CO

NAIAD

“NAture Insurance value: Assessment and
Demonstration”

NAIAD

SC5-09-2016 Operationalising insurance value of ecosystems
Grant Agreement n2 730497

Deliverable 5.8

Using System Thinking for Integration: An approach to assess the contribution
of Nature Based Solutions to Sustainable Development Goals

Due date of deliverable: 30/09/2019
Actual date of submission: 23/10/2019
Date of revised deliverable submission: 10/10/2020

Start date of project: 01-12-2016

Duration: 45 months

Name of partner responsible for deliverable: HZG

Authors: Eulalia Gdmez Martin, Raffaele Giordano, Peter v.d Keur, Alessandro Pagano and Maria Mafiez
Costa. (2020): “DELIVERABLE 5.8”. EU Horizon 2020 NAIAD Project, Grant Agreement N°730497.

Dissemination Level
PU | Public

CO | Confidential, only for members of the consortium (including the Commission Services) X

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No 730497.

The opinions expressed in this document reflect only the author’s view and in no way reflect the European
Commission’s opinions. The European Commission is not responsible for any use that may be made of the
information it contains.

»¥x

x ¥
¥ *
X

x
¥y ¥




D5.8 Using System Thinking for Integration:
An approach to assess the contribution of Nature Based Solutions

e AAD GA e 720497 NAIAD

EDITION INFORMATION

Table 1: Versions

VERSION EDITION DATE MODIFICATION WRITTEN BY CONTROLLED BY
1 23/10/2019 FIRST EDITION EULALIA GOMEZ DELTARES UND
MARTIN ET AL. GEOECOMAR
2 01/04/2020 SECOND EDITION GOMEZ MARTIN
ET AL.
3 09/10/2020 THIRD EDITION MMC VM
4 10/10/2020 SUBMIT TO THE EC Cco

NAIAD - D5.8 2



D A e 730407 NAIAD
INDEX
EXECUTIVE SUMMARY ..ottt ettt sttt ettt st sttt sb e sbe e sbe e smee st e ebeesbeesaeesanesane 4
O T o Yo [¥ Tt d o o O OO U TSP PPRR PP 5
2. ReSEArch and MethodS. .....co.ui ittt ettt 8
R 0= 1Y I U T 1Y PP 8
2.2. Participatory modelling Phase .....cc.ueeiieciiii it 10
2.2. Group Model Building: FCM development ..........ccueeeieciieeecciiee e eectveee et eveee e 13
D S O \V/ - s F=Y 1Y £ PSRN 17
B RESUIES ettt b e bt bt sttt et e e be e she e sae e st e e b e e b e e nbeeaaees 18
3.1. Qualitative analysis OFf FCIM .......ccoiciiiiiiiiee ettt e e et e e s bae e e e sbaeeeeeans 18
3.2. Semi-quantitative analysis of the dynamic behaviour of co-benefits..........ccccvvveeerennnni. 21
3.3. Sustainable development g0als aNalysiS.......ccceeieciiiiieciiee e 28
4. DiscusSion and CONCIUSION ......couuiiiiiieeite ettt ettt be e s 31
ST 0] (=T =T o [ol TSP P PP PSR 34
6. ANNEX A Lo 39
ToANNEX B i 40

NAIAD - D5.8 3

D5.8 Using System Thinking for Integration: ‘ y ]
An approach to assess the contribution of Nature Based Solutions \



D5.8 Using System Thinking for Integration: ‘ y ]
An approach to assess the contribution of Nature Based Solutions \

e AAD GA e 720497 NAIAD

EXECUTIVE SUMMARY

Climate change and the overexploitation of natural resources increase the need to integrate
sustainable development policies at both national and international levels to fit the demands of
a growing population. In 2015 the United Nations (UN) developed the 2030 Agenda for
sustainable development with the aim of eradicating extreme poverty, reducing inequality and
protecting the planet. The Agenda 2030 highlights the importance of biodiversity and the well-
functioning of ecosystems to maintain economic activities and the well-being of local
communities. Nature Based Solutions (NBS) support biodiversity conservation and the
functioning of ecosystems. NBS are increasingly been seen as innovative solutions to manage
water-related risks while transforming natural capital into a source of green growth and
sustainable development. In this context, NBS could potentially contribute to the achievement
of several Sustainable Development Goals (SDGs) by promoting the delivery of bundles of
ecosystem services together generating various social, economic and environmental co-
benefits. However, to obtain the full potential of NBS, it is necessary to recognize the trade-offs
and synergies of the co-benefits associated with their implementation. In this direction, we have
adopted a system perspective and a multi-sectoral approach to analyse the potential of NBS to
deliver co-benefits at the same time that the negative effects of water-related hazards are
reduced. Using the case study of Copenhagen, we have analysed the relationships between the
co-benefits associated with the scenario of the restoration of the Ladegaardsaa urban river. Our
hypothesis is that enhancing the understanding of the social, economic and environmental
factors for the system, mutual influences and trade-offs, can improve the decision-making
process and thereby enhance the capability of NBS to contribute to the achievement of the
SDGs.

Highlights:

e Evidences regarding the contribution of NBS to SDGs are needed.

e Understanding the dynamic evolution of trade-offs and synergies across co-benefits
may facilitate synergism management and thus, NBS multifunctionality may be
enhanced. This could lead to increased adaptive capacity of NBS for addressing SDGs.

e Engaging stakeholders in the first stages of NBS design and implementation is key to
enhance NBS effectiveness.

