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Glossary
Access indicator: Indicator quantifying the number of people with adequate access to an
ecosystem service.
Benefit Indicator: “Indicator quantifying the benefits that humans derive from
biodiversity.” (Sparks et al., 2011)
Ecosystems: “Self-regulating communities of plants and animals interacting with each
other and with their non-living environment - forests, wetlands, mountains, lakes, rivers,
deserts and agricultural landscapes.” (Hesselink et al., 2007)
Ecosystem services: “The direct and indirect contributions of ecosystems to human wellbeing.” (TEEB, n.d.b)
Essential ecosystem services: Ecosystem services that are absolutely necessary for
human well-being directly and at the local level. For the purposes of this study, this
definition excludes ecosystem services that are solely relied upon for livelihoods.
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Goal: “An ambitious commitment to address a single challenge.” (Suter, 2014)
Health: “A state of complete physical, mental and social well-being and not merely the
absence of disease or infirmity.” (WHO, 1948)
Indicator: “A measure based on verifiable data that conveys information about more than
itself.” (Bubb et al., 2011)
Indigenous communities: “People whose ancestors inhabited a place or country when
persons from another culture or ethnic background arrived on the scene and dominated
them through conquest, settlement, or other means and who today live more in
conformity with their own social, economic, and cultural customs and traditions than with
those of the country of which they now form a part.” (Hesselink et al., 2007)
Livelihoods: “A livelihood comprises the capabilities, assets (including both material and
social resources) and activities required for a means of living. A livelihood is sustainable
when it can cope with and recover from stress and shocks and maintain or enhance its
capabilities and assets both now and in the future, while not undermining the natural
resource base.” (IRP & UNDP-India, 2010)
Local communities: “The human population in a distinct ecological area who depend
directly on its biodiversity and ecosystem goods and services for all or part of their
livelihoods and who have developed or acquired traditional knowledge as a result of this
dependence, including farmers, fisherfolk, pastoralists, forest dwellers and others.” (CBD,
2005)
Need: “‘Need’ refers to a particular category of goals which are believed to be
universalisable… if needs are not satisfied then serious harm of some objective kind will
result.” (Gough, 2014)
Poor: “To be poor is to be hungry, to lack shelter and clothing, to be sick and not cared
for, to be illiterate and not schooled. But for poor people, living in poverty is more than
this. Poor people are particularly vulnerable to adverse events outside their control.”
(World Bank, 2001)
Pressure indicator: “Indicator monitoring the extent and intensity of the causes of
biodiversity loss that responses aim to address.” (Sparks et al., 2011)
Response indicator: “Indicator measuring the implementation of policies or actions to
prevent or reduce biodiversity loss.” (Sparks et al., 2011)
vi

Restoration: “The process of actively managing the recovery of an ecosystem that has
been degraded, damaged or destroyed as a means of sustaining ecosystem resilience and
conserving biodiversity.” (CBD, 2011)
Safeguarding: “A general term which relates to protection. There is a wide range of
measures which can be used to protect ecosystems spanning from strict protected areas to
community conserved areas.” (CBD, 2011)
State indicator: “Indicator analysing the condition and status of aspects of biodiversity.”
(Sparks et al., 2011)
Target: “A specific, measurable and time-bound outcome (result) that directly contributes
to achievement of a goal.” (Suter, 2014)
Vulnerable: “The characteristics and circumstances of a community, system or asset that
makes it susceptible to the damaging effects of a hazard… This definition identifies
vulnerability as a characteristic of the element of interest (community, system or asset)
which is independent of its exposure. However, in common use the word is often used
more broadly to include the element’s exposure.” (UNISDR, n.d.)
Well-being: “A context- and situation-dependent state, comprising basic material for a
good life, freedom and choice, health and bodily well-being, good social relations, security,
peace of mind, and spiritual experience.” (TEEB, n.d.b)
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Abstract
This study proposes a framework for identification of indicator sets to measure progress
towards the Convention on Biological Diversity’s Aichi Target 14:
“By 2020 ecosystems that provide essential services, including services related to water,
and contribute to health, livelihoods and well-being, are restored and safeguarded, taking
into account the needs of women, indigenous and local communities and the poor and
vulnerable”.
A set of 21 global indicators, aligned to 11 ecosystem services, has been selected against
the framework. Linear regression demonstrates overall positive trends for just three of
these services, supporting previous assessments that we are either making no progress
towards the target, or moving away from it. Earlier assessments were based on small
indicator sets and case studies, leaving scope for significant subjectivity.
The Target 14 indicator framework is underpinned by the Economics of Ecosystems and
Biodiversity (TEEB) conceptual framework, with human well-being frameworks utilised to
identify “essential ecosystem services” for human health and well-being. Livelihoods that
depend on ecosystems were not addressed by this study and further research will be
needed to incorporate this.
Access to ecosystem services were more likely to have a positive trend than the state of
underlying ecosystems, supporting observations that human well-being is increasing
despite environmental degradation. As regulating services such as ‘moderation of extreme
events’ continue to decline, however, it is not clear that this pattern can continue
indefinitely.

Word Count: 14,942
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1. Introduction
196 countries make up the Parties to the Convention on Biological Diversity (CBD), which
came into force in 1993 with the objective of conserving biological diversity. In support of
this objective in 2010 the Parties agreed the Strategic Plan for Biodiversity 2011-2020
(Strategic Plan), which includes the 20 Aichi Biodiversity Targets. Global Biodiversity
Outlook 4 (GBO-4), published in 2014, provides a mid-term assessment of progress
towards these Targets. This concluded that, whilst significant progress has been made
towards “some components of the majority of the Aichi Biodiversity Targets”, generally
they are not on track to be met by 2020 (SCBD, 2014). Among other sources, GBO-4 was
informed by detailed statistical analysis of global indicators performed by Tittensor et al in
2014, national reports to the CBD, and global indicators compiled by the Biodiversity
Indicators Partnership (BIP) (Tittensor et al., 2014a; Leadley et al., 2014).
Aichi Target 14 requires that “By 2020, ecosystems that provide essential services,
including services related to water, and contribute to health, livelihoods and well-being, are
restored and safeguarded, taking into account the needs of women, indigenous and local
communities and the poor and vulnerable” (SCBD, 2010b).
The concept of ecosystem services describing the benefits humans obtain from the natural
environment has been around since at least the 1970s (Daily, 1997). More recently the
Millennium Ecosystem Assessment (MA) and the Economics of Ecosystems and
Biodiversity (TEEB) have defined detailed categories of ecosystem services, assessments of
their current state, and attempts at valuation of the benefits derived from them.
The Executive Secretary of the CBD suggests that measuring progress towards Target 14
is key to understanding whether the Strategic Plan will achieve its vision, as the emphasis
of Target 14 is on the “desired state” of the world’s biodiversity, whereas most other
targets are concerned with “enabling conditions” or “direct actions” towards preserving
biodiversity (SCBD, 2011a). However, the underlying information used in GBO-4 to
assess progress towards Target 14 is far from complete. As benefits from ecosystem
services are generally derived at the local spatial scale, particularly those depended on by
indigenous and local communities, there are significant challenges in identifying relevant
indicators at the global scale. Previous efforts to measure progress towards Target 14 are
discussed in more depth in the background section of this study.

3

1.1. Aim and objectives
The aim of this study is to move towards a more complete assessment of progress towards
Aichi Target 14. The methods and results are framed around three key objectives:
1. Develop a framework against which to identify and assess indicator sets for measuring
progress towards Target 14
2. Select a set of indicators aligned to the framework
3. Demonstrate how the indicators selected can be analysed to assess progress towards
Target 14.
1.2. Approach
A series of methodology decisions were made throughout this study, each with potentially
profound consequences for the outcome, and it is important to be aware of the possibility
for unconscious bias to affect each decision. The methods section sets out in detail the
techniques and criteria used at each stage, with the results section providing additional
information on the selection process for specific indicators.
This study has selected a set of indicators with sufficient breadth to allow for an indicative
view of progress towards Target 14 to be presented. The discussion section sets out an
interpretation of these results, together with suggestions for the next steps to further
develop the progress made here.
This study seeks indicators to measure progress towards a global biodiversity target, but
arguably more important than the specific indicators selected, or their analysis, is the
establishment of a method for selecting indicators underpinned by a detailed framework.
The framework, methods, and indicators set out here provide a foundation to be built on
and refined by future research.
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2. Background
2.1. The CBD
In 2002 the Parties to the CBD committed to the 2010 biodiversity target: “to achieve by
2010 a significant reduction of the current rate of biodiversity loss at the global, regional
and national level as a contribution to poverty alleviation and to the benefit of all life on
Earth”(CBD, 2015). The Biodiversity Indicators Partnership (BIP) was established in 2007
to manage development of indicators to measure progress towards this target. In 2010, the
Global Biodiversity Outlook 3 (GBO-3), published by the Secretariat of the CBD (SCBD),
concluded that the target had not been met (SCBD, 2010d).
2.2. Aichi Targets
In response to the failure to meet the 2010 target of a ‘significant reduction in biodiversity
loss’, the Parties to the CBD adopted the Strategic Plan for Biodiversity 2011-2020
(Strategic Plan) at the 10th Conference of the Parties (COP-10). The Strategic Plan includes
the 20 Aichi Targets aligned to five strategic goals sitting under the mission and vision
(SCBD, 2010b) (table 2.1).
Table 2.1 – Strategic Plan Vision, Mission, Strategic Goals and Aichi Targets
The vision:
“By 2050, biodiversity is valued, conserved, restored and widely used, maintaining ecosystem
services, sustaining a healthy planet and delivering benefits essential for all people.”
The mission:
“Take effective and urgent action to halt the loss of biodiversity in order to ensure that by 2020
ecosystems are resilient and continue to provide essential services, thereby securing the planet’s
variety of life, and contributing to human well-being, and poverty eradication. To ensure this,
pressures on biodiversity are reduced, ecosystems are restored, biological resources are
sustainably used and benefits arising out of utilization of genetic resources are shared in a fair
and equitable manner; adequate financial resources are provided, capacities are enhanced,
biodiversity issues and values mainstreamed, appropriate policies are effectively implemented,
and decision-making is based on sound science and the precautionary approach.”
Strategic goal A:

Target 1: Awareness of biodiversity increased

Address the underlying causes
of biodiversity loss by
mainstreaming biodiversity
across government and society

Target 2: Biodiversity values integrated
Target 3: Incentives reformed
Target 4: Sustainable production and consumption
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Table 2.1 – Strategic Plan Vision, Mission, Strategic Goals and Aichi Targets (cont)
Strategic Goal B:

Target 5: Habitat loss halved or reduced

Reduce the direct pressures on
biodiversity and promote
sustainable use

Target 6: Sustainable management of aquatic living resources
Target 7: Sustainable agriculture, aquaculture and forestry
Target 8: Pollution reduced
Target 9: Invasive alien species prevented and controlled
Target 10: Ecosystems vulnerable to climate change

Strategic Goal C:

Target 11: Protected areas

Improve the status of
biodiversity by safeguarding
ecosystems, species and genetic
diversity

Target 12: Reducing risk of extinction

Strategic Goal D:

Target 14: Ecosystem services

Enhance the benefits to all
from biodiversity and
ecosystem services

Target 15: Ecosystem restoration and resilience

Strategic Goal E:

Target 17: Biodiversity strategies and action plans

Enhance implementation
through participatory planning,
knowledge management and
capacity building

Target 18: Traditional knowledge

Target 13: Safeguarding genetic diversity

Target 16: Access to and sharing benefits from genetic
resources

Target 19: Sharing information and knowledge
Target 20: Mobilizing resources from all sources

The BIP continue to manage development of indicators for the new targets, and the
Parties to the CBD requested that where possible the existing indicator set be utilised, to
avoid losing prior work (SCBD, 2010c). The Ad Hoc Technical Expert Group (AHTEG)
on Indicators for the Strategic Plan was convened in 2011 under the CBD to advise on
indicators for measuring progress towards the Aichi Targets, supported by the work of the
BIP. National Reports are prepared by the Parties to the CBD roughly every four years,
with the 5th National Reports, describing national progress towards each Aichi Target, due
in March 2014 (SCBD, 2010a).
At the global level, an evaluation of progress towards the targets was reported in GBO-4
in 2014 (SCBD, 2014), informed by:
•

The 5th National Reports

•

CBD Technical Report No.78 (Leadley et al., 2014)

•

Detailed analysis performed by Tittensor et al using statistical extrapolation to
project trends to 2020 based on global indicators (Tittensor et al., 2014a)

•

The work of the BIP to bring together datasets from international organisations.
6

GBO-4 splits each target into ‘elements’, giving each element both a status rating from 1
(“moving away from the target”) to 5 (“on track to exceed target”) and a level of
confidence rating (SCBD, 2014).
2.3. Aichi Target 14
GBO-4 splits the Target 14 into two distinct elements:
1. “Ecosystems that provide essential services, including services related to water, and
contribute to health, livelihoods and well-being, are restored and safeguarded…”
2. “…taking into account the needs of women, indigenous and local communities and
the poor and vulnerable.”
These were rated 2 (“no significant overall progress”) and 1 (“moving away from the
target”) respectively, each with the lowest level of confidence rating. Analysis of 64
National Reports presented in GBO-4 shows that individual countries are more optimistic,
with the majority of countries concluding they were making “progress towards target but
at an insufficient rate” (SCBD, 2014).
Previous attempts to measure progress towards Target 14 have not methodically broken
the target down any further than the two elements used in GBO-4, but defining the key
terms is important to help enable a consistent understanding of the target. Therefore table
2.2 defines the terms used in Target 14, with CBD definitions used where they exist. These
are the definitions that have been used throughout this study, but there is more to the
target than the definition of each individual term. The CBD has published a quick guide
and a technical rationale for Target 14 clarifying that at the national level conservation of
those ecosystems relied on by local communities for health, livelihoods and well-being is
key. Women are targeted as gender roles in some countries leave women more reliant on
certain ecosystem types (CBD, n.d.; CBD, 2011).
Table 2.2 – Definitions of the constituent elements of Target 14
Ecosystems

“self-regulating communities of plants and animals interacting with each
other and with their non-living environment - forests, wetlands, mountains,
lakes, rivers, deserts and agricultural landscapes.” (Hesselink et al., 2007)

…that provide
essential

“Absolutely necessary; extremely important.” (Oxford University Press,
n.d.)

…[ecosystem]
services,

“The direct and indirect contributions of ecosystems to human wellbeing.” (TEEB, n.d.b)
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Table 2.2 – Definitions of the constituent elements of Target 14 (cont)
…including
services related to
water,

Provisioning service: Fresh water
Regulating service: Waste-water treatment
(TEEB, n.d.a)

…and contribute
to health,

“A state of complete physical, mental and social well-being and not
merely the absence of disease or infirmity.” (WHO, 1948)

…livelihoods

“A livelihood comprises the capabilities, assets (including both material
and social resources) and activities required for a means of living. A
livelihood is sustainable when it can cope with and recover from stress
and shocks and maintain or enhance its capabilities and assets both now
and in the future, while not undermining the natural resource base.” (IRP
& UNDP-India, 2010))

…and well-being,

“A context- and situation-dependent state, comprising basic material for a
good life, freedom and choice, health and bodily well-being, good social
relations, security, peace of mind, and spiritual experience.” (TEEB,
n.d.b)

…are restored

“The process of actively managing the recovery of an ecosystem that has
been degraded, damaged or destroyed as a means of sustaining ecosystem
resilience and conserving biodiversity.” (CBD, 2011)

…and
safeguarded,

“A general term which relates to protection. There is a wide range of
measures which can be used to protect ecosystems spanning from strict
protected areas to community conserved areas.” (CBD, 2011)

…taking into
account the needs

“‘Need’ refers to a particular category of goals which are believed to be
universalisable… if needs are not satisfied then serious harm of some
objective kind will result.” (Gough, 2014)

…of women,
…indigenous
[communities]

“People whose ancestors inhabited a place or country when persons from
another culture or ethnic background arrived on the scene and dominated
them through conquest, settlement, or other means and who today live
more in conformity with their own social, economic, and cultural customs
and traditions than with those of the country of which they now form a
part.” (Hesselink et al., 2007)

…and local
communities

“The human population in a distinct ecological area who depend directly
on its biodiversity and ecosystem goods and services for all or part of
their livelihoods and who have developed or acquired traditional
knowledge as a result of this dependence, including farmers, fisherfolk,
pastoralists, forest dwellers and others.” (CBD, 2005)

…and the poor

“To be poor is to be hungry, to lack shelter and clothing, to be sick and
not cared for, to be illiterate and not schooled. But for poor people, living
in poverty is more than this. Poor people are particularly vulnerable to
adverse events outside their control.” (World Bank, 2001)

…and vulnerable.

“The characteristics and circumstances of a community, system or asset
that makes it susceptible to the damaging effects of a hazard… This
definition identifies vulnerability as a characteristic of the element of
interest (community, system or asset) which is independent of its
exposure. However, in common use the word is often used more broadly
to include the element’s exposure.” (UNISDR, n.d.)
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The Independent Research Forum 2015 (IRF2015) defines a target as “a specific,
measurable and time-bound outcome (result) that directly contributes to achievement of a
goal”. Target 14 does not meet that definition, and in fact it better fits the definition of a
goal provided in the same report: “an ambitious commitment to address a single
challenge” (Suter, 2014). Many of the difficulties in measuring progress towards the target
stem from the fact that it is worded as a goal, with no underlying Specific, Measurable,
Ambitious, Realistic and Time-bound (SMART) targets. Given the breadth of focus of
Target 14 it is likely that several SMART targets would be needed to support the overall
goal. However, work towards meeting such targets would need to be at a national, regional
or local level, and so investing in establishing detailed global level targets may not be an
efficient use of resources.
Maxwell et al discuss how setting ambiguous targets allows “wriggle room” which can
promote collaboration and global agreement which may not otherwise be possible in areas
of such complexity and uncertainty as ecosystem services (Maxwell et al., 2015). Setting an
ambiguous target (or setting a goal with no corresponding SMART targets) is better than
setting no target at all where it is not possible to reach consensus on the details, as it will
prompt positive actions to be taken. However, without agreement on the specifics of these
targets, there is a risk that insufficient actions will be taken to meet the intended goal.
Indeed this is what happened in practice with the CBD’s 2010 biodiversity target.
2.4. Indicators
The BIP identifies six global indicators for Target 14:
•

Red List Index (RLI): Food & Medicine

•

Accessibility Index for species used for food and medicine

•

Health and well-being of communities directly dependant on ecosystem goods and
services

•

Nutrition indicators for biodiversity (food composition and food consumption)

•

Ocean Health Index

•

RLI: Pollinators

Tittensor et al projections show significant decline in RLI: Pollinators to 2020, the only
indicator analysed for Target 14. Seven additional indicators were rejected based on the
following criteria (Tittensor et al., 2014b):
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•

Geographic coverage: Inland water resources

•

Temporal coverage: Irrigated crop area

•

Relevance to Target:
o Food price variability
o Inadequate access to food
o Food price volatility
o Production of selected forest products
o Population at risk.

The 5th National Reports to the CBD reveal that countries have taken differing approaches
to reporting progress towards Target 14. Some national indicators have been reported, for
example the UK uses “fish sizes in the Northern North Sea” as an indicator of the
sustainability of fishing activities, but often only general statements or case studies are
included (CBD, 2014). The variation in information reported nationally makes it difficult
to extrapolate to a global level.
CBD Technical Series No. 78 is the supporting technical document for GBO-4. For
Target 14 the focus is on fisheries, harvested wild products, water, climate regulation, and
coastal/flood protection (Leadley et al., 2014). GBO-4 itself quotes the following
information in its Target 14 assessment:
•

Sub-global assessments (e.g. UK National Ecosystem Assessment (NEA))

•

Ocean Health Index

•

Decline of Arctic sea ice

•

Country level actions to safeguard ecosystems providing essential services

•

National targets explicitly addressing the global target

•

Mention of the needs of women, indigenous and local communities and the poor
and vulnerable being taken into account in the 5th National Reports.

2.5. Difficulties in measuring progress towards Target 14
The difficulties in measuring progress towards Target 14 are reflected in the low level of
confidence awarded in GBO-4, and in the relatively few indicators identified, considering
the wide scope of the target.
Although our knowledge about ecosystem services is increasing, there remain significant
gaps in our understanding of the interaction between ecosystems and human well-being
10

