 0.93 0.93 0.84 0.9

Completion rate of upper secondary education

Installed renewable electricity-generating capacity

Proportion of population with access to electricity

Energy intensity level of primary energy

Urban population as percentage of total population

£
%

&

v
s
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Measuring progress: Water-related ecosystems and the SDGs

PREVALENCE OF UNDERNOURISHMENT

Description

Average
Impact

Urban population as percentage of total population

£ Lakes and rivers permanent water area -0.18 -0.18
[T
g % Lakes and rivers seasonal water area -0.42 -0.47 -0.44
>
g & | Reservoir minimum water area -0.22 -0.35 -0.25 -0.27
o
@ | Reservoir maximum water area -0.23 -0.37 -0.26 -0.29
Manufacturing value added as a proportion of GDP |
o | Red List Index -1.79 -1.79 -1.91 -2.54 -2.01
'c 15
S % Carbon dioxide emissions per unit of GDP PPP 0.7 0.69 0.54 0.64
E “E GNI per capita, Atlas method
©
2 ‘q;':; Completion rate of upper secondary education
o
§ E Installed renewable electricity-generating capacity 2.5 -2.54 2.71 Seh
'g .g Proportion of population with access to electricity |
*S Energy intensity level of primary energy 0.79 0.77 P




Annex F.3 Instrumental statistical models for the state of freshwater-related ecosystems, Colombia

LAKES AND RIVERS PERMANENT WATER AREA _
e ossoion o Jwe ws

Proportion of population using basic drinking water services

Average proportion of freshwater KBAs covered

Energy intensity level of primary energy

Urban population as percentage of total population

~§ Average proportion of terrestrial KBAs covered 1.5
? Average proportion of mountain KBAs covered 1.5
§ Water-use efficiency 1.15
8 Level of water stress: freshwater withdrawal as a proportion of =1.73
:<§ available freshwater resources
@ Renewable energy share in the total final energy consumption
Domestic material consumption per unit of GDP
o s Manufacturing value added as a proportion of GDP 1.5 1.49
g é ” Red List Index
§ § S | Carbon dioxide emissions per unit of GDP PPP
3 = § GNI per capita, Atlas method 1.31 1.88
<
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Measuring progress: Water-related ecosystems and the SDGs

LAKES AND RIVERS SEASONAL WATER AREA _

Description Average Impact

Proportion of population using basic drinking water services -0.4 -0.72 -0.68 -1.16 -0.74
Average proportion of freshwater KBAs covered 1.24 1.24
Average proportion of terrestrial KBAs covered 1.51 1.51
Average proportion of mountain KBAs covered 1.48 1.48

Water-use efficiency

Level of water stress: freshwater withdrawal as a proportion of
available freshwater resources

State of ecosystem

Renewable energy share in the total final energy consumption

Domestic material consumption per unit of GDP

Manufacturing value added as a proportion of GDP

Red List Index 105

Carbon dioxide emissions per unit of GDP PPP

GNI per capita, Atlas method

Energy intensity level of primary energy

Socioeconomic
and environmental
factors

Urban population as percentage of total population

| RESERVORMAXIMUMWATER AREA

Description MO1 Average Impact

Proportion of population using basic drinking water services

Average proportion of freshwater KBAs covered

Average proportion of terrestrial KBAs covered

Average proportion of mountain KBAs covered

Water-use efficiency

Level of water stress: freshwater withdrawal as a proportion of available freshwater resources

State of ecosystem

Renewable energy share in the total final energy consumption 0.4

Domestic material consumption per unit of GDP

Manufacturing value added as a proportion of GDP
Red List Index
Carbon dioxide emissions per unit of GDP PPP

GNI per capita, Atlas method

Socioeconomic
and environmental
factors

Energy intensity level of primary energy -0.32

1

Urban population as percentage of total population




RESERVOIR MINIMUM WATER AREA

Type | Description

Divers of change

Proportion of population using
basic drinking water services

0.7

MO02 | MO3 | M04 | MO5 | M06 | MO7

0.39

0.6

0.81

0.92

M08 | M09 | M10 | M11

0.48

M12 | M13 | M14 | M15 | M16 | M17

Average proportion of
freshwater KBAs covered

0.22

0.22

0.36

Average proportion of
terrestrial KBAs covered

Average proportion of
mountain KBAs covered

0.24

0.22

0.4

Water-use efficiency

0.38

Level of water stress:
freshwater withdrawal as
a proportion of available
freshwater resources