Keywords: Nature Based Solutions; SDGs; co-benefit; trade-off analysis; Fuzzy Cognitive Map;
Participatory Modelling.
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1. Introduction

Climate change and the overexploitation of natural resources have increased the need to
integrate sustainable development policies at both national and international levels to fit the
demands of a growing population (Colglazier, 2015). The potential contribution of ecosystems
for dealing with societal challenges has been increasingly emphasized in the frame of global
agendas such as the Sendai Framework for Disaster Risk Reduction (United Nations, 2015), the
Strategic Plan for Biodiversity (Secretariat of the Convention on Biological Diversity, 2010) or the
2030 Agenda for Sustainable Development. The latter, was agreed in 2015 by the United Nations
with the aim of eradicating extreme poverty, reducing inequality and protecting the planet. The
agenda contains 17 Sustainable Development Goals (SDGs) which are areas of intervention that
are needed to achieve sustainable development (Colglazier, 2015). It strongly stresses the
importance of sustainable management of natural resources and the well-functioning of
ecosystems to maintain economic activities and the well-being of local communities. Indeed,
biodiversity and ecosystems predominate directly in many of the SDGs and their associated
targets. For example, SDG 14 highlights the importance of protecting oceans, seas and marine

resources to achieve sustainable development (Faivre et al., 2017).

To accomplish the 2030 Agenda, new initiatives and strategies aiming at enhancing and
protecting ecosystems and their services have become the core of action to be developed i.e.
Ecosystem-based Adaptation, Green Infrastructure, Ecosystem-based Disaster-Risk Reduction
or Natural Water Retention Measures (Faivre et al., 2017; Munang et al., 2013; Schéffler and
Swilling, 2013; Cohen-Shacham et al., 2016). Among all these approaches, the concept of Nature
Based Solutions (NBS) is being increasingly seen as a key component in the mainstreaming of
nature in development of policies and actions. The term NBS is often used as an umbrella
concept, embedding a wide range of conservation and sustainability measures (Seddon et al.,
2019). NBS are defined by the European Commission as:” ..living solutions inspired by,

continuously supported by and using nature, which are designed to address various societal
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challenges in a resource-efficient and adaptable manner and to simultaneously provide
economic, social, and environmental benefits” (Maes and Jacobs, 2017). This definition
highlights the importance of natural capital in the process of building a sustainable society
supported by a green economic system. The key characteristic of NBS is their capability to be
multi-functional, which means the ability to simultaneously perform multiple functions to
deliver a set of associated ecosystem services (ES). The premise of the NBS approach is that
enhancing and protecting certain ecosystems may buffer the unfavourable impacts of climate
change while providing multiple environmental, economic and social co-benefits. For example,
green alleys or tree planting have proven to be an effective approach to manage storm-water
by retention and subsequent evaporation or infiltration while at the same time provide multiple
co-benefits, such as groundwater recharge, urban heat island reduction, and expanded wildlife
habitat (Newell et al., 2013). Socio-ecological systems, in which NBS usually are implemented,
are dynamically complex governed by non-linearities, feedback loops and multiple
interconnexions constantly changing over time (Nuno et al., 2014). Different policy interventions
or management regimes may directly or indirectly affect different elements of the system
causing trade-offs and synergies among co-benefits. For example, policies designed to protect a
coastal ecosystem may improve its ecological status but might also lead to a decrease of coastal
livelihoods. Moreover, NBS may be altered over time as a result of the dynamic evolution of
their natural component or due to responses to external pressures as climate change.
Consequently, the interconnections among co-benefits may also evolve over time. This means
that trade-offs and synergies should be framed as an inter-temporal issue that manifest
overtime (Qiao et al., 2019; Gomez-Martin, 2020). The identification of synergies and trade-offs
among co-benefits may reveal unconsidered consequences of diverse management strategies.
This could ease finding the balance between social, economic and environmental targets (Calliari
et al., 2019; Haase et al.,, 2012). In this paper, we argue that understanding the dynamic
evolution of trade-offs and synergies across co-benefits may facilitate management to maintain

synergisms and thus, NBS multifunctionality may be enhanced and lead to increased adaptive
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capacity of NBS for addressing SDGs. To this aim, the complex structure of the system

interested/impacted by NBS implementation should be investigated and analyzed.

Using the urban river restoration project in Copenhagen city as a means to demonstrate the
framework of our analysis, we have assessed the trade-offs and synergies of the co-benefits
associated with potential NBS implementation and thus, with related SDGs. The urban river
restoration project is a scenario for climate adaptation and greening the city of Copenhagen but
not yet politically approved and implemented by the involved municipalities. We have adopted
a system thinking approach to understand the main dynamics between NBS and its co-benefits
to investigate the long-term effect of NBS in different SDGs. For that, we have developed a Fuzzy
Cognitive Map (FCM), a knowledge-based methodology developed to simulate and model
dynamic systems (Kosko, 1986). In this case it was used to conceptualize and understand the
social-ecological system where the scenario of a river restoration will be applied to analyse key
relationships and feedback loops between the potential co-benefits that this NBS may deliver.
The FCM was co-produced along with stakeholders and experts on the system where NBS could
be applied. Participatory modelling was used to obtain relevant bottom-up information and to
organize the collective knowledge of stakeholders in a Causal Loop Diagram (CLD) while
promoting a constructive discussion among stakeholders. CLDs have been widely used as a
graphical tool to represent the feedback structure of systems and to easily capture the causes
of dynamics (Sterman, 2000). The CLD co-developed represents the shared vision of
stakeholders on the system and it was used to set the basis for the FCM development. Although
FCMs are not able to make quantitative predictions, they are suitable to easily indicate changes
in the patterns of behaviour of the system due to changes in the relationships between factors.
Therefore, FCMs allow the prediction of the effects of different policies taken under “what-if”
scenarios. However, traditional vector-matrix operations typical from FCM assume that all the
processes occur at the same time. It considers that the strength of the relationships between
variables are constant over time. This structure limits the realistic description of the dynamics

between co-benefits. To overcome this drawback and to improve the description of the non-
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linear behaviour of complex systems we implement the semi-dynamic FCM-based approach
described in (Giordano et al., 2020). This work proposes the inclusion of time delays in the

matrix-structure of FCM by allowing changes in the adjacency matrix.