derived from ecosystem services (MA, 2005). This creates difficulties in identifying
indicators that are sensitive to changes in the underlying systems.
Target 14 is designed to prompt actions at the regional or local scale to conserve those
ecosystems depended upon by local communities. It is difficult to measure the success of
these actions at the global scale as indicators often have gaps in geographical coverage, and
inconsistencies in data from different sources are common. Global level data can also hide
significant regional differences (Tyrrell et al., 2010).
It is acknowledged that there are many gaps in the data available to measure progress
towards the Aichi targets. With limited resources to address this, the Parties to the CBD
have prioritised identification of at least one indicator for each target (SCBD, 2012). In
response, the UNEP-WCMC has performed a gap analysis. This concluded that both
elements of Target 14 are a priority, as all indicators for the first element were rated low
for alignment (a subjective assessment, considering each indicator individually), and the
second element had no global indicators (Chenery et al., 2015).
Data reliability is also key when assessing trends in the state of local ecosystems at the
global level as inaccuracies could lead to misinterpretation of indicators. Many of the
indicators suggested by Tittensor et al (2014) are based on data collected by the Food and
Agriculture Organization of the UN (FAO), which often relies on national estimates. Even
where indicators are aligned to the target, inaccuracy in the underlying data may lead to
misinterpretation.
The process of matching targets to indicators is subjective; there is no single ‘right answer’
to the question of which indicators should be used to measure progress towards Target 14
(Tittensor et al., 2014b). This makes it particularly important to be clear on the
assumptions being made and the criteria used to assess alignment.
2.6. Gaps in previous efforts to measure progress towards Target 14
As well as assessing each indicator individually, it is recommended to assess alignment of a
set of indicators as a whole against a relevant framework (Sparks et al., 2011; Niemeijer &
de Groot, 2008). This has been addressed to some extent in efforts to date to measure
progress towards Target 14 through use of the Response, Pressure, State, Benefit (RPSB)
indicator framework (SCBD, 2011b). The CBD technical report informing GBO-4 also
considers key ecosystem services in turn, seeking indicators for each one (Leadley et al.,
2014). However, in general indicators have been assessed individually for alignment to the
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target, and no framework has been defined. Developing such a framework is a key
objective for this study.
For example, “dietary energy supply” as a percentage of dietary energy requirement was
considered by Tittensor et al (2014b), and assessed by Chenery et al (2015). This could be
considered highly aligned to Target 14 as it measures whether sufficient food is produced
for the global population; however it does not take into account the potential negative
effects of an increase in food provision on other ecosystem services, so it would only be
highly aligned to Target 14 if it was part of a set of indicators that addressed those points.
The potential for double-counting is another possibility when assessing the target as there
are many links between the ecosystem services. For example, pressures on pollination will
also impact the provision of food.
It has been acknowledged that there is a tendency to focus on provisioning services above
regulating and cultural services. The CBD explicitly state that this is the case for the data
considered in the technical document supporting GBO-4 (Leadley et al., 2014), partly as,
unlike other services, the benefits from provisioning services are straightforward to
interpret and to value economically (Reyers et al., 2012). This focus may be dangerous, as
deriving an excess of provisioning services such as food, fuel and fibre from the
environment may be unsustainable, as well as leading to a reduction in other, less easily
valued services, such as erosion prevention and waste-water treatment.
Additionally, GBO-4 does not state how the indicators and case studies quoted were used
to derive the overall summary of progress. Such lack of clarity can be useful politically, but
it allows for significant subjectivity and makes it difficult to judge whether an appropriate
conclusion has been reached. It can be particularly difficult to avoid bias when selecting
case studies as evidence.
Finally, linkages may be lost through considering each element of the target separately. For
example, considering the first half of Target 14 alone suggests that the scope of the target
is all ecosystem services that are essential to humans. Looking at the target as a whole,
however, suggests that the key focus of the target are those ecosystems which are
depended on by local communities. This focus is reinforced by both the technical rationale
and the quick guide to Target 14 published by the CBD (CBD, n.d.; CBD, 2011).
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3. Methods
3.1. General principles
The Parties to the CBD have explicitly stated that unnecessary changes to the existing
indicator framework should be avoided (SCBD, 2008). Therefore this study has sought to
build on previous work, and where possible, to incorporate indicators already identified.
Datasets with global coverage have been sought, rather than focussing on a smaller
geographical area. This approach limits the quantity of data available, but increases the
overall relevance of the results to Target 14.
The pragmatism principle has been followed, in that the importance of presenting results
which can be used in practice to help measure progress towards Target 14 has been
elevated above presenting a more complete solution that is not practical to implement.
3.2. Approach
3.2.1. Phase 1 – Develop Target 14 indicator framework
The RPSB indicator framework was used by Tittensor et al (2014a) and in GBO-4, and has
been used here for continuity. Sparks et al define the four categories (Sparks et al., 2011):
Response: “Indicator measuring the implementation of policies or actions to prevent or
reduce biodiversity loss.”
Pressure: “Indicator monitoring the extent and intensity of the causes of biodiversity loss
that responses aim to address.”
State: “Indicator analysing the condition and status of aspects of biodiversity.”
Benefit: “Indicator quantifying the benefits that humans derive from biodiversity.”
UNEP-WCMC provided a list of existing conceptual frameworks that tie ecosystems and
ecosystem services to human well-being:
•

MA conceptual framework (MA, 2003)

•

TEEB conceptual framework (TEEB, 2010b)

•

Framework for integrated assessment of ecosystems and landscape services (de
Groot et al., 2010)

•

UK National Ecosystem Assessment (NEA) (UK NEA, 2011)

13

•

Mapping and Assessment of Ecosystems and their Services (MAES) (EU, 2013)

•

Intergovernmental Platform on Biodiversity & Ecosystem Services (IPBES) (Díaz
et al., 2015)

•

The extended Ecosystem Properties, Potentials and Services (EPPS) framework
(Bastian et al., 2013)

The following criteria were applied to select a conceptual framework for this study:
•

Clearly defined component for:
o Responses
o Pressures
o States (ecosystem types, e.g. forest, marine)
o Benefits (both ecosystem services and human well-being)

•

The linkages between components are aligned to the RPSB framework

•

Relevance to global spatial scale

•

Ease of use.

Finally, within each component of the selected conceptual framework, the specific
elements against which to identify indicators were defined.
Target 14 focuses on essential ecosystem services, so it is important to determine which
services are essential. TEEB defines ecosystem services as “The direct and indirect
contributions of ecosystems to human well-being” (TEEB, n.d.b). ‘Essential’ has been
defined for this study as ‘absolutely necessary for human well-being directly and at the
local level’. A distinction has been made between ecosystem services that are ‘directly
essential’ for human well-being, which do not include ecosystem services essential for
maintaining livelihoods on top of fulfilling health and well-being requirements. For
example, tourism does not met this definition of a directly essential ecosystem service,
despite many people relying on tourism for their livelihoods. In a similar way, food has
only been considered essential in the sense that it provides nourishment. The livelihood
and way of life that food provides to farmers has not been taken into account. The
livelihoods aspect of ecosystem services is an explicit part of Target 14, and is important to
address, but it has been excluded from the scope of this study due to the complexity
involved in building a framework which takes it into account.
Villamagna & Giesecke discuss a number of human well-being frameworks and their
relevance for ecosystem assessments (Villamagna & Giesecke, 2014). Additionally, the MA
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and TEEB have each developed their own human well-being frameworks with welldefined links between well-being and the environment (TEEB, 2010b; MA, 2003). The
Theory of Need (Gough, 2014) is another particularly detailed human well-being
framework. Table 3.1 summarises these frameworks. Of these, the MA well-being
framework, United Nations Development Programme (UNDP) Human Development
Index, and Theory of Need were selected as being representative of different approaches
to defining human well-being. They were each mapped to ecosystem services (as defined
by the MA and TEEB), to identify the ecosystem services meeting the definition of
directly essential.
Table 3.1 – Human well-being frameworks
UNDP – Human Development
Index (UNDP, n.d.)

The Economist Intelligence Unit –
Quality of Life Index (The
Economist, 2005)

The Index of Sustainable Economic
Welfare (Economics Online, 2015)

The US Environmental Protection
Agency (EPA) – Human Well-being
Index (EPA, 2012)

Developed to assess development at the national level.
Three dimensions of human development:
• A long and healthy life
• Being knowledgeable
• Having a decent standard of living
Nine quality of life factors:
• Material well-being
• Health
• Political stability and security
• Family life
• Community life
• Climate and geography
• Job security
• Political freedom
• Gender equality
Positive dimensions:
• Personal expenditure
• Public expenditure (excluding defence)
• Value of unpaid work
Negative dimensions:
• Private defence
• Value of environmental damage
Developed for ecosystem services research. Eight
domains of well-being:
• Social cohesion
• Education
• Connection to nature
• Health
• Living standards
• Leisure time
• Safety and security
• Cultural fulfillment
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Table 3.1 – Human well-being frameworks (cont)
The Federation of Canadian
Municipalities (FCM) – Quality of
Life Reporting System (FCM, 2001)

International Fund for Agricultural
Development (IFAD) – Sustainable
Livelihoods Framework (IFAD, n.d.)

Theory of need (Gough, 2014)

MA (MA, 2003)

TEEB (TEEB, 2010b)

Eight sets of indicators:
• Population Resources Measures
• Community Affordability Measures
• Quality of Employment Measures
• Quality of Housing Measures
• Community Stress Measures
• Health of Community Measures
• Community Safety Measures
• Community Participation Measures
Framework setting out influence on ‘the poor’ of:
• Vulnerability Context
• Policies, Institutions, Processes
• Livelihood Strategies
• Livelihood Outcomes
Detailed framework including “Universal characteristics
of needs satisfiers”:
• Adequate nutritional food and water
• Adequate protective housing
• Non-hazardous work environment
• Non-hazardous physical environment
• Appropriate healthcare
• Security in childhood
• Significant primary relationships
• Physical security
• Economic security
• Safe birth control and child bearing
• Basic education
Five key components of well-being:
• The basic material for a good life
• Freedom and choice
• Health
• Good social relations
• Personal security
Three dimensions of human well-being:
• Economic (welfare)
• Social (well-being)
• Ecological (sustainability)

Measures of access to ecosystem services are important for Target 14. As no existing
definition of access indicators was identified, the following definition has been created for
this study:
Access: Indicator quantifying the number of people with adequate access to an ecosystem
service.
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Human well-being itself is a separate component of the framework, and has been split into
two elements:
•

Well-being of those who depend on local ecosystems (ideal for Target 14)

•

Well-being of the global human population (greater data availability).

Similar categorisations of ecosystem types are provided by TEEB and the MA (TEEB,
2010b; MA, 2005), with the key differences being:
•

‘Inland Water’ in the MA is split into ‘Wetlands’ and ‘Lake and rivers’ in TEEB

•

‘Dryland’, ‘Island’ and ‘Mountain’ in the MA are ‘Woodland & shrubland’, ‘Grass
& rangeland’, ‘Desert’ and ‘Tundra’ in TEEB.

The TEEB definitions are better aligned to ecosystem services (e.g. waste-water treatment
is aligned to wetlands), so these have been used for the framework. All ecosystems have
been included as all ecosystem types can provide essential ecosystem services.
Restoration and safeguarding are specifically mentioned within Target 14, so these have
been included as specific elements in the responses section. The CBD defines these terms
as follows:
Restoration: “the process of actively managing the recovery of an ecosystem that has
been degraded, damaged or destroyed as a means of sustaining ecosystem resilience and
conserving biodiversity.” (CBD, 2011)
Safeguarding: “a general term which relates to protection. There is a wide range of
measures which can be used to protect ecosystems spanning from strict protected areas to
community conserved areas.” (CBD, 2011)
For responses, pressures and states, a further distinction has been made. Each can be
considered in relation to either an ecosystem type globally, or the specific ecosystems
depended upon by local communities. The latter would be preferable, as the extended
rationale of Target 14 clarifies that prioritisation should be given to safeguarding and
restoring those ecosystems that are depended upon by local communities (CBD, n.d.).
However, the former has been included due to the difficulties in obtaining consistent
global data for such ecosystems.
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3.2.2. Phase 2 – Identify indicators
The UNEP-WCMC definition of an indicator, “a measure based on verifiable data that
conveys information about more than itself” (Bubb et al., 2011), has been used for this
study.
The technical rationale for Target 14 (CBD, n.d.) clarifies that the strongest indicators for
Target 14 would be those relating to the specific ecosystems that are depended upon by
local communities. However, there is a lack of data at the global level to support such
indicators. The difficulties of monitoring such data even at the national level can be seen
from the 5th National Reports to the CBD. As part of this study, the Target 14 progress
update within the 5th National Reports for 17 countries (selected haphazardly from the
reports submitted in English) were reviewed. None of these reports presented a full set of
indicators, and only five (Brazil, Kiribati, Thailand, UK, and Yemen) included any
indicators at all. Macedonia and Suriname stated that a lack of capacity prevented them
from providing any information about progress towards the target, and all other countries
reviewed presented a mixture of statements of intent, relevant national targets, and case
studies giving examples of the responses that are being made towards the target.
The 5th National Reports for the following countries were reviewed:
•

Botswana

•

Malta

•

Suriname

•

Brazil

•

Mozambique

•

Thailand

•

Indonesia

•

Oman

•

UK

•

Micronesia

•

Romania

•

Ukraine

•

Kiribati

•

Sierra Leone

•

Yemen.