-0.47

-0.85

-0.34

-0.36

-1.06

-0.78

Renewable energy share in the
total final energy consumption

0.17

0.28

Domestic material
consumption per unit of GDP

-0.34

-0.45

-0.83

Socioeconomic and
environmental factors

Manufacturing value added as
a proportion of GDP

0.29

0.3

Average
Impact

0.65

0.27

0.29

0.38
-0.64

0.21

-0.54

0.3

Red List Index

-0.83

-0.95

-1.65

-1.14

Carbon dioxide emissions per
unit of GDP PPP

-0.38

-0.36

-0.37

GNI per capita, Atlas method

Energy intensity level of
primary energy

-0.13

-0.26

-0.24

-0.14

-0.23

-0.19

-0.36

Urban population as
percentage of total population
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Annex F.4 Instrumental statistical models for the state of the freshwater-related ecosystems’ impact on the state
of human well-being, Colombia

PROPORTION OF POPULATION USING SAFELY MANAGED DRINKING WATER SERVICES -

Type | Description MO1 M02 MO03 M07 10 Average
Impact

Lakes and rivers permanent water area |
g Lakes and rivers seasonal water area 0.43 0.44 0.6 0.36 0.46
% Reservoir minimum water area 0.48 0.25 0.2 0.43 0.34
§ Reservoir maximum water area 0.28 0.54 0.56 0.46
© Manufacturing value added as a proportion of GDP
£ | Red ListIndex 073 07 0.72
@ Carbon dioxide emissions per unit of GDP PPP -0.39 -0.54 -0.47
GNI per capita, Atlas method 0.5 0.44 0.52 0.49
Energy intensity level of primary energy -0.34 -0.34
- g Urban population as percentage of total population 0.76 0.76
& 5 | Carbon dioxide emissions per unit of GDP PPP
'E “(_‘i GNI per capita, Atlas method -1.88 -1.77 -1.46 2.5 -2.77 -1.72 -1.78 96
5 % Completion rate of upper secondary education
§ g Installed renewable electricity-generating capacity
;g) ‘E Proportion of population with access to electricity
@ | Energy intensity level of primary energy
Urban population as percentage of total population =1.87
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Annex E:‘::s
Annex F.5 Instrumental statistical models for the state of freshwater-related ecosystems, Mongolia
ks momvsrowa e |
Type | Description MO1 MO02 MO03 M04 MO05 M07 Average
Impact
Proportion of population using basic drinking water services 0.57 0.95 0.76

Average proportion of freshwater KBAs covered

Average proportion of terrestrial KBAs covered

Average proportion of mountain KBAs covered

Water-use efficiency 0.55

Level of water stress: freshwater withdrawal as a proportion of
available freshwater resources

Renewable energy share in the total final energy consumption 0.76 0.87 0.8 0.66 0.36 0.61 0.95 0.72
Domestic material consumption per unit of GDP -0.54 -0.69 -0.56 -0.68 -0.62
Manufacturing value added as a proportion of GDP
Red List Index -0.6
Carbon dioxide emissions per unit of GDP PPP
GNI per capita, Atlas method 1.19 1.19
Energy intensity level of primary energy

Drivers of change

Socioeconomic
and environmental
factors

Urban population as percentage of total population 0.89 0.89

207
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LAKES AND RIVERS SEASONAL WATER AREA -

Description Average
Impact

Proportion of population using basic drinking water 1.04 1.3

services

g Average proportion of freshwater KBAs covered
j::v Average proportion of terrestrial KBAs covered
..; Average proportion of mountain KBAs covered
o Water-use efficiency 0.9 0.9
E Level of water stress: freshwater withdrawal as a
o proportion of available freshwater resources
Renewable energy share in the total final energy 0.88 0.98 0.94 0.6 0.57 0.81 0.84 0.5
consumption
- 2 Domestic material consumption per unit of GDP -0.38 -0.65 -0.41 -0.64 -0.66
& % Manufacturing value added as a proportion of GDP
E “‘_‘E Red List Index -1.08 -1.33
5% Carbon dioxide emissions per unit of GDP PPP -0.52
g E GNI per capita, Atlas method
§ E Energy intensity level of primary energy -0.47 0.4
@ | Urban population as percentage of total population 0.96 0.96
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Drivers of change