2. Research and methods

2.1. Case study

In December 2009, the fifteenth session of the Conference of the Parties (COP 15) was held in
Copenhagen, Denmark. The objective of the COP 15 was to enter into a binding global climate
agreement thatincludes as many countries as possible in order to reduce greenhouse emissions.
As a result of COP 15, the City of Copenhagen developed the Copenhagen Climate Adaptation
Plan in 2011. This plan established the framework needed for the implementation of climate
adaptive measures in the city administration area. It is highly likely that the frequency and
intensity of rainfall events and cloudburst events in Denmark and Copenhagen will increase
during fall and winter (Karlsson, 2014; Pasten-Zapato, 2019), thus contributing to the rise of
shallow groundwater level and, as a result, increase the risk for groundwater flooding resulting
in economic and human costs. The catastrophic cloudburst event in July 2011 boosted the
development of the Cloudburst Management Plan in 2012 making the Climate Adaptation Plan
more explicit in this regard. This plan defines priority actions to reduce the negative impact of

high-intensity rain.
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Figure 1. NBS area: potential restored urban river (red) and its tributaries (blue) and surrounding catchment (to the

right)

Within the cloudburst management plan, different NBS were selected to mitigate the negative
effects of pluvial flooding i.e. construction of green spaces and cloudburst channels, where the
first include retention and detention areas to store excess rainwater for either infiltration or
evaporation. The latter include channels that route excess water to open water recipients
further downstream. In this paper, focus is on the restoration of an urban river (the
Ladegaardsaa) as a scenario for an NBS to which cloudburst management plan NBS can be
connected for drainage and to ensure a sustainable river discharge. Currently, the Ladegaardsaa
river is part of a larger piped river system (see Figure 2) further upstream. The restoration of the
river is a scenario which is part of a larger project including (i) a traffic component, which consists
of (i) removing the present flyover motorway in combination with (ii) short and long tunnels to

replace parts of existing roads further down the line. In addition to this, and considered in this
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paper there is the scenario of restoring the piped urban river and developing further into an
open river park with both green and blue areas. The urban river scenario would restore the
natural flow route towards the artificial lakes (shown in Figure 1). The main objective of this NBS
is to improve the drainage capacity of the city, thus mitigating groundwater flooding and
subsequent damage to underground infrastructure. Additionally, this potential NBS is expected
to deliver a number of co-benefits (i.e. pollution reduction, heat island reduction, health and
wellbeing, GHG reduction and green jobs creation) that could potentially contribute to the

achievement of several SDGs.

2.2. Participatory modelling phase

Participatory modelling supports the decision-making process by enabling the integration of key
stakeholders in the co-creation of conceptual models and co-design of actions and strategies. It
also supports the active collaboration and the rigorous integration of different expertise and
interdisciplinary skills, thus building greater trust in models (Zomorodian et al., 2018). The key
advantage in the field of NBS analysis (with specific focus on the decision support) relies in its
strong potential for integration of variables (e.g. qualitative and quantitative), knowledge (e.g.
expert and derived from models) and issues (e.g. social, environmental, economic, etc.). This is,
indeed, highly relevant for describing the multidimensionality of NBS, and their capability to
produce a multitude of benefits over time. Participatory modelling is particularly well-suited to
obtain data coming from formal and non-formal sources. In this study, participatory modelling
has been used to develop a comprehensive understanding of the scope of the system and to
guide the actions that are conducted, while giving advantages at both individual and collective
levels. At the individual level, the approach improves the problem formulation and perception
of participants. At the collective level, it allows their alignment, the achievement of a consensus
with respect to decisions and the involvement of the group with respect to these decisions. We

have divided the participatory process in two phases. During the first phase, a Causal Loop
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Diagram (CLD) defining relationships among the main variables of the system was developed
using group model building techniques (Vennix, 1999). In the second phase, some quantitative
elements of the FCM were assigned the CLD by experts (i.e. link weights and time delays). To
increase the effectiveness of NBS implementation and to assess the associated co-benefits, it is
necessary to understand who is affected by the restoration scenario of the Ladegaardsaa urban
river. It is also important to understand who has the power to influence the results obtained by
executing the NBS i.e. Danish Regions, municipalities, water utility companies and others. The
stakeholder group represented the different levels of governance and knowledge and have been
carefully selected to avoid unnecessary overlap and missing elements. The selection was made
in a way that the largest number of “realities” and perceptions of the system were collected.
The ‘snowballing’ technique was used to update the list, thus involving all the potentially
relevant stakeholders that were cited or mentioned during the process. Stakeholders size was
chosen to have a realistic representation of the system and to allow the active participation of
the individuals in the group model building exercise (See Table 1). In concordance with previous
studies we estimated that the desired number of participants to successfully perform the group

model building exercise ranged between 7-15 participants (Videira et al., 2014).

Table 1. Identification of the main stakeholders involved in the participatory process and role.

Stakeholders Rationale for selection

Greater Copenhagen Utility supplying 1.1 million customers in the

HOFOR Copenhagen metropolitan area with: Drinking water, District heating,
District cooling, Town gas, Disposal of wastewater. Also, climate proofing the
metropolitan area against torrential downpours.

Region Region for Greater Copenhagen are concerned with public health and urban
Hovedstaden planning to ensure integrated solutions for environment, innovation and
knowledge institutions
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Stakeholders Rationale for selection

The Technical and Environmental management section is responsible for
City of urban development with respect to urban use (e.g. compliance with
Copenhagen  environmental regulations), daily maintenance (cleaning etc), urban
(KK) development (e.g. infrastructure, built environment, climate proofing,
resources management).