•

Macedonia

•

Slovakia

Even if quality data were available at the local or national level, it would be difficult to
scale up data about specific local ecosystems to a global level. Similarly, there is no global
level data on the well-being of the local communities that depend on local ecosystems,
although “Health & well-being of communities directly dependent on ecosystem goods &
services” is one of the BIP indicators under development (BIP, n.d.).
Therefore, for this study, selection of indicators has been restricted to benefit and access
indicators for essential ecosystem services, together with state indicators for ecosystems

18

that clearly align to a specific ecosystem service (for example, raw materials are closely
related to forests).
To identify the indicators themselves, relevant MA and TEEB outputs were reviewed to
determine the defining characteristics of the ecosystem service and identify any relevant
ecosystems. Additional literature was reviewed where further clarification was needed.
Global datasets were then sought in relation to benefits, access and states for each
ecosystem service. Where no suitable datasets were identified for any element, global
datasets to provide a proxy were sought instead.
Once identified, each indicator was assessed against the following criteria (adapted from
Chenery et al., 2015; Tittensor et al., 2014b; BIP, 2012):
•

Alignment to Target 14 indicator framework

•

Ability of data to reflect trends in benefits from, access to, or state of the
underlying ecosystem or ecosystem service

•

Reputation of organisation

•

Scientific rigour of methods

•

Date range (preferably an end point after 2010, rated moderate if end point is
before 2010 but after 2005)

•

At least six annual data points available (rated moderate if 3-5 annual data points
available)

•

Spatial range:
o 1-2 continents - poor
o 3-4 continents (less than 10 countries) – poor
o 3-4 countries (more than 10 countries) – moderate
o 5+ continents (less than 20 countries) – moderate
o 5+ continents (more than 20 countries – good (Chenery et al., 2015)

•

Likely continuation of data collection.
3.2.3. Phase 3 – Analyse selected indicators

No benchmark or threshold values, or desirable magnitude of change in values, have been
determined for the indicators selected, due to the complexities and uncertainties involved
in doing so. Instead, analysis has been performed to assess whether there is a statistically
significant upward or downward trend in the data.
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To achieve this, a linear regression model was applied to the data for each indicator against
time. Where a p-value of <0.05 was calculated, the trend in the data was taken to be the
same as the sign of the slope of the linear regression curve. Where a p-value of ≥ 0.05 was
calculated it was concluded that there was no upward or downward trend in the data. The
application R was used to complete the analysis.
Linear regression was used as there is no requirement for the datasets to be normally
distributed (as there is for Pearson’s correlation coefficient), which doesn’t hold true when
analysing trends in a single variable over time. Additionally many of the datasets
incorporate a significant degree of estimation and other uncertainty. Therefore any more
complex modelling of the data may hide a lack of accuracy in the data beneath the
precision of complex calculations.
Where annual data is presented by country rather than a single global data point, individual
countries have been excluded from the analysis if they have missing data for any of the
years included in the analysis. Where the unit is a proportion of the population and no
global level data provided, population weighted global averages have been calculated.
Where there are only two data points and so linear regression cannot be used, the
percentage change between the two data points was calculated. Any percentage change
over 20% between the two points was considered to be a significant trend. If access to the
underlying data was not publically available, analysis of the data reported elsewhere has
been used to confirm whether there is a clear trend in the data.
The final results are presented in a table showing up to four trends for each ecosystem
service, under the categories of benefits, access, ecosystem state, and an overall trend for
the ecosystem service.
The following symbols were used:

 designates a positive trend (i.e. moving towards Target 14)
 designates a negative trend
 designates that no positive or negative trend was identified
-

designates that no indicators were identified.
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Indicators with differing trends selected for the same element of the framework have been
combined as follows:
•

Positive + Negative = No trend

•

Positive + No trend = Positive

•

Negative + No trend = Negative.

The overall ratings for each ecosystem service were derived as follows:
•

Where there were two ratings for an ecosystem service, the same logic as above
was applied

•

Where there was only one rating for an ecosystem service, that also became the
overall rating

•

If there were three ratings for the ecosystem service which were all different, the
overall rating is of no trend. Otherwise the overall rating is the same as the two or
more individual ratings which agree.
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4. Results
4.1. Phase 1 – Develop Target 14 indicator framework
Of the seven ecosystem service frameworks assessed, the TEEB conceptual framework
most closely mirrors the RPSB indicator framework (Figure 4.1); it includes each RPSB
element as a main component, and uses the same linkages. This conceptual framework was
adopted for incorporation into the Target 14 indicator framework. In addition, TEEB has
the most clearly defined lists of ecosystem types and ecosystem services categories of all
the frameworks assessed. Appendix A details the assessment of each conceptual
framework against the criteria.

Figure 4.1 – TEEB Conceptual Framework aligned to RPSB indicator framework

The ecosystem services, as defined by TEEB (TEEB, n.d.a), assessed to meet the
definition of ‘essential’ for the purposes of this study are:
•

Food

•

Raw materials (especially fuel and fibre as emphasised by the MA (MA, 2005))

•

Fresh water
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•

Medicinal resources

•

Local climate and air quality

•

Moderation of extreme events

•

Waste-water treatment

•

Erosion prevention and maintenance of soil fertility

•

Pollination

•

Biological control (especially disease and pest regulation as emphasised by the MA
(MA, 2005))

•

Recreation and mental and physical health.

Appendix B details the alignment of each human well-being framework to the full list of
ecosystem services, as defined by both the MA and TEEB, used to compile this list.
All provisioning services, and all regulating services except carbon sequestration, are
aligned to one or more components of each well-being framework, and are considered
essential. Carbon sequestration does not align directly to any elements of well-being in the
three frameworks. Whilst clearly important in terms of climate regulation (Myers, 1997), it
is not directly necessary at the local level. Additionally, as carbon sequestration is the
subject of Aichi Target 15 it seems reasonable to exclude it from measurement of progress
towards Target 14.
The two supporting services in the TEEB framework, “habitats for species” and
“maintenance of genetic diversity”, do not align directly to any of the elements of the wellbeing frameworks. Habitats for species are addressed by Aichi Targets 5 to 11, and genetic
diversity is covered by Targets 13 and 16, and so they have been excluded from the
framework. All cultural services aligned to one or more elements of all three well-being
frameworks, and they have all been included in the framework with the exception of
tourism, which has been specifically excluded from this study as livelihood related services
have not been considered.
Figure 4.2 sets out the resulting Target 14 indicator framework. The RPSB indicator
framework is shown in red, the TEEB framework in blue, and the specific elements for
indicators to be selected against are set out in green tables.
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Figure 4.2 – Target 14 indicator framework, incorporating TEEB conceptual framework (TEEB, 2010b)
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4.2. Phase 2 – Identify indicators
The final indicator set, aligned to the Target 14 indicator framework, is set out in table 4.1.
Table 4.1 – Selected Benefit, Access and State indicators by ecosystem service
Ecosystem
Services

Benefit
indicators

Access indicators

Ecosystem State
type
indicators

Cultivated

Provisioning services
Food

Average dietary
energy supply
adequacy

Prevalence of
undernourishment

Raw materials

Production of
forest products

People relying on traditional Forests
use of biomass for cooking

Forest extent

Fresh water

Renewable water
resources per
capita

Access to improved water
resources

Access to
improved
sanitation
facilities

Lakes /
rivers

Agriculture area

Nitrogen and
phosphate
fertilisers
Medicinal
resources

RLI for food and
medicine

No indicator

N/A

N/A

N/A

N/A

Coastal

Mangroves
extent

Regulating services
Local climate
& air quality

Population
Proportion of the
weighted exposure population exposed to a
to PM2.5
PM2.5 concentration of
10µg/m3

Moderation of Occurrence of:
extreme events
• Fires
• Floods
• Storms
• Landslides
Waste-water
treatment

Population affected by:
•
•
•
•

Fires
Floods
Storms
Landslides

Access to
Access to improved
improved
sanitation facilities
sanitation facilities

Wetlands

Wetlands
Extent Index

Wetlands

Wetlands
Extent Index

Forests

Forest extent

Nitrogen and
phosphate
fertilisers
Erosion
prevention &
soil fertility

Occurrence of:
•
•

Drought
Landslide

Population affected by:
•
•

Drought
Landslide
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Table 4.1 – Selected Benefit, Access and State indicators by ecosystem service (cont)
Ecosystem Services Benefit
indicators

Access indicators

Ecosystem
type

State
indicators

No indicator

N/A

N/A

Pollination

RLI:
Pollinators

Biological control

DALYs lost to Estimated number of
parasitic and
malaria cases
vector diseases

N/A

N/A

Global average No indicator
healthy life
expectancy

N/A

N/A

Cultural services
Recreation &
physical & mental
health

DALYs lost to
mental and
behavioural
disorders
Aesthetic
appreciation and
inspiration

No indicator

No indicator

N/A

N/A

Spiritual
experience and
sense of place

No indicator

No indicator

N/A

N/A

The assessment of each indicator against the selection criteria is detailed in Appendix C.
‘Ability of data to reflect trends in benefits from, access to, or state of the underlying
ecosystem or ecosystem service’ was the least fulfilled criterion, with only six indicators
rated ‘good’ (29%) and five rated ‘poor’ (24%) (Figure 4.3). This is a good measure of the
alignment of the set of indicators to the framework, and shows that there is scope for
improvement.
The underlying data for many of the indicators does not have a high level of accuracy.
Only nine of the datasets were given a rating of ‘high’ for scientific rigour, mainly due to
global datasets relying on national estimates. Despite this, where there is consistency in
data collection, such datasets can still provide useful information about trends. Only the
two air quality indicators fully met all the selection criteria.
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Figure 4.3 – Number of selected indicators meeting the selection criteria

No specific ecosystems are associated with medicinal resources, local climate and air
quality, pollination, biological control or any of the cultural services. Therefore no state
indicator have been sought for these ecosystem services. No global indicators were
identified for aesthetic appreciation or spiritual experience. Appendix D lists additional
indicators considered, with reasons for lack of inclusion.
4.2.1. Food
The FAO Statistics Division (FAOSTAT) collects data on the global food supply.
“Average Dietary Energy Supply Adequacy” gives the food energy supply for each country
as a percentage of the energy requirement for the population (FAOSTAT, 2015b).
The UN Millennium Development Goal (MDG) indicator “Proportion of population
below minimum level of dietary consumption” (Prevalence of undernourishment)
describes global access to food. Data is collected annually by FAOSTAT (FAOSTAT,
2015c).
FAOSTAT collects annual global data on agriculture area as a % of land area (FAOSTAT,
2015a). Although an increase in agriculture area could be considered to have a negative
impact on other ecosystem services, for the purposes of this study, in the context of the
food ecosystem service, it is considered to be a positive. Data goes back to 1961, but only
data from 1980 has been included in the analysis, to identify more recent trends.