Description

Proportion of population using basic drinking water services

0.51

0.43

Average proportion of freshwater KBAs covered

0.52

0.33

Average proportion of terrestrial KBAs covered

0.56

0.64

Average proportion of mountain KBAs covered

0.57

Water-use efficiency

0.99

0.67

Level of water stress: freshwater withdrawal as a proportion of
available freshwater resources

-0.21

-0.18

Renewable energy share in the total final energy consumption

0.41

Domestic material consumption per unit of GDP

-0.31

-0.36

-0.21

-0.41

-0.27

-0.69

Socioeconomic

and environmental

factors

Manufacturing value added as a proportion of GDP

Red List Index

-0.53

Carbon dioxide emissions per unit of GDP PPP

-0.41

GNI per capita, Atlas method

Energy intensity level of primary energy

-0.28

-0.32

Urban population as percentage of total population

0.64
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mm
Impact

Drivers of change

Proportion of population using basic drinking water services

RESERVOIR MAXIMUM WATER AREA

Average proportion of freshwater KBAs covered

0.43

Average proportion of terrestrial KBAs covered

0.53

0.49

0.56

Average proportion of mountain KBAs covered

0.35

0.42

0.36

0.42

Water-use efficiency

0.58

0.75

Level of water stress: freshwater withdrawal as a proportion of
available freshwater resources

-0.26

-0.26

Renewable energy share in the total final energy
consumption

0.41

Domestic material consumption per unit of GDP

-0.68

-0.36

o
AN

Socioeconomic
and environmental

factors

Manufacturing value added as a proportion of GDP

0.29

I

Red List Index

Carbon dioxide emissions per unit of GDP PPP

-0.58

-0.58

GNI per capita, Atlas method

0.46

Energy intensity level of primary energy

-0.51

-0.54

Urban population as percentage of total population

0.42

0.58

0.32

0.74

0.54




Description

Drivers of change

Proportion of population using basic drinking water services

MO1
0.7

M02
0.6

Mo03

Mo04

RESERVOIR MINIMUM WATER AREA

MO05 m Mo07

M08
0.44

Average proportion of freshwater KBAs covered

Average proportion of terrestrial KBAs covered

0.44

Average proportion of mountain KBAs covered

0.23

0.21

0.25

0.36

Water-use efficiency

0.73

0.69

Level of water stress: freshwater withdrawal as a proportion
of available freshwater resources

-0.15

-0.36

-0.14

-0.12

-0.28

Renewable energy share in the total final energy consumption

Domestic material consumption per unit of GDP

-0.22

-0.1

-0.24

-0.22

-0.24

-0.17

Socioeconomic
and environmental

factors

Manufacturing value added as a proportion of GDP

Red List Index

-0.71

-0.62

Carbon dioxide emissions per unit of GDP PPP

-0.26

-0.56

GNI per capita, Atlas method

Energy intensity level of primary energy

Urban population as percentage of total population

RESERVOIR MINIMUM WATER AREA

Drivers of change

Proportion of population using basic drinking water services

0.48

Average proportion of freshwater KBAs covered

0.25

0.29

0.27

0.26

Average proportion of terrestrial KBAs covered

Average proportion of mountain KBAs covered

0.36

0.43

Water-use efficiency

Level of water stress: freshwater withdrawal as a proportion
of available freshwater resources

-0.27

-0.3

-0.15

-0.17

-0.32

Renewable energy share in the total final energy consumption

Domestic material consumption per unit of GDP

-0.44

-0.19

-0.48

-0.24

Socioeconomic
and environmental

factors

Manufacturing value added as a proportion of GDP

Red List Index

Carbon dioxide emissions per unit of GDP PPP

-0.41

-0.42

08

GNI per capita, Atlas method

0.69

0.49

Energy intensity level of primary energy

-0.22

-0.46

-0.35

Urban population as percentage of total population

0.36

0.42
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RESERVOIR MINIMUM WATER AREA

Description M21 M22 M23 M24 M25 M26 M27 M28 M29
Proportion of population using basic drinking water services