Insurance and linsurance & Pension Denmark (IPD) is the voice of the Danish insurance
Pensions companies and pension funds and represent 92 insurance companies and
(Forsikring og pension funds operating in the Danish market.

Pension)

It is a cooperation between municipalities, utility services and the Capital

KLIKOVAND Region of Denmark and supports efficient and sustainable climate
adaptation solutions in the region and to share knowledge and experience
across municipal borders, enabling mutual learning.

Gottlieb An architect / landscape planner working with urban / landscape solutions
Paludan for integrating climate change adaptation

landscape /

urban

architects

Call Climate Adaptation Living Lab for Greater Copenhagen, to demonstrate,

Copenhagen showcase and market integrated real-world climate adaptation solutions.

De Danske Danish Regions have an interest in protecting people health (public health)
Regioner and the groundwater resources for drinking water purposes, as well as
protecting surface water and natural resources.

Miljgpunkt The Environment Point is a non-governmental organization (NGO) to
Ngrrebro promote a better environment in urban neighborhood Ngrrebro and near
surroundings by executing practical environment and climate projects.
Opportunities are challenged with regard to administrative rules and
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Stakeholders Rationale for selection

regulations in close collaboration with the local council who also provides
economic support.

2.2. Group Model Building: FCM development

FCMs are based on graph theory and were introduced the first time by Bart Kosko (Kosko, 1986).
Ever since, it has been widely used to address complex problems from climate change
adaptation to landscape or forest management (Martinez et al., 2018). It consists of nodes
representing key concept of the simulated system and fuzzy links connecting various nodes. The
links represent positive or negative causal relationships among concepts and the fuzzy part
permits the description of degrees of causality. To calculate the strength of the causal
relationships, crisp numeric values are used within the range of [-1,1] (Sokar et al., 2011). This
structure allows the propagation of the causality backward and forward allowing the knowledge
base to increase when the concepts and links between them increase (Kontogianni et al., 2012).
FCM are easy to build and easy to understand by non-technical experts, this facilitates the
debate among stakeholders and the co-creation of shared knowledge. Additionally, its vector-
matrix structure facilitates the aggregation of different experts and stakeholders’ views. For this
reason, FCMs have gained considerable interest in the research community to be combined with
stakeholder’s engagement and participatory modelling exercises (Gray et al., 2015). There are
different participatory modelling approaches i.e. mediated modelling, shared vision planning,
participatory simulation, companion modelling or participatory mapping among all (Chambers,
2006; Diehl, 1992; Simon and Etienne, 2010; Voinov and Bousquet, 2010). Unlike participatory
processes carried out at the individual level (i.e. individual interviews) that are usually
implemented to analyze differences in perception. Group Model Building (GMB) techniques
pursue a shared understanding of the problem to be addressed. In this study, GMB was used to

facilitate the consensus agreement process and to increase the communication and shared
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vision among stakeholders as well as to increase confidence among stakeholders in the use of
system ideas. It was also used to conceptualize and understand the socio-environmental system
in which the NBS will be applied. The GMB process was carried out in a two hours workshop
with key stakeholders of the system (see Table 1). During the process, stakeholders contributed
to the identification of key factors and issues that were relevant for the modelling of the NBS.
During the process, the moderator adapted the exercise to stimulate the exchange of relevant
local knowledge among the participants. To facilitate the development of the CLD, a syntactic
rule was used to represent the key variables within the model. The participants were asked to
use cards of different colours to represent the different variables and factors within the system.
The variables representing natural resources and ecosystem services were marked in green, blue
cards were used to identify socio-economic factors, yellow cards represented all the activities
or actions. Finally, all the barriers, risks or challenges were marked in red. The stakeholders were
also asked to represent and to mark the relationships between variables and their polarity, i.e.
the direction of the change between two variables. A positive relationship (+) indicated that if
an independent variable increased the dependent variable increased. A negative link (-) was
used when the dependent variable changes in the opposite direction than the independent
variable, meaning that if a variable X increases, then, a variable Y decreases. During the GMB
session discrepancies between participants or differences of opinion may arise. Whenever
possible, consensus among participants was reached. For this, the role of the facilitator was
crucial to favour the elucidation of knowledge within the group and to reveal hidden
assumptions and differences among participants, thus facilitating a consensus view of the
problem. On occasions when it was not possible to reach an agreement, the final decision was
taken by the expert group. To ease the post-processing of the CLD, the resulting model was

digitized using Vensim software.

The group model was analysed and post-processed by a group of experts who were involved in
the GMB process and with experience in the system and in the FCM development. During the

post-processing exercise, missing variables relevant for the co-benefit assessment were added
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into the model. The expert group was also in charge of indicating the strength of impacts of the
elements composing the map. The weight assigned was used to describe the strength of the
relationships (weak, medium, strong) between variables or nodes. The strength of a relationship
was represented by changing the thickness of the links between concepts composing the FCM
(See Figure 2). The experts also suggested ‘delays’ (with a //) to represent processes or decisions
that require some time to occur. This was made to allow a semi-quantitative analysis of the
temporal dynamics. To ease the visualization of the causes-effects of the processes occurring in
the system, important feedback loops were identified within the system. The polarity of the loop
is dependent on the polarity of the links composing the loop. The polarity determines the
behaviour of the variables within the loop. A reinforcing or positive loop (R) results when an
action produces a result which influences more of the same action. This type of loop results in
exponential growth or decline. Alternatively, a balancing or negative loop (B) occurs when an
action is taken to change the current state of a variable to a desired state. This type of loop tends

to produce oscillations or movement towards the equilibrium (Sterman 2000).