27

4.2.2. Raw materials
When considering raw materials TEEB and the MA focus on fuel, and fibre for
construction (TEEB, n.d.a; MA, 2005). The FAO Forestry Department collects global data
on the production of forest products, based on trade figures (FAOSTAT, 2014). This has
been selected as it tells us something about the benefits derived from raw materials
globally, although not in relation to communities obtaining raw materials from their local
ecosystems. The global production quantity of roundwood only was included in the
analysis, to avoid double counting as other forest products reported are generally derived
from roundwood (FAO Forestry, n.d.). Data was collected less consistently before 2000,
so the analysis presented only incudes data from 2000 onwards.
The FAO also collects data on the production of fuelwood and charcoal, which could be
an indicator for the raw materials benefit local communities obtain. However, the data is
known to be unreliable as many countries do not submit data (Whiteman, Broadhead &
Bahdon, n.d.), and so it has not been selected.
The International Energy Agency (IEA) reports the number of “People relying on
traditional use of biomass for cooking” in their annual World Energy Outlook (WEO),
although the data is not updated every year (IEA, 2014; IEA, 2013; IEA, 2012; IEA, 2006;
IEA, 2004; IEA, 2002). This has been selected as a proxy indicator for access to raw
materials. It provides information about the number of people relying directly on their
local ecosystems for fuel, and can be considered to represent people who do not have
sufficient access to other raw materials, particularly cleaner fuel. Traditional biomass is
defined as “fuelwood, charcoal, agricultural waste and animal dung” (IEA, 2006).
The MA focuses on forest products in relation to raw materials (MA, 2005), therefore
forests are considered to be a related ecosystem type. “Extent of forests and forest types”
is already a BIP indicator for Aichi Target 5, and an MDG indicator. The data is collected
by FAO Forestry (FAO Forestry, 2010), with a new report due to be published in
September 2015 (FAO Forestry, 2012). It has been used here as an indicator of the state of
forests globally.
4.2.3. Fresh water
FAO data on “total renewable water resources per capita” is a useful indicator for trends
in pressure placed on the volume of freshwater available. Data is presented per capita for
each country so population weighted averages were calculated using “total renewable water
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resources” and “population” data from the FAO (FAO, 2013). Water resource data from
2014 was paired with population data from 2013, and included in the analysis as 2013.
The World Health Organisation (WHO) / UN International Children’s Emergency Fund
(UNICEF) Joint Monitoring Programme for Water Supply and Sanitation (JMPWSS)
collects global data on the number and proportion of people with “access to improved
water resources” globally (JMPWSS, 2015b). An improved water resource is defined as one
which is “protected from outside contamination”. It is an MDG indicator, and has been
selected as a fresh water access indicator.
The UNEP holds data about the quality of freshwater from samples tested across the
globe, in the Global Environment Monitoring System (GEMS) database (UNEP, n.d.),
however there is insufficient spatial or temporal coverage to extract information showing
clear global trends over time.
The UNEP is developing a Water Quality Index (WQI) to provide information about the
quality of fresh water in terms of both human health and the biodiversity of aquatic
ecosystems. The WQI is a BIP indicator for Aichi Target 8 (Pollution), but is classed as
inactive as it is still under development (Chenery et al., 2015).
No fresh water state indicators were identified with sufficient data for analysis. Therefore
pressure indicators for water quality have been selected as proxies. The WHO guidelines
for drinking water quality highlight three concerns (WHO, 2011):
•

Pathogens derived from faeces

•

Nitrates from agriculture

•

Pesticides from agriculture.

The MA additionally specifies phosphates from agriculture as a cause of eutrophication
(MA, 2005).
The JMPWSS collects global data on the number of people with access to improved
sanitation facilities globally (JMPWSS, 2015a), defined as facilities which prevent human
contact with human faeces (JMP, n.d.). This is an MDG indicator, used here as a proxy for
the volume of faecal matter entering fresh water systems.
FAO data on “Nitrogen and phosphate fertilisers use” globally (FAOSTAT, 2010) has
been selected as a proxy for the pressure of these nutrients on fresh water. The FAO also
collects data on “Pesticides use”, but there are significant gaps in the spatial coverage and
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so this indicator has not been analysed, although Tittensor et al did extract data from the
FAO on the use of insecticides for Aichi Target 8 (Pollution). The modelled trend and
statistical extrapolation suggested that volumes of pesticide use are not changing
significantly over time, but there is “considerable uncertainty and substantial scatter within
the data” (Tittensor et al., 2014b).
4.2.4. Medicinal resources
“RLI: food and medicine” is a BIP indicator for Target 14, which shows trends in the
threat status of bird, mammal and amphibian species utilised for food and medicine (BIP,
n.d.). Analysis of this index has not been performed for this study as the underlying data is
not publically available, but the information presented by the BIP shows that the threat
status is increasing for all three classes.
The WHO has started to collect data on the “availability of selected generic medicines”
(WHO, 2013b). However, there is currently only a single annual data point available so
trends over time cannot be analysed. No other suitable datasets were identified.
4.2.5. Local climate and air quality
PM2.5 denotes fine particulate matter <2.5 micrometres (µm) in width. Yale University
produces an Environmental Performance Index (EPI) which includes the “Population
weighted exposure to PM2.5” as an indicator of air quality (Yale University, 2012a). This
gives the average exposure per person to PM2.5 in µg/m3 for each country. Population data
from World Bank (World Bank, 2014b) was used to calculate the global population
weighted average exposure each year, with any countries where an exact match could not
be made across the two datasets excluded from the analysis.
WHO air quality guidelines include a suggested threshold of 10 micrograms per cubic
metre of air (µg/m3) for levels of PM2.5 (WHO Europe, 2005). Yale University also collects
data on the “Proportion of the population exposed to a PM2.5 concentration of 10 µg/m3”,
which has been selected as an indicator of access to air quality (Yale University, 2012b).
Again World Bank population data was used to calculate global population weighted
averages.
4.2.6. Moderation of extreme events
The MA focusses on fire and floods as these are “most directly impacted by anthropogenic
activity” (MA, 2005). However TEEB includes a wider range of extreme events in their
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definition, including storms and landslides. The Centre for Research on the Epidemiology
of Disasters (CRED) collects data on the occurrence of natural disasters globally (CRED,
2014a). Occurrence data for fires, floods, storms and landslides has been selected as an
indicator here. The data goes back to 1903, but only data from 1980 has been used in the
analysis, in order to identify more recent trends.
CRED data on the number of people affected by each disaster has been selected as an
access indicator, using the same categories as for the benefit indicator (CRED, 2014b).
Again, only data from 1980 has been included in the analysis.
No specific ecosystems have been identified in relation to fire, but the MA highlights
wetlands, coastal areas, coral reefs, mangrove forests, and sandbars as important for
regulating floods (MA, 2005).
The CBD reported trends in the Wetland Extent Index in the technical report supporting
GBO-4, in relation to Aichi Target 5 (Habitat loss). The underlying data was not available
for this study, but the CBD report clearly shows a downward trend over time (Leadley et
al., 2014).
Mangrove extent data is reported by the FAO (FAO Forestry, 2007). This is also used for
the Coastal Protection rating for the Ocean Health Index (Halpern et al., 2012) and the
BIP indicator “Extent of Marine Habitats” (BIP, n.d.), and has been selected as an
indicator here. The BIP marine habitats indicator also analyses data on coral reef extent,
but the data is not global and from 1985 onwards does not show any conclusive trends
(BIP, n.d.), so has not been selected.
4.2.7. Waste-water treatment
The processes involved in waste-water treatment are complex, making it difficult to
capture relevant global data (MA, 2005). Pressures on waste-water treatment are similar to
pressures on freshwater quality, therefore the FAO data on use of nitrogen and phosphate
fertilisers (FAOSTAT, 2010) and JMPWSS data on access to improved sanitation facilities
(JMPWSS, 2015a) have also been selected as indicators here.
“Improved sanitation facilities” has been selected as a waste-water access indicator
(JMPWSS, 2015a).
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TEEB and the MA both emphasise wetlands as important for waste-water treatment
(TEEB, 2010a; MA, 2005). Therefore the Wetland Extent Index used for moderation of
extreme events is also relevant here.
4.2.8. Erosion prevention and soil fertility
No datasets with sufficient spatial and temporal coverage were identified in relation to soil
fertility. The FAO holds some data on soil fertility and land degradation, including from
the UNEP-funded Global Assessment of Human-induced Soil Degradation (GLASOD),
but data is only available for a single year for each dataset.
CRED data on the occurrence of drought and landslide has been selected as an indicator
of erosion prevention benefits (CRED, 2014a). The corresponding data on the population
affected by drought and landslide provide an indicator for access to erosion prevention
(CRED, 2014b).
Forests are important for erosion prevention (MA, 2005), therefore the forest extent
indicator used for raw materials has been selected here.
4.2.9. Pollination
RLI: pollinators (birds and mammals) is a BIP indicator for Target 14. The underlying data
was not available for this study, but data presented by the BIP clearly shows a declining
trend (BIP, n.d.). It is not clear how access to pollination could be measured, therefore a
lack of indicators for this has not considered a gap.
4.2.10. Biological control
Biological diversity, particularly of cropland, is key for pest control (MA, 2005). Aichi
Target 13 (Safeguarding genetic diversity) is related, but none of the indicators used for
Target 13 are relevant as they relate to ex situ collections.
For disease control, diversity of wildlife has been shown to be correlated with a lower
prevalence of some diseases in some areas (MA, 2005). The RLI for mammals was
therefore considered. It has not, however, been selected as the link to the benefits from
biological control is not sufficiently clear.
Fragmentation of landscape has been linked to increased incidence of vector borne disease
in some cases, as fragmentation leads to a reduction in species diversity (MA, 2005). Aichi
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Target 5 (Habitat loss) has a similar focus, but no relevant indicators have been identified
with sufficient data for global analysis.
Disability Adjusted Life Years (DALYs) are used by the WHO alongside mortality rates to
assess the quality of life lost to disease and disability (WHO, 2013c). DALYs for “parasitic
and vector diseases” have been selected as an indicator here (WHO, 2012).
The prevalence of vector borne disease can be used as an indicator of access to biological
regulation (DALYs show the total disease burden, but prevalence gives a better indication
of how that burden in distributed in the population). The WHO monitors trends in
various diseases, but for most the data is too erratic to show trends. However, WHO data
on the estimated number of malaria cases annually has been selected here as an indicator
of access to biological control (WHO, 2014).
4.2.11. Recreation and physical and mental health
The TEEB definition of this ecosystem service focuses on the impact of access to green
space on physical and mental health (TEEB, n.d.a). All indicators of access to green spaces
identified focused on tourism and have not been selected as the health benefits are derived
from green spaces in the areas where people live. For example, Alcock et al showed that
British people who moved to “greener areas” reported significantly better metal health for
each of the three years following the move. People in the study who moved to less green
areas reported significantly better mental health in the first year following the move, but
then returned to their baseline in subsequent years (Alcock et al., 2014).
Instead, DALYs lost to mental and behavioural diseases has been selected, although this
indicator has only moderate alignment to the framework, as many other factors affect
mental health (WHO, 2012). Additionally, “global average healthy life expectancy
(HALE)” calculated by the WHO, has been selected as a physical health indicator (WHO,
2013a). No access indicators were identified for this ecosystem service.
4.3. Phase 3 – Analyse selected indicators
Table 4.2 sets out the results of the analysis, with each ecosystem service rated as positive,
negative, or no trend, for benefit, access, and state, plus an overall rating incorporating all
three elements.
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Table 4.2 – Final analysis by ecosystem service
Benefit