Average proportion of freshwater KBAs covered 0.24

Average proportion of terrestrial KBAs covered 0.5 0.36 0.38 0.33
Average proportion of mountain KBAs covered 0.44 0.35 0.34 0.4 0.35

Water-use efficiency

Level of water stress: freshwater withdrawal as a proportion
of available freshwater resources

Drivers of change

Renewable energy share in the total final energy consumption

Domestic material consumption per unit of GDP

o © Manufacturing value added as a proportion of GDP 0.18 0.16
E E | Red List index 05 |-053
§ 5 g Carbon dioxide emissions per unit of GDP PPP -0.31 -0.21 -0.4 035
§ E & | GNI per capita, Atlas method 0.54 0.36 0.42 0.35
3 ° Energy intensity level of primary energy -0.26 -0.37 -0.28 -0.18

© Urban population as percentage of total population 0.42 0.29 0.51 0.26

RESERVOIR MINIMUM WATER AREA

Proportion of population using basic drinking water services 0.65 0.84

Average proportion of freshwater KBAs covered 0.71

Average proportion of terrestrial KBAs covered
Average proportion of mountain KBAs covered 0.39 0.32 0.4 0.25 0.82
Water-use efficiency 0.78 0.87

Level of water stress: freshwater withdrawal as a proportion -0.22
of available freshwater resources

Drivers of change

Renewable energy share in the total final energy consumption

Domestic material consumption per unit of GDP -0.32 |[-0.35 -0.41 -0.25 [-0.13
o © Manufacturing value added as a proportion of GDP 0.18 0.19
= C
£ 2 | RedList Index
§ s ,§ Carbon dioxide emissions per unit of GDP PPP -0.59
=0
219 S 2 & | GNIper capita, Atlas method 0.4
== g2 ; : ;
7] 'E Energy intensity level of primary energy -0.37 | -0.31 -0.55
Sy, Urban population as percentage of total population 0.31

- =
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Description

Proportion of population using basic drinking water services

Drivers of change

M41

M42
0.88

M43
0.63

M44

0.67

Average proportion of freshwater KBAs covered

Average proportion of terrestrial KBAs covered

0.58

0.64

0.72

Average proportion of mountain KBAs covered

Water-use efficiency

Level of water stress: freshwater withdrawal as a proportion
of available freshwater resources

-0.53

Renewable energy share in the total final energy consumption

Domestic material consumption per unit of GDP

-0.67

Socioeconomic and

environmental

factors

Manufacturing value added as a proportion of GDP

0.14

Red List Index

Carbon dioxide emissions per unit of GDP PPP

-0.34

-0.68

-0.46

GNI per capita, Atlas method

0.69

Energy intensity level of primary energy

Urban population as percentage of total population

0.33
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RESERVOIR MINIMUM WATER AREA

Average proportion of mountain KBAs covered 0.37 |[0.51 |055 |06 0.43 0.4
Water-use efficiency 0.77

Description M62 | Average
Impact

Proportion of population using basic drinking 0.65

water services

Average proportion of freshwater KBAs covered

Average proportion of terrestrial KBAs covered 0.51
0.26

Level of water stress: freshwater withdrawal as a -0.18 |-0.38 | -0.23
proportion of available freshwater resources

Drivers of change

Renewable energy share in the total final energy
consumption

Domestic material consumption per unit of GDP -0.65 | -0.28 | -0.31
Manufacturing value added as a proportion of 0.44
2 GDP
g E | RedList Index -0.69 -0.86
S E g Carbon dioxide emissions per unit of GDP PPP -0.55 -0.71
8 2 8 | GNI per capita, Atlas method 0.52 0.6 0.8
§ E Energy intensity level of primary energy -0.5 -0.67
c?: Urban population as percentage of total 0.46 0.74
population
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Annex F.6 Instrumental statistical models for the state of the freshwater-related ecosystems’ impact on the state
of human well-being, Mongolia

PROPORTION OF POPULATION USING SAFELY MANAGED DRINKING WATER SERVICES

Description Mo01 | MO2 | MO3 | M04 | MO5 | M0O6 | MO7 | M08 w M11 | M12 | M13 | M14 | M15 | M16 | M17
Impact

Lakes -0.38 0.15 0.2 -1.21 0.67 [0.09 | 025 [ 029 [0.14 0.02
and rivers
permanent
water area