After the participatory modelling phase, each fuzzy weight (weak, medium, strong) was
translated into a numerical value. The weights ranged in an interval of {-1, 0, 1}. The value 1
represents a positive causality and the strongest relationship. The closer the values approach to
0, the weaker the relationships are. For weak relationships, a value of 0.3 was assigned. For
relationships with medium strength, a value of 0.6 was given. Finally, value 1 was used in the

strongest links.
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Variable A_ +

Variable C

Variable B

Figure 1. Simple FCM. The thickness of the arrows indicates the strength in the relationship. Positive and
negative symbols indicate the polarity of the relationship. Delays are indicated with a mark (two lines crossing
the links).

The first step to transform the CLD into a FCM was to translate the weights of the relationships
into an adjacency matrix. This matrix defines the structure of the FCM and is needed to make

possible the dynamic inferences.

Furthermore, it should be considered that NBS requires time for being fully effective. Moreover,
different co-benefits can be produced at different time steps (Giordano et al., 2020). However,
as stated before, traditional FCM does not allow to consider delays in the causality assuming
that all the processes occur at the same time. The adjacency matrices produced are constant
and assume that the polarity and the weights do not change over time (Papageorgiou and
Salmeron, 2013). In order to overcome this limitation and to describe the dynamics of the
system in a way closer to reality we have introduced delays in the FCM allowing changes in the
adjacency matrix and assuming that the weight can change over time. For this, we have
developed three different adjacency matrices describing the strength of the casual connections

at three different time steps (short term, medium term and long term) (Giordano et al., 2020).
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2.2. FCM analysis

The analysis of the model has been made in two parts. First, the description of the qualitative
model and the identification of feedback loops have been used to enhance the understanding
of what drives the dynamic behaviour of the system. We assume that the dynamic behaviour of
the system can be inferred from the structure and complex relationships of the diagram.
Secondly, different “what-if” scenarios were simulated (Kok, 2009) to determine the state of the
system under different conditions, such as e.g. the long-term effectiveness of NBS as well as the
dynamic evolution of the co-benefits produced by different combinations. The measures whose
effects were simulated in the FCM (intervention scenarios) where defined and agreed among
authors previous to the stakeholder’s workshop. In this paper the following scenarios are
considered: the restoration of the piped urban river combined with the creation of an urban
green park (NBS1) and the creation of an urban green park without the river restoration (NBS2),
refer to 2.1. Additionally, two soft measures combined with the above mentioned NBS were also
simulated. NBS1 with green space management (NBS1-GSM) and with strong institutional
collaboration (NBS1-GSM and IC) and NBS2 with green space management (NBS2- GSM) and
with institutional collaboration (NBS2-GSM and IC). Finally, a business as usual scenario without

any measure applied has also been simulated (BAU).

To complete the study, the SDGs that could be potentially affected by NBS1 and NBS2
implementation have been identified. The co-benefits that are more likely to contribute to the
achievement of each SDG have also been indicated. It has also highlighted the long-term
performance of each co-benefit under the 6 different NBS scenarios (NBS1, NBS1-GSM, NBS1-
GSM-IC, NBS2, NBS2-GSM and NBS2-GSM-IC). To ease the visualization of the results a table
describing which co-benefits affect each goal has been produced. For each scenario the long-
term performance of each co-benefit has been indicated following a colour syntax. Red colour

is used to indicate a weak contribution of the co-benefit to the achievement of a goal, orange is
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used when its contribution is medium and green when the presence of this co-benefits

contributes highly to the achievement of this goal.

3. Results

3.1. Qualitative analysis of FCM

In the following section, the system as perceived by stakeholders is presented as well as the
main patterns of behaviour that have been identified qualitatively. Figure 3 shows the FCM
developed by stakeholders and experts. It is composed of key concepts (nodes) representing the
economic, environmental and social factors of the system and their relationships. It describes
systems complexity and shows the multiplicity of interconnections among variables. To have a

clearer representation of the loops see Annex A.

The frequency and intensity of extreme weather events is highly influenced by climate change.
An increase of the cloudburst events and prolonged rainfall in fall and winter will in the long-
term, increase ground water level. This may increase the occurrences of groundwater flooding
leading to an increase of water entering the sewer system. Stakeholders also perceived surface
urban flooding as an important risk to consider. Surface flooding is aggravated by the water
pushed up from the sewer system which cannot cope with excess water. Surface and
groundwater flooding have a negative impact on Copenhagen wealth due to the damage caused
by flooding and increased wastewater treatment. The re-connection of the river (which is
currently piped) with groundwater is perceived to have a strong impact on groundwater flooding
by increased drainage capacity. The re-naturalization of the river may reduce groundwater level
and thus groundwater flooding. The restored urban river could receive water from cloudburst
management plans increasing the river discharge. Connecting the restored river would also
improve the environmental quality of the connected lakes which in turn, will reduce the urban

heat island effect. We refer to NBS1 when the restoration of the river is combined with an
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adjacent urban green area in order to boost the delivery of ES. According to stakeholders, the
green area on its own (NBS 2) may reduce surface urban flooding and provide a number of co-
benefits such as biodiversity enhancement, reduction of heat island effect or increase of the
aesthetic value. However, the functionality of both NBS and thus, their effectiveness may be
compromised by an increase of the frequency and intensity of weather extreme events. Climate
changes may also increase heat waves and thus the occurrence of vector-borne diseases. Both
NBS are perceived to have a positive impact on Copenhagen wealth. An effective river
restoration would decrease the amount of water in the sewer system and therefore the
economic cost associated with water treatment would decrease. Both NBS reduce damage cost
associated with flooding and increase the potential for economic opportunities and green jobs.
To guarantee a continuous delivery of ecosystem services from the NBS, continuous
management including maintenance and therefore, economic investments are required. This
may have a negative effect on Copenhagen wealth (B1). Conducting a regular and appropriate
management is perceived to be an important variable needed to support the social acceptance
of NBS (B2). An increased acceptance of NBS may indirectly affect the aesthetic value of the area
(B3) which in turn reinforces positively the delivery of other co-benefits such as public health
and well-being or recreational value (R6, R7). Stakeholders also perceived institutional
collaboration and investment in green areas as key factors to achieve the objectives established

in the Copenhagen Climate Change Adaptation Plan.
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Figure 3 Showing the final FCM integrating stakeholders and experts knowledge.