Access









-

Local climate & air quality N/A





N/A



Moderation of extreme
events

Coastal









Waste-water treatment

Wetlands




















N/A

N/A



N/A




Ecosystem Service

Specific related
ecosystem type

Ecosystem
state

Overall

Provisioning services
Food

Cultivated

Raw materials

Forests

Fresh water

Lakes / rivers

Medicinal resources

N/A




N/A






Regulating services

Erosion prevention & soil
Forests
fertility
Pollination

N/A

Biological control

N/A

Cultural services
Recreation & physical &
mental health

N/A



-

N/A



Aesthetic appreciation &
inspiration

N/A

-

-

N/A

-

Spiritual experience &
sense of place

N/A

-

-

N/A

-

Table 4.3 sets out the results of linear regression analysis for each indicator with more than
three annual data points, where access to the underlying data was available. Analysis for
“Population weighted exposure to PM2.5” and “Occurrence of fires, floods, storms and
landslides” are included twice as, depending on the date range used, analysis finds either a
statistically significant increasing or decreasing trend. These indicators are presented in
table 4.2 as having no trend.
Table 4.4 sets out the results of alternative analysis for the remaining indicators, and
Figures 4.4, 4.5 and 4.6 demonstrate plots of indicators with good fit to the linear
regression, those with statistically significant trends but scatter in the data, and those with
no significant trend.
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Table 4.3 – Results of linear regression

p-values marked with * are not statistically significant
Indicator

Units

Date
range

Linear regression:
Degrees of
freedom

Conclusion

Slope

R2

p-value

Average dietary energy supply adequacy

% of dietary needs
supplied

19912015

23

0.38

0.93

<0.001 Positive trend:
increasing

Prevalence of undernourishment

% of population

19912015

23

-0.32

0.97

<0.001 Positive trend:
decreasing

Agriculture area

% of land area

19802011

30

0.07

0.74

<0.001 Positive trend:
increasing

Production of forest products

1,000,000 m3

20002014

13

17.891

0.56

0.001 Positive trend:
increasing

People relying on traditional use of
biomass for cooking

Million people

20002012

4

23.1

0.94

0.002 Negative trend:
increasing

Extent of forest and forest types

1,000 hectares

19902010

2

-6,780

0.98

0.008 Negative trend:
decreasing

Total renewable water resources per
capita

m3/person/year

19912013

4

-108

0.99

<0.001 Negative trend:
decreasing

Access to improved water resources

% of population

19902015

24

0.60

>0.99

<0.001 Positive trend:
increasing

Access to improved sanitation facilities

% of population

19902015

24

0.59

>0.99

<0.001 Positive trend:
increasing

Nitrogen and phosphate fertiliser use (N
and P205 total nutrients)

Tonnes / 1,000
hectare

20022010

7

2.08

0.89

<0.001 Negative trend:
increasing
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Table 4.3 – Results of linear regression (cont)
Population weighted exposure to PM2.5

µg/m3

20002012

11

0.46

0.75

<0.001 Negative trend:
increasing

Population weighted exposure to PM2.5

µg/m3

20072012

4

-0.11

0.75

0.026 Positive trend:
decreasing

Population exposed to a PM2.5
concentration of 10µg/m3

% of population

20002012

11

-0.137

0.13

0.235 No trend

Occurrence of fires, floods, storms and
landslides

Events

19802014

33

8.06

0.88

<0.001 Negative trend:
increasing

Occurrence of fires, floods, storms and
landslides

Events

20052014

8

-7.564

0.62

0.007 Positive trend:
decreasing

Population affected by fires, floods,
storms and landslides

Million people

19802014

33

3.694

0.23

0.004 Negative trend:
increasing

Mangroves extent

1,000 hectares

19802005

2

-141,457

0.98

0.009 Negative trend:
decreasing

Occurrence of droughts and landslides

Events

19802014

33

0.425

0.17

0.014 Negative trend:
decreasing

Population affected by droughts and
landslides

Million people

19802014

33

-0.138

0.003

Estimated number of malaria cases

1,000 cases

20002013

4

-2,817

0.71

0.036 Positive trend:
decreasing

Average global healthy life expectancy
(HALE) at birth

Years

20002013

1

0.32

>0.99

0.044 Positive trend:
increasing

0.92* No trend
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Table 4.4 – Analysis of indicators where linear regression was not feasible
Indicator

Units

Date
range

Reason for no
regression analysis

Analysis

Red List Index for food and medicine

Index
rating

19802008

No access to underlying
data

Negative trend: Threat levels increasing consistently
(BIP, n.d.)

Wetlands Extent Index

Index
rating

19702010

No access to underlying
data

Negative trend: Wetland extent decreasing
consistently (Leadley et al., 2014)

Red List Index for pollinators (birds and mammals) Index
rating

19882012

No access to underlying
data

Negative trend: Threat levels increasing consistently
(BIP, n.d.)

DALYs from parasitic and vector borne diseases

DALYs

20002012

Only two annual data
points

Positive trend: 37% fewer DALYs lost in 2012 than
in 2000

DALYs from mental and behavioural disorders

DALYs

20002012

Only two annual data
points

Stable trend: 2% more DALYs lost in 2012 than in
2000
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Figure 4.4 – Indicators with good fit to linear regression

Figure 4.5 – Indicators with statistically significant trends and scatter in the data

Figure 4.6 – Indicators with no statistically significant linear regression
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5. Discussion
5.1. Aims and objectives
Three objectives were set for this study, to meet the aim of moving towards a more
complete assessment of progress towards Aichi Target 14:
1. Develop a framework against which to identify and assess indicator sets for measuring
progress towards Target 14
2. Select a set of indicators aligned to the framework
3. Demonstrate how the indicators selected can be analysed to assess progress towards
Target 14.
5.2. Target 14 indicator framework
The Target 14 indictor framework (figure 4.2) fills a gap in previous work to assess
progress. It enables identification of indicators, assessment of the alignment of an indicator
set to the target, and identification of gaps in available data. It allows different approaches
to measuring progress to be defined by utilising different elements of the framework, for
example by only considering the specific ecosystems depended upon by local communities,
or benefit indicators for each ecosystem service. There is scope for the framework to be
further developed, as it has two key limitations: no consideration of livelihoods derived
from ecosystems, and no explicit consideration of the needs of “women, indigenous and
local communities and the poor and vulnerable” as prioritised by the target.
Target 14 requires the safeguarding of “ecosystems that contribute to health, livelihoods
and well-being”, but contribution to livelihoods has been specifically excluded to reduce
complexity. Livelihoods derived from local ecosystems are important in terms of cultural
identity and sense of place as well as a means of support, therefore capturing this benefit
within the framework is an important next step.
Women, indigenous people and local communities are known to be disproportionately
poor and vulnerable (FAO, n.d.; World Bank, 2014a; IFAD, 2011). The access indicators
used in this study attempt to take their needs into account, as those with insufficient access
to ecosystem services are likely to be those considered to be poor and vulnerable.
However this could be taken further as the differing needs of specific groups have not
been taken into account.
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If global datasets were available for the specific ecosystems depended upon by local
communities, much of the potential bias could be eliminated. For example, cultural values,
and dependence on ecosystems for livelihoods, could be taken into account in determining
which ecosystems to include.
5.3. Selection of indicators
21 global indicators were selected for analysis, a significantly larger set than used in
previous analysis. Although having too many indicators in a set can make it difficult to
communicate the results (Bubb et al., 2011), for a target with such a broad scope this
number does not seem excessive. Multiple indicators were only included for a single
element of the framework where they each describe a different aspect (e.g. both mangrove
and wetland extent for “moderation of extreme events” state indicators), so there is no
duplication in the information provided by each indicator.
The indicators used by GBO-4 used can all be categorised as state indicators or national
level response indicators (table 5.1), whereas the BIP and Tittensor et al (2014) concentrate
on benefit and access indicators (table 5.2). The Ocean Health Index (OHI) can either be
considered as an ocean state indicator, or some of the individual “public goals” which
make it up can be considered as benefit indicators (OHI, n.d.). The only indicator to be
analysed by Tittensor et al for Target 14 was the Red List Index for Pollinators, which is
also a BIP indicator.

Table 5.1 – GBO-4 Target 14 indicators
Target 14 Framework

GBO-4 Indicators

State

Sub-global Assessments (e.g. UK National Ecosystem
Assessment)

By ecosystem type

Ocean Health Index
Decline of Arctic sea ice
Response By reliance on
ecosystem by target
groups

Country level actions to safeguard ecosystems providing
essential services
National targets explicitly addressing the global target
Mention of the needs of women, indigenous and local
communities and the poor and vulnerable being taken into
account in the 5th National Reports
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Table 5.2 –Tittensor et al (2014) and BIP Target 14 indicators
Indicators suggested, but not analysed, by Tittensor et al (2014) are marked with an *. All other
indicators are listed by the BIP. RLI: Pollinators was both analysed by Tittensor et al and listed by
the BIP.

Food

Benefit Indicators

Access Indicators

RLI: Food & Medicine

Access to Food & Medicine

OHI: Food Provision

Inadequate Access to Food *

Nutrition Indicators for Biodiversity

Food Price Volatility *

Irrigated Crop Area *
Food Price Variability *
Raw materials

OHI: Natural Products
Forest Products *

Fresh water

Inland Water Resources *

Medicinal resources

RLI: Food & Medicine

Access to Food & Medicine

Moderation of extreme
events

OHI: Coastal Protection

Population at Risk *

Pollination

RLI: Pollinators

Spiritual experience and
sense of place

OHI: Sense of Place

Human well-being

Health & well-being of communities
directly dependent on ecosystem
goods & services

This study incorporates both approaches as a mix of benefit, access, and state indicators
was selected. Response indicators have not been selected here, partly as they do not
translate easily to the global level, but also as there is a risk of relying too heavily on
response indicators as it is unknown how successful they will be. It is, however, politically
important for GBO-4 to include them in order to recognise national efforts.
5.4. Analysis of selected indicators
An overall positive trend was only found for three of the ecosystem services (table 5.3),
whilst an overall negative trend was found for five, suggesting that as a whole we are
moving away from Target 14. This assumes that equal weight should be given to each
ecosystem service, which seems to be a reasonable approach given they have all been
categorised as ‘essential’.
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Table 5.3 – Overall ratings for each ecosystem service
Positive trend

No trend

Negative trend

No indicators







-

•

Food

•

Fresh water

•

Raw materials

•

Biological control

•

•

•

Recreation &
physical & mental
health

Local climate
& air quality

Medicinal
resources

•

Waste-water
treatment

•

Moderation of
extreme events

•

Erosion
prevention & soil
fertility

•

Pollination

•

Aesthetic
appreciation &
inspiration

•

Spiritual experience
& sense of place

This broadly agrees with the GBO-4 assessment which concluded (SCBD, 2014):
•

“no significant overall progress” in relation to the safeguarding and restoration of
ecosystems which provide essential ecosystem services

•

“moving away from the target” in relation to taking the needs of local communities
into account.