Lakes and 0.62 0.21 0.27 | 194 074 (011 | 033 | 037 |02
rivers seasonal
water area

Reservoir 0.79 | 0.73 -0.38 | 0.33
minimum water
area

Reservoir 0.3 0.34 |0.39

State of ecosystem

maximum
water area

Manufacturing 0.09 0.54 0.47
value added as
a proportion of
GDP

Red List Index 133 09 088

Carbon -0.72 -0.65
dioxide

emissions per

unit of GDP

PPP

GNI per 0.72 0.65 | 0.61 0.55 0.83

capita, Atlas
method

Energy -0.19 [-0.19 -0.68 -0.61 -0.42
intensity level
of primary
energy
0.61

Urban 0.61 0.62 | 0.6
population as
percentage
of total
population

Socioeconomic and environmental factors
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Annex F.7 Instrumental statistical models for the state of freshwater-related ecosystems, Poyang river, China

EMPLOYED POPULATION BELOW INTERNATIONAL
POVERTY LINE

Drivers of change

Description

Freight volume

Average Impact

Passenger traffic

Rail freight volume

Railway passenger traffic

Road freight volume

Road passenger traffic

-0.18

-0.18

Water freight volume

Waterway passenger traffic

-0.45

-0.31

Agricultural water consumption

Groundwater supply

Harmless treatment rate of domestic waste

0.23

0.23

Hazardous waste disposal volume

Hazardous waste generation

Hazardous waste storage

General industrial solid waste disposal volume

General industrial solid waste storage

Industrial water consumption

General industrial solid waste dumping amount

General industrial solid waste generation

Industrial wastewater discharge

-0.25

-0.26

-0.16

Surface water supply

Comprehensive utilization of hazardous waste

Comprehensive utilization of general industrial solid waste




Type

Socioeconomic and
environmental factors

EMPLOYED POPULATION BELOW INTERNATIONAL
POVERTY LINE

Description MO1 MO02 MO03 Average Impact

Total CO, emissions

Average level of PM

GDP per capita

Industrial sulfur dioxide emissions

Industrial soot emissions

Industrial waste gas treatment facilities

Forest cover rate

Operating cost of industrial waste gas treatment facilities

Urban population as percentage of total population

Comprehensive utilization rate of industrial solid waste

Freight volume
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Annex F.8 Instrumental statistical models for the state of marine-related ecosystems at global level

I CHLOROPHYLL-A DEVIATIONS, REMOTE SENSING
MOT |MO2 |MO3 |MO4 |MO5 |MO6 |MO7 |MO8 |M

Type Description 09 M10
Electronic waste generated, per capita 513 7.69 7.45 1.84 1089 |7.22 11.47 | 7.34 7.9 9.97
Installed renewable electricity-generating capacity -5.68 -8.43 =733 -8.74 -5.27 -8.43 -6.85 -6.99 -6.98

Coverage of protected areas in relation to marine areas

Protected marine area

Average proportion of marine KBAs covered

Lakes and rivers permanent water area

Lakes and rivers seasonal water area

Reservoir minimum water area

Reservoir maximum water area

Drivers of change

Renewable energy share in the total final energy consumption | -0.41

Domestic material consumption per unit of GDP 0.32

Carbon dioxide emissions from fuel combustion

Carbon dioxide emissions per unit of GDP PPP 0.94 1.08
Prevalence of undernourishment 1.61
Red List Index 292