Finally, institutional collaboration involving key stakeholders, notably municipalities and water
utilities, and investment in green areas are needed to increase city branding. This means the

local identity and the balance between human and nature. An enhancement of the branding
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may increase citizens involvement and sense of ownership. Moreover, it could increase the
potential for economic opportunities and green jobs by increasing the attractiveness of the city

(R4 and R5).

According to the qualitative interpretation of the FCM co-benefits such as public health and well-
being, aesthetic and recreational value may produce trade-offs with other co-benefits due to
the causal connexion that exist between these co-benefits and real estate property value. An
increased value of the properties may support urban development which may affect negatively
biodiversity. Social justice and cohesion may also be negatively affected by an increase of
property value (B4 and B5). Besides, social-justice and cohesion is strongly linked through
reinforcing loops (R1, R2, R4 and R5) to other co-benefits such as citizens awareness, citizens
involvement and sense of ownership and social acceptance of NBS. For this reason, a decrease

of social justice may cause a chain reaction and reduce other associated co-benefits.

3.2. Semi-quantitative analysis of the dynamic behaviour of co-benefits

We only consider an NBS effective when the delivery of social, environmental and economic co-
benefits is balanced. Therefore, we assume that an effective NBS implementation is based on
reduction of trade-offs among co-benefits. From the modelling point of view, this means that if
the increase of certain co-benefit (e.g. aesthetic value) decreases the delivery of other co-
benefits (e.g. social justice and cohesion) the effectiveness of this NBS will be reduced. A
decrease in NBS effectiveness may have an impact on other co-benefits that are dependent on
it. Moreover, we have to consider that NBS may require time to be effective. This is well
represented in figure 4 which shows the dynamic behaviour of NBS effectiveness under different
scenarios. When we compare the results of the scenarios, we observe that in the long term, NBS
effectiveness is higher in scenarios NBS1 and NBS1-GSM whereas, NBS effectiveness is reached
much earlier in scenarios NBS2-GSM-IC and NBS1-GSM-IC. This means that in order to accelerate
the capability of NBS to deliver co-benefits it is necessary to combine NBS with additional

measures such as green space management or strong institutional collaboration. This
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phenomenon is well represented in Figure 5 where the dynamic behavior of surface and
groundwater flooding under different scenarios is represented. The results show that the
restoration of the river combined with the urban green area (NBS1) is likely to reduce to a
greater extent surface and groundwater flooding in the long term. However, the capability of
NBS1 to reduce surface and groundwater flooding is very low in the first stages of NBS
implementation. The implementation of NBS2 without green space management or institutional
collaboration hardly has an impact on flood reduction. The results also show that when the NBS
is combined with strong institutional collaboration (see scenarios NBS1-GSM-IC and NBS2-GSM-
IC) surface and groundwater flooding is reduced earlier. The capability of both NBS to reduce
floods increases when the NBS is combined with strong institutional collaboration. Strong
institutional collaboration has not a direct influence on the capability of NBS to cope with floods

but it has on their capability to deliver other co-benefits and thus, on its effectiveness.

Urban river restoration effectiveness Urban green areas affectiveness
0.30 0.80

0.60
0.20

0.40
6.10 0.20
0.00

-0.20
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-0.10
-0.40

-0.20 -0.60
—BAU NBS1 NBS1-GSM BAU NBS1 NB51-GSM
NBS1-G5M and IC NBS2 NBS2-G5M MNBS51-GSM and |C === NB52 ] B52-GSM
= NB52-G5M and IC m——NB52-GSM and IC

Figure 4. Dynamic behavior of NBS effectiveness

Stakeholders perceived climate change as a limiting factor of NBS effectiveness. The results
show that the frequency and intensity of extreme weather events are likely to reduce NBS
functionality in the long term and thus NBS effectiveness. This means the capability of NBS to

cope with risk and to deliver co-benefits (see figure 6).
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Figure 5. Dynamic behavior of surface and groundwater flooding
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Figure 6. Shows the dynamic behaviour of two variables of the FCM: NBS functionality (on the left) and Frequency and

intensity of extreme weather events (on the right).

Climate change is expected to increase the occurrence of heat waves which may have direct
consequences on public health and well-being. This could be aggravated by the urban heat island
effect. The reduction of the latter was pointed out by the stakeholders as an important NBS co-
benefit. The results of the simulation (see figure 7 a) and b) show that NBS1 is more effective in
reducing urban heat island effect. However, the implementation of NBS1 with appropriate green
space management and effective institutional collaboration accelerate considerably the delivery
of this co-benefit. The results also show that the effectiveness of NBS2 in reducing heat island

effect is highly dependent on green space management and institutional collaboration.
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Urban heat island Public Health and well-being
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Figure 6. Dynamic behaviour of urban heat island (A), public health and well-being (B)

Figure 8 shows four closely linked co-benefits, aesthetic value, recreational value, city branding
and potential for economic opportunities and green jobs. The results of the simulation show
that the implementation of NBS would increase rapidly the aesthetic value of the area and thus

its recreational value.