However, this study found a higher proportion of ‘positive trend’ ratings for access (50%
of ratings given) than for benefits (36%) or states (17%) (figure 5.1), which is in contrast to
GBO-4 as the ratings of this study suggest some improvement towards meeting the needs
of local communities, but a movement away from the target in relation to safeguarding and
restoration. Reasons for this discrepancy may be that:
•

GBO-4 has given weight to responses being taken now that have not yet had an
impact on ecosystem state

•

Under the methods used for this study, a positive trend for access is achievable even
while the underlying ecosystems are being degraded (e.g. malaria cases can be reduced
through the distribution of mosquito nets), whereas more emphasis may have been
placed on the ecosystems themselves within GBO-4.
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Figure 5.1 – Final ratings by Target 14 indicator framework element

5.5. Interpretation of results
There is a clear pattern that all the indicators with a positive trend are important for
development (e.g. access to sufficient food and clean water) (see tables 4.3 and 4.4 for
results of analysis for each indicator). They are also generally easily understandable, cause
obvious problems quickly when they decline, and have known methods for addressing
them that don’t necessarily depend on ecosystem health (e.g. distributing mosquito nets to
prevent disease). However, ecosystem services with an overall negative rating are generally
those with a less immediate effect on well-being. For example, reduced mangrove extent
can lead to more severe impacts from extreme weather events (FAO Forestry, 2007).
This pattern supports the following suggested explanations discussed by Raudsepp-Hearne
et al for the “environmentalist’s paradox”: that human well-being is increasing despite
degradation of ecosystems (Raudsepp-Hearne et al., 2010):
•

“Well-being is dependent on food services, which are increasing, and not on other
services which are decreasing”

•

“Technology has decoupled well-being from nature”

•

“Time lags may lead to future declines in well-being”

The only ecosystem shown to be increasing in extent is agriculture. Whilst this may be
considered a positive trend when considering food in isolation, increased agricultural
extent must be matched by a reduction in other ecosystems, and may therefore contribute
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to decline in other ecosystem services. The underlying data for “average dietary energy
supply adequacy” estimates that for 2014-16 enough food is being produced to meet 123%
of the global population’s dietary energy needs, and this figure has been increasing steadily
since 1990-92, despite population increases. Therefore there may be some merit in curbing
agricultural expansion.
Regulating and cultural services are less well understood, meet less directly obvious human
needs, and may be harder to replace in the absence of the ecosystems that provide them
(e.g. pollination of crops, cultural sense of identity tied to the land). This puts the
ecosystems providing such benefits at particular risk. As understanding of regulating
services increases more data will become available to help measure the benefits. For
example, the FAO are developing a database to hold information on pollination and
pollinators (FAO, 2015). However, it will take time to generate sufficient data to identify
trends through time, and resources will only be made available where there is clear utility
from the results (Bubb et al., 2011).
5.6. Limitations of analysis
The statistical analysis of the datasets was deliberately simple due to levels of uncertainty
within the data. No benchmarks or desirable thresholds have been identified against which
to assess performance, a limitation raised by Tittensor et al (2014b). This significantly
limits the usefulness of the results as an indicator moving slowly in the right direction
would be shown as a positive trend, even it is far from a desirable threshold. Additionally,
this analysis does not give any indication as to the sustainability of the trends identified.
For two indicators the date range analysed had a profound effect on the results.
Calculating a linear regression for “Population weighted exposure to PM2.5” using data
from 2000 to 2012 gives a statistically significant slope of 0.46µg/m3, indicating an increase
in average levels of air pollution. However, it is clear that the majority of this increase
occurred before 2007 (figure 5.2), and when the same analysis is carried out using data
from 2007 to 2012, linear regression gives a statistically significant slope of -0.1µg/m3.
This shows a decrease over time, although at a lower rate than the prior increase. The
approach taken by Tittensor et al (2014a) to fit statistical models and forecast levels at
2020, would be a more powerful analysis of this type of data. A similar effect was seen for
“occurrence of fires, floods, storms and landslides” (figure 5.3).
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Figure 5.2 – “Population weighted exposure to PM2.5” with linear regression

Figure 5.3 – “Occurrence of fires, floods, storms and landslides” with linear regression

5.7. The way forward
Recommended next steps to take this study forward:
•

Develop methods for assessing benefits from livelihoods dependent upon ecosystems,
and cultural ecosystem services

•

Determine benchmarks or thresholds for each dataset to enable more powerful
conclusions to be drawn

•

Refine the methods for combining indicators to calculate the overall ratings for each
ecosystem service, and develop further to calculate a single rating to communicate
progress towards Target 14.
5.8. Conclusion

Creation of the Target 14 indicator framework has enabled selection of a more complete
set of indicators than previously used to assess progress towards Aichi Target 14. Analysis
of these indicators supports previous conclusions that at best we are not making progress
towards the target, and may even be moving away from it. The pattern of positive and
negative trends within the indicator set highlights the ‘environmentalist’s paradox’, that
human well-being is increasing, together with access to services such as fresh water and
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disease prevention, despite the degradation of the ecosystems which underpin those
services. Negative trends in ecosystem services such as moderation of extreme events,
draw attention to the risk that the paradox may not hold true forever. Only an increased
understanding of the interaction between ecosystem services and their underlying
ecosystems will reveal whether or not this is the case. For now, it would wise to step up
efforts to preserve ecosystem health, rather than betting on the paradox continuing
indefinitely.
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Appendix A – Assessment of ecosystem service conceptual frameworks
Framework

Clearly defined component for:
Responses

Pressures

States
(Ecosystems):

Benefits:
Ecosystem
Human
services
well-being

MA
conceptual
framework
(MA, 2003)

Indicates
where
‘Strategies
and
interventions’
may impact
the main
components

‘Indirect
drivers of
change’ and
‘Direct
drivers of
change are
main
components

‘Life on Earth Biodiversity’
surrounds
‘ecosystem
services’ as a
main
component

TEEB
conceptual
framework
(TEEB,
2010b)

‘Governance
and decision
making’ is a
main
component

‘Direct
drivers’,
‘Indirect
drivers’ and
‘External
drivers’ are
main
components

‘Ecosystems
‘Services’ is a
and
main
biodiversity’ is a component
main
component

‘Ecosystem
services’ is
placed within
‘ecosystems’
as a main
component

Linkages
aligned to
RPSB
framework

Relevance
to global
scale

Ease of
use

Conclusion

‘Human
well-being
and poverty
reduction’ is
a main
component

Similar, but
responses are
shown as
acting on the
linkages
rather than as
a separate
component

Explicitly
refers to
global scale

Clearly laid
out and easy
to
understand

Not selected
as responses
are not
aligned to
RPSB
framework

‘Human
well-being’
is a main
component

Linkages
mirror those
of the RPSB
framework

Intended to
be applied at
a range of
scales,
including the
global scale

Clearly laid
out and easy
to
understand

Selected as
most closely
aligned to
RPSB
framework
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Assessment of ecosystem service conceptual frameworks (cont)
Framework

Clearly defined component for:
Benefits:
Ecosystem
Human
services
well-being

Linkages
aligned to
RPSB
framework

Relevance
to global
scale

Ease of
use

Conclusion

Responses

Pressures

States
(Ecosystems):

Framework
for integrated
assessment
of
ecosystems
and
landscape
services (de
Groot et al.,
2010)

Responses are
a key focus.
‘Planalternatives &
Design’,
‘Financing
mechanisms’
and
‘Management
instruments’
are main
components

Pressures are
not defined as
separate from
responses

‘Ecosystem and
landscape
properties’ is a
main
component

‘Ecosystem/
Landscape
Functions
(incl goods &
services)’ is a
main
component

No explicit
component.
Part of
‘Values
(ecological,
culture, and
economic)

No

Designed
with a focus
on landscape
management
so less
relevant to
global scale

Clearly laid
out and
reasonably
easy to
understand

Not selected
as doesn’t
align to
RPSB
framework,
and not
designed to
be used at
the global
scale

UK NEA
(UK NEA,
2011)

‘Social
feedbacks,
institutional
interventions
and
responses’ are
shown as a
link between
two main
components

‘Drivers of
change (direct
and indirect)’
is a main
component

‘Ecosystems’
surrounds
‘ecosystem
services’ as a
main
component

‘Ecosystem
services’ is
placed within
‘Ecosystems’
as a main
component.
‘Goods’ is
another main
component

‘Human
well-being’
is a main
component

Similar, but
responses are
shown as a
linkage rather
than as a
separate
component

Doesn’t
explicitly
mention
spatial scale,
but designed
to be used
for the UK

Clearly laid
out and easy
to
understand

Not selected
as not quite
aligned to
RPSB
framework,
and designed
to be used at
the national
scale
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Assessment of ecosystem service conceptual frameworks (cont)
Framework

Clearly defined component for:
Benefits:
Ecosystem
Human
services
well-being

Linkages
aligned to
RPSB
framework

Relevance
to global
scale

Ease of
use

Conclusion

Responses

Pressures

States
(Ecosystems):

MAES (EU,
2013)

‘Response’ is
a key element
of ‘socioeconomic
systems’ –
one of the
two main
components

‘Drivers of
change’ is
shown as a
link between
the two main
components

‘Ecosystems’ is
one of the two
main
components

‘Ecosystem
services’ is
shown as a
link between
the two main
components

‘Human
well-being’
is a key
element of
‘socioeconomic
systems’ –
one of the
two main
components

Similar, but
less
immediately
clear than in
other
frameworks

Doesn’t
explicitly
mention
spatial scale

Reasonably
clearly laid
out and easy
to
understand

Not selected
as not as
clearly
aligned to
RPSB as
other
frameworks

IPBES (Díaz
et al., 2015)

‘Institutions
and
governance
and other
indirect
drivers’ is a
main
component

‘Direct
drivers’ is a
main
component

‘Nature’ is a
main
component

‘Nature’s
benefits to
people’ is a
main
component

‘Good
quality of
life’ is a
main
component

Linkages
mirror the
RPSB, with
additional
linkages
between the
main
components

Intended to
be applied at
a range of
scales,
including the
global scale

Clearly laid
out and easy
to
understand

Second
choice after
TEEB, but
responses
and pressures
are less
clearly
separated in
IPBES
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Assessment of ecosystem service conceptual frameworks (cont)
Framework

EPPS
framework
(Bastian et
al., 2013)

Clearly defined component for:
Responses

Pressures

Responses are
included
within the
framework,
but not as a
single
component

Pressures are
included
within the
framework,
but not as a
single
component

States
(Ecosystems):
‘Properties
(structures,
components,
processes,
fluxes)’ is a
component

Benefits:
Ecosystem
Human
services
well-being
‘Services’ is a
central
component

‘Valuation
level
(human
perspective)’
is an aspect
of the
framework

Linkages
aligned to
RPSB
framework

Relevance
to global
scale

Ease of
use

Conclusion

Responses
and pressures
are not
clearly
distinguished

Designed
with a focus
on the local
or regional
scale so less
relevant to
global scale

Reasonably
clearly laid
out and easy
to
understand

Not clearly
aligned to
RPSB, and
less
applicable to
the global
scale
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Appendix B – Human well-being frameworks aligned to ecosystem services
Ecosystem
Services (MA)

Ecosystem
Services (TEEB)

MA well-being framework

UNDP Human
Development Index

Theory of Need

Conclusion

Food

Ability to access resources to earn
income and gain a livelihood

A long and healthy life

Physical health

Essential

Provisioning
Food

Fibre

Raw materials

Ability to be adequately nourished

Adequate nutritional
food and water

Ability to be free from avoidable
disease

Economic security

Ability to live in an
environmentally clean and safe
shelter

Having a decent
standard of living

Adequate protective
housing

Fuel

Ability to reduce vulnerability to
ecological shocks and stress

Physical security

Genetic resources

Ability to access resources to earn
income and gain a livelihood

Economic security

Ornamental
resources

Ability to have energy to keep
warm and cool

Essential
Particularly fibre and fuel
from the MA list of services.