GNI per capita, Atlas method

Completion rate of upper secondary education -2.69

Proportion of population using basic drinking water services

Proportion of population using basic sanitation services -3.78

Proportion of population using safely managed drinking -1.32
water services

Proportion of population practicing open defecation 1.76

Proportion of population using safely managed sanitation -3.76
services

Proportion of population with access to electricity

Energy intensity level of primary energy

Socioeconomic and environmental factors

Urban population as percentage of total population

218

w
M
T



CHLOROPHYLL-A DEVIATIONS, REMOTE SENSING
Description M11 (M12 |M13 [M14 |M1S | M16 | M17 |M18 |M19 | M20

Drivers of change

Electronic waste generated, per capita

10.03

14.44

4.99

3.9

248

272

4.7

7.86

Installed renewable electricity-generating capacity

951

“9.79

-3.54

-3.37

-2.74

-2.69

Coverage of protected areas in relation to marine
areas

Protected marine area

Average proportion of marine KBAs covered

Lakes and rivers permanent water area

Lakes and rivers seasonal water area

Reservoir minimum water area

Reservoir maximum water area

Renewable energy share in the total final energy
consumption

Domestic material consumption per unit of GDP

Carbon dioxide emissions from fuel combustion

Carbon dioxide emissions per unit of GDP PPP

1.6

4.8

Socioeconomic and environmental factors

Prevalence of undernourishment

2.22

1.34

1.75

1.58

1.41

2.38

1.77

Red List Index

3.57

6.64

GNI per capita, Atlas method

Completion rate of upper secondary education

=3.32

Proportion of population using basic drinking water
services

Proportion of population using basic sanitation
services

Proportion of population using safely managed
drinking water services

-1.6

-1.94

Proportion of population practicing open
defecation

2.86

Proportion of population using safely managed
sanitation services

-4.07

Proportion of population with access to electricity

-1.29

Energy intensity level of primary energy

-5.57

Urban population as percentage of total population

-5.43

4.3

-6.29

9.27

3.85

4.67
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O] CHLOROPHYLL-A DEVIATIONS, REMOTE SENSING

Description

M24 M25 M26 M27 M28 M29 M30 M31 M32 M33 M34
Electronic waste generated, per capita 6.46
Installed renewable electricity-generating capacity =715 |-0.56 |-2.35
Coverage of protected areas in relation to marine areas -0.55
Protected marine area 055
g Average proportion of marine KBAs covered -0.52
.E:“ Lakes and rivers permanent water area
S Lakes and rivers seasonal water area -0.4
o
o | Reservoir minimum water area -0.35
(]
£ | Reservoir maximum water area -0.36
a :
Renewable energy share in the total final energy -0.47 -047 |-047 |-054 |-066 |[-0.79 -0.8 -0.58
consumption
Domestic material consumption per unit of GDP
Carbon dioxide emissions from fuel combustion 1.65 -0.52
Carbon dioxide emissions per unit of GDP PPP 1.31
Prevalence of undernourishment 1.29
g Red List Index
:g GNI per capita, Atlas method
s Completion rate of upper secondary education
5 Proportion of population using basic drinking water
E services
S
‘E Proportion of population using basic sanitation services
_g Proportion of population using safely managed drinking
% water services
E Proportion of population practicing open defecation
e Propor?ion of pppulation using safely managed
8 | sanitation services
@
.g Proportion of population with access to electricity
8 Energy intensity level of primary energy
Urban population as percentage of total population 1.75




CHLOROPHYLL-A DEVIATIONS, REMOTE SENSING

Type | Description M35 |M36 [M37 |M38 [M39 | M40 | M41 | M42 | M43 | M44 | M45 | M46 | Average
Impact

Electronic waste generated, per capita 245 | 3.05
Installed renewable electricity-generating capacity -1.93
Coverage of protected areas in relation to marine -0.55
areas
Protected marine area

o - )

=y Average proportion of marine KBAs covered

(5] .

5 Lakes and rivers permanent water area

S | Lakes and rivers seasonal water area

g Reservoir minimum water area

S | Reservoir maximum water area
Renewable energy share in the total final energy -0.48 |-042 |-04 |-045 |-045 |-042 |-0.46 |-0.61 -0.52
consumption
Domestic material consumption per unit of GDP
Carbon dioxide emissions from fuel combustion 1.21
Carbon dioxide emissions per unit of GDP PPP
Prevalence of undernourishment 0.57

0 Red List Index 0.58

% GNI per capita, Atlas method 1.25 -0.51

@

= leti f i 822 -0. -2.46

5 Completion rate of upper secondary education 8 0.59 -

S Proportion of population using basic drinking water -0.57 -0.57

£ services

c

2 Proportion of population using basic sanitation -0.56 -2.17

Z | services

<

o | Proportion of population using safely managed -1.62

G drinking water services

o

‘E Proportion of population practicing open defecation

S

5 Proportion of population using safely managed -3.84 -0.58 -1.96 AL

9 sanitation services

-8 Proportion of population with access to electricity

o

« Energy intensity level of primary energy
Urban population as percentage of total population -0.56
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