This would benefit in the long term the potential for economic opportunities and green jobs.
The increase of the attractiveness of the city produced by branding co-benefits has also a
positive impact on the potential for economic opportunities and green jobs. This is well
illustrated in the similar patterns of behaviour that both co-benefits present. Once again, the
results of the simulation demonstrate that NBS1 is more effective in delivering these co-
benefits. The simulations also show that green space management is essential to accelerate the
delivery of aesthetic and recreational value co-benefits. If green space management is not

applied, NBS requires more time to deliver these co-benefits.
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Figure 8 Showing dynamic behavior of co-benefits: Aesthetic value (A), Recreational value (B), Branding (C) and

potential for economic opportunities and green jobs (D)
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Figure 9. Dynamic behaviour of co-benefits: Social justice and cohesion (A), citizens involvement and sense of

ownership (B), citizens awareness (C) and social acceptance of NBS (D).

The results of the simulation show a progressive decline on social justice and cohesion in
scenarios NBS2-GSM-IC, NBS1-GSM-IC and NBS1-GSM (See figure 9A). This result exposes the
trade-off that exists among social justice and cohesion and aesthetic and recreational value. The
increase of the attractiveness of the city (Branding co-benefit) has also a high impact on social
justice. This occurs because these co-benefits help to increase property value. If the rise in prices
is not controlled, a decrease in social-justice and cohesion follows. The increase of the real estate
property value encourages urban development which, on the one hand increases Copenhagen
wealth but on the other hand, decreases biodiversity (Figure 10). This trade-off is well illustrated
in the simulation results. Firstly, scenarios NBS2-GSM-IC, NBS1-GSM-IC and NBS1-GSM

encourage a higher delivery of aesthetic and recreational value co-benefits (see figure 8a) and
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8b) whereas biodiversity and social justice suffer a decrease in the same scenarios. As explained
in section 3.1, social justice is linked to other co-benefits (citizens awareness and citizens
involvement and sense of ownership) through a series of self-reinforcing loops (R1, R2, R4 and
R5). A decrease in social justice reinforces the decline of these other co-benefits. At the same

time, this decrease leads to negatively affect the social acceptance of NBS. (See figure 11).

Biodiversity

0.40
0.20
0.00

0 5 10 15 20 25 30
-0.20
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-0.60
-0.80
-1.00
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Figure 10. Dynamic behavior of biodiversity co-benefit
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Social acceptance of NBS
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Figure 11. Dynamic behavior of social acceptance co-benefit

3.3. Sustainable development goals analysis

In this section it is shown a list of SDGs that could be potentially influenced by NBS
implementation for the case of Copenhagen. For a more complete list of these SDGs and their

targets please see annex 2.

We conclude that a minimum of 10 SDGs could potentially be affected by the implementation
of NBS (see table 2). The results reveal that the restoration of the urban river combined with an
adjacent urban green area is more likely to produce a higher number of co-benefits in the long
term thus, a higher contribution to the SDGs is expected. The results also expose that
appropriate management regime or measures designed to increase institutional collaboration
increases NBS effectiveness and boost co-benefits delivery. This implies that higher influence to
the SDGs is obtained Trade-offs among co-benefits may limit the contribution of NBS to different

SDGs. For example, SDGs 15, 16 and 4 will be weakly affected by NBS implementation due to
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the trade-off that exist between social justice and cohesion (and its related co-benefits) and
those co-benefits that influence property value (i.e. aesthetic and recreational value, public

health and well-being or city branding). In contrast, a higher contribution to SDGs 13, 11 and 8

is expected.
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Table 2. Sustainable development goals linked with NBS co-benefits

Sustainable Development Goal linked to NBS co-benefits

'om the 2030 Agenda)

Co-Benefits

Potential for economic opportunities and green jobs

Social justice and cohesion

. . MESL- NES1- MESE- NERE- MESL- MES1- MESE- NERE-
Il itsfol h
poverty in all itsforms everswhere MESY e M MESZ o M MEEY = A NESZ e NI
Health and well being Water quality
healthy lives and promote wel l-bein - - - - - - - -
Iy P -4 NES1 MESL MES L HEE2 MESZ- NEE2. NEET MBS MBS NSz MESZ- NEE2.
forall & all ages =2y A (=20 -1 (=20 AT (=2 -0
| roindociveand cariebe oy Social acceptance of NBS Secial justice and cohesion Citizens awareness
n MESL- NES1- MES2- NERZ- MESL- MES1- MESZ- NERZ- MESL- MES1- MESZ- NERZ-
a znd promote lifelonglearning
R e ey Rl R [y (5 A-10 R e ey R s [y (-1 R e ey R s [y (-1
opportunitiesford|
Water guality
ware avallability and sustainable MES - NES1- WEG2- NEE2-
— MEEL WERZ
:nt of water and snitation for all s GEMHC GE GEM-IC
et SR, fReEe 2 Potential for economic opportunities and green jobs
onotnic growth, full and productive | wess MEEL- MES2- HEGS MEEZ- MR-
sment and decent work ford| E3 ERhlE & ESHE
) et e, Bram e Potential for economic opportunities and green jobs Investrment in green infrastructure
1 sustainable industridization and NET MES - MES1- NES2 nES2- nE2- NET MES1- MES2- NEEZ nES2- nE2-
fosterinnovation G| GEMAE GEM | GEM-IE G| GSMAHE GEM | GEM-IE
Surface urban flooding recuction Grounchw ater flooding recuction
ake cities and human settlements NEE L~ NEE1- NEEZ- - NEE1- HEE1- NES- -
i, safe, resilient and sustainable MBI o | esmee | ™0 | e {eswae | M| e | esmac | | o | eswac
Urban heat island reduction Surface urban flooding reduction Grouncw ater flooding reduction
eurgent action to comba: clim ate " ~ T = B = - N N c _ _
Tt Ty NEED MEE 1L NEE 1 NES2 WESZ NEEZ. NEED MEE 1 NEE 1 NE2 WESZ NEEZ. NEED MEE 1 NEE 1 NE2 WESZ NEEZ.
1ange anditsimpactdb] G5 GEMAC GEd GEM-IC G5 GEMAC S GEM-IC G5 GEMAC S GEM-IC
:ct, restore and promote sustainable Biodiversity Citizens awareness
-ial ecosystems, sustainably manage - - _ - - 5 _ -
i ! NERD HER 1 HES - NES2 hESZ NEE2 NEET MBS 1 HWES 1 NESS WESZ NEE2
t desertification, and hdt and reverse et GEMAC feat] GEM-IC fet] GEMAT GE GEM-IC

sdation and halt biodiversity loss

note peaceful and inclusive societies
sle devel opment, provide accessto
and build effective, accountable and
sveinstitutionsat all levels