59

Human well-being frameworks aligned to ecosystem services (cont)
Ecosystem
Services (MA)

Ecosystem
Services (TEEB)

MA well-being framework

UNDP Human
Development
Index

Theory of Need

Conclusion

Fresh water

Fresh water

Ability to be free from avoidable
disease

A long and healthy
life

Physical health

Essential

Ability to have adequate and clean
drinking water

Adequate nutritional food and
water
Non-hazardous physical
environment

Biochemicals,
natural medicines,
and
pharmaceuticals

Medicinal
resources

Ability to access resources to earn
income and gain a livelihood

A long and healthy
life

Ability to be free from avoidable
disease

Physical health

Essential

Appropriate healthcare
Safe birth control and child
bearing

Regulating
Air quality
regulation

Water regulation

Climate regulation
(local)

Local climate and
air quality

Ability to live in an environmentally
clean and safe shelter

A long and healthy
life

Physical health

Ability to reduce vulnerability to
ecological shocks and stress

Adequate protective housing

Ability to be free from avoidable
disease

Non-hazardous work
environment

Ability to have clean air

Non-hazardous physical
environment

Ability to have energy to keep warm
and cool

Physical security

Essential
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Human well-being frameworks aligned to ecosystem services (cont)
Ecosystem
Services (MA)

Ecosystem
Services (TEEB)

Climate regulation
(global)

Carbon
sequestration and
storage

Natural hazard
regulation

Moderation of
extreme events

MA well-being framework

UNDP Human
Development
Index

Waste-water
treatment

Conclusion

Not directly
essential, and
covered by Target
15, so don’t
consider for
Target 14
Ability to live in an environmentally
clean and safe shelter

A long and healthy
life

Non-hazardous work
environment

Ability to reduce vulnerability to
ecological shocks and stress

Having a decent
standard of living

Non-hazardous physical
environment

Ability to have energy to keep warm
and cool
Water purification
and waste
treatment

Theory of Need

Ability to live in an environmentally
clean and safe shelter
Ability to be free from avoidable
disease

Essential

Security in childhood
Physical security
A long and healthy
life

Physical health

Essential

Non-hazardous physical
environment

61

Human well-being frameworks aligned to ecosystem services (cont)
Ecosystem
Services (MA)

Ecosystem
Services (TEEB)

MA well-being framework

UNDP Human
Development
Index

Theory of Need

Conclusion

Erosion regulation

Erosion
prevention and
maintenance of
soil fertility

Ability to live in an environmentally
clean and safe shelter

A long and healthy
life

Non-hazardous work
environment

Essential

Having a decent
standard of living

Non-hazardous physical
environment

Ability to reduce vulnerability to
ecological shocks and stress
Ability to access resources to earn
income and gain a livelihood
Ability to be adequately nourished

Pollination

Pollination

Ability to access resources to earn
income and gain a livelihood

Physical security
A long and healthy
life

Ability to be adequately nourished
Disease regulation

Pest regulation

Biological control

Ability to live in an environmentally
clean and safe shelter

Ability to be free from avoidable
disease

Adequate nutritional food and
water

Essential

Economic security
A long and healthy
life

Physical health

Essential

Non-hazardous work
environment

Might be worth
considering
disease and pest
regulation
separately

Non-hazardous physical
environment
Physical security
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Human well-being frameworks aligned to ecosystem services (cont)
Ecosystem
Services (MA)

Ecosystem
Services (TEEB)

MA well-being framework

UNDP Human
Development
Index

Theory of Need

Conclusion

Habitat or supporting services (TEEB)
N/A

Habitats for
species

Not directly
essential, and
covered by
Targets 5-11, so
don’t consider for
Target 14

N/A

Maintenance of
genetic diversity

Not directly
essential, and
covered by
Targets 13 and
16, so don’t
consider for
Target 14

Cultural services
Social relations

Recreation

Recreation and
mental and
physical health

Opportunity to express aesthetic and
recreational values associated with
ecosystems
Opportunity to observe, study, and
learn about ecosystems

A long and healthy
life

Physical health

Essential

Mental health
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Human well-being frameworks aligned to ecosystem services (cont)
Ecosystem
Services (MA)

Ecosystem
Services (TEEB)

MA well-being framework

UNDP Human
Development
Index

Theory of Need

Conclusion

Ecotourism

Tourism

Ability to access resources to earn
income and gain a livelihood

Having a decent
standard of living

Economic security

Essential where
relied upon as a
livelihood, but
this definition of
essential has been
deliberately
excluded from
the scope of this
study

Cultural diversity

Aesthetic
appreciation and
inspiration for
culture, art and
design

Opportunity to express aesthetic and
recreational values associated with
ecosystems

Having a decent
standard of living

Mental health

Essential

Spiritual
experience and
sense of place

Opportunity to express cultural and
spiritual values associated with
ecosystems

Having a decent
standard of living

Mental health

Essential

Inspiration
Aesthetic values
Cultural heritage
values
Spiritual and
religious values
Knowledge
systems
Educational values
Sense of place
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Human well-being frameworks aligned to ecosystem services (cont)
Ecosystem
Services (MA)

Ecosystem
Services (TEEB)

MA well-being framework

UNDP Human
Development
Index

Theory of Need

Conclusion

Supporting Services (MA)
Soil Formation
Photosynthesis
Primary
production
Nutrient cycling
Water cycling

Not directly
essential to
human wellbeing.
Essential for
other ecosystem
services, but
don’t consider
separately for
Target 14
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Appendix C – Assessment of selected indicators against the selection criteria
Responsible
organisation

Indicator

Alignment
to Target
14
framework

Ability of
data to
reflect
trends

Reputation
of
organisation

Scientific
rigour of
methods

Date
range

Number
of annual
data
points

Spatial
range

Likely
continuation
of data
collection

FAO

Average dietary energy
supply adequacy

Good

Good

Good

Moderate

Good

Good

Good

High

FAO

Prevalence of
undernourishment

Good

Good

Good

Moderate

Good

Good

Good

High

FAO

Agriculture area as a %
of land area

Good

Moderate

Good

Moderate

Good

Good

Good

High

FAO

Production of forest
products

Moderate

Moderate

Good

Moderate

Good

Good

Good

High

IEA

People relying on
Poor
traditional use of biomass
for cooking

Poor

Good

Moderate

Good

Moderate

Good

High

FAO

Extent of forest and
forest types

Moderate

Moderate

Good

Good

Moderate

Moderate

Good

High

FAO

Total renewable water
resources per capita

Good

Good

Good

Moderate

Good

Good

Moderate

Moderate

JMPWSS

% of population with
access to improved water
resources

Moderate

Moderate

Good

Good

Good

Good

Good

High
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Assessment of selected indicators against the selection criteria (cont)
Responsible
organisation

Indicator

Alignment
to Target
14
framework

Ability of
data to
reflect
trends

Reputation
of
organisation

Scientific
rigour of
methods

Date
range

Number
of annual
data
points

Spatial
range

Likely
continuation
of data
collection

JMPWSS

% of population with
access to improved
sanitation facilities

Moderate

Fresh water:
Poor

Good

Good

Good

Good

Good

High

FAO

Nitrogen and phosphate
fertiliser use (N and P205
total nutrients)

Moderate

Poor

Good

Moderate

Moderate

Good

Good

Moderate

Yale

Population weighted
exposure to PM2.5

Good

Good

Good

Good

Good

Good

Good

High

Yale

Proportion of the
population exposed to a
PM2.5 concentration of
10µg/m3

Good

Good

Good

Good

Good

Good

Good

High

CRED

Occurrence of fires,
floods, storms and
landslides

Good

Moderate

Good

Moderate

Good

Good

Good

High

CRED

Population affected by
fires, floods, storms and
landslides

Good

Moderate

Good

Moderate

Good

Good

Good

High

FAO

Mangroves extent

Good

Moderate

Good

Good

Poor

Moderate

Good

Moderate

CRED

Occurrence of droughts
and landslides

Good

Moderate

Good

Moderate

Good

Good

Good

High

Waste-water:
Moderate

67

Assessment of selected indicators against the selection criteria (cont)
Responsible
organisation

Indicator

Alignment
to Target
14
framework

Ability of
data to
reflect
trends

Reputation
of
organisation

Scientific
rigour of
methods

Date
range

Number
of annual
data
points

Spatial
range

Likely
continuation
of data
collection

CRED

Population affected by
droughts and landslides

Good

Moderate

Good

Moderate

Good

Good

Good

High

WHO

DALYs lost to parasitic
Good
and vector borne diseases

Good

Good

Moderate

Good

Poor

Good

Moderate

WHO

Estimated number of
malaria cases

Moderate

Poor

Good

Moderate

Good

Good

Good

High

WHO

Average global healthy
life expectancy (HALE)
at birth

Moderate

Poor

Good

Good

Good

Moderate

Moderate

High

WHO

DALYs lost to mental
and behavioural
disorders

Moderate

Poor

Good

Moderate

Good

Poor

Good

Moderate
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Appendix D – Indicators considered and rejected
Indicator

Reason for rejection

Food
Nutrition indicators for biodiversity (food
composition and food consumption)

Insufficient data, and insufficient alignment to
Target 14 Framework

Ocean Health Index: Food Provision

More complete indicator for food provision
used

Domestic food price volatility

Insufficient alignment to Target 14
Framework

Per capita food variability

Insufficient alignment to Target 14
Framework

Area of agricultural ecosystems under
sustainable management

Insufficient data to detect trends

Red List Index for food and medicine

Insufficient alignment to Target 14
Framework

Raw materials
Ocean Health Index: Natural Products

Insufficient alignment to Target 14
Framework

FAO: Fuelwood production

Unreliability of data

Area of forest under sustainable management

Insufficient data to detect trends

Forest Fragmentation

Insufficient data to detect trends

Fresh water
FAO: Renewable inland water resources per
capita (long term annual average)

Insufficient data to detect trends (single data
point)

FAO: Proportion of total water resources used

Insufficient consistent global coverage of data

GEMStat: Water Quality Index for
biodiversity

Insufficient data

Cholera cases reported to the WHO

Unreliability of data

FAO: Use of pesticides

Insufficient consistent global coverage of data

FAO: Area salinized by irrigation

Insufficient data

FAO: Population affected by water related
diseases

Insufficient data

Medicinal resources
Availability of selected medicines

Insufficient data

Implementation of FairWild standard

Insufficient data
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Indicators considered and rejected (cont)
Indicator

Reason for rejection

Local climate and air quality
WHO’s Ambient Air Pollution database

More complete air quality indicator used (this
data is mostly from urban locations)

People relying on traditional biomass for
cooking

More complete air quality indicator used

Moderation of extreme events
Ocean Health Index: Coastal Protection

Use of some underlying data (mangroves
extent) instead of composite index

Erosion prevention and soil fertility
Global Land Degradation Information System

Insufficient data

Pollination
International Pollinators Initiative

Still in information gathering stage

Biological control
Prevalence of dengue fever

Data not smooth enough to detect underlying
trends

Prevalence of yellow fever

Data not smooth enough to detect underlying
trends

Red List Index for mammals

Insufficient alignment to Target 14
Framework.
Considered as the MA cites evidence that
greater diversity of small mammals in some
areas reduces the incidence of some diseases
(MA, 2005)
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