Social justic and cohesion

Citizens involvment and sense of ownership

NES1 MES - NES1- NES2 MEGE- NEEZ-
GEM GEMAT GEM GEM-IC

MES - MES - MEGZ- NEEZ-

MEED WESZ

GEN GEMAT GEM GEM-IC

30

NAIAD - D5.8



D5.8 Using System Thinking for Integration: ‘ y ]
An approach to assess the contribution of Nature Based Solutions \

e AAD GA e 720497 NAIAD

4. Discussion and conclusion

This section is meant to discuss the results obtained and to emphasize the innovations brought
by the work done. In this paper, the main assumption is that the adaptive capacity of NBS for
addressing SDGs may be enhanced by improving NBS multifunctionality and thus, its
effectiveness. NBS should be considered effective not only if it is capable to produce the
expected co-benefits, but also if the production of co-benefits is balanced. This means, the
capability of NBS to eliminate/reduce the level of trade-offs among different co-benefits. The
long-term effectiveness of NBS depends, not only on NBS design and implementation, but also
on the socio-ecological context in which NBS are applied. For example, low level of institutional
collaboration or lack of citizens awareness may hamper NBS effectiveness. External factors such
as climate change may also influence NBS capability to deliver certain co-benefits over time.
These issues need to be addressed prior to NBS design and implementation and it requires a
deep understanding of the complex relationships that exist among the social, economic and
environmental factors of the considered system. We believe that trade-off identification in the
prior stages of NBS implementation is crucial to enhance NBS multifunctionality and to pursue
sustainable development. To this aim, system thinking modelling approach —i.e. Fuzzy Cognitive
Map — was adopted to explore the structural causes of the observed trends as well as to analyze
and map the complex network of interactions among the components involved in NBS
effectiveness. In this paper we have demonstrated that FCM combined with a participatory
modelling phase is an appropriate methodology to handle the diversity in framing NBS
complexity among the different stakeholders. FCM has provided different advantages in the
process of analyzing the river restoration multifunctionality. It has allowed us to capture the
essence of the whole system comprehensively, without making the model too complex to be
used with the stakeholders. Compared to other methods for dynamic analysis, FCM
demonstrated great potentialities in facilitating the interaction with the stakeholders. FCM did
not force the analysts to translate stakeholders’ knowledge and narratives — which are mainly

qualitative — into quantitative variables and equations, as already discussed in (Kok, 2009; Jetter
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& Kok, 2014). The FCM model for scenario simulation was built referring to the stakeholders’
knowledge elicited during the early phases of project implementation. Therefore, participants
were familiar with the causal connections described in the model and were capable to
understand the model. We learned that the adoption of a qualitative modelling approach, such
as the FCM, positively affected the interaction with the stakeholders for both the validation

phase and the scenario development.

This work is in line with the efforts already carried out aiming at developing integrated
frameworks for assessing NBS effectiveness accounting for the production of co-benefits (see
Raymond et al., 2017; Alves et al., 2019(a); Alves et al., 2019(b); Pagano et al., 2019). Compared
to the above cited works, the approach described in this article introduce few novelties.
Contrarily to the works of (Pagano et al., 2019; Giordano et al., 2020), the activities carried out
in the Copenhagen case study demonstrates the suitability of group modelling building approach
for developing the model at the basis of the co-benefits and trade-off analysis. This approach
has multiple elements of relevance. Firstly, it allows actors/stakeholders to share their
knowledge/expertise with the others. Secondly, it facilitates the creation of social capital among
participants by providing a mean for group identification of common problems and solutions, as
well as the optimal way to test them. Finally, the group discussion reduced the biases introduced
by the analyst during the aggregation phase. Nevertheless, trade-offs among co-benefits may
arise due to differences among stakeholders’ perceptions which means that co-benefits
delivered by NBS may be valued differently depending on the stakeholder. Considering this, the
adopted approach present cons concerning the lack of analysis of the differences between
different kinds of stakeholders. Therefore, the analysis carried out accounted solely for the

trade-offs among co-benefits, and not those between stakeholders.

The work also demonstrates the need to account for the time dimension in detecting and
assessing trade-offs among different co-benefits. As shown by the results of the FCM-based
scenarios, the same NBS can produce different co-benefits at different time steps. Thus,

potential trade-offs might not appear because of the time delay. Conversely, the delays in co-
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benefits production could negatively affect the synergies between different co-benefits and
NBS. For example, the results show that the implementation of NBS in Copenhagen (i.e. urban
river restoration) is highly likely to produce a rapid increase of some co-benefits such as
recreational and aesthetic value or city branding. However, the results also show that in the long
term, the increase of these co-benefits may hamper the delivery of other co-benefits such as
social justice and cohesion, social acceptance of NBS or citizens awareness. This is because urban
green spaces usually correlate with an increase of properties and rent prices. This may displace
groups of people that cannot afford the increase in real estate prices. This may decrease social

justice and the social acceptability of NBS.

As highlighted by several authors NBS have proven to be a cost-effective solution that could
simultaneously contribute to several societal challenges. In the case of Copenhagen, the
restoration of the urban river combined with an integrated urban green area is perceived by the
stakeholders as an effective solution capable to deliver sets of benefits that contribute to a range
of SDGs (i.e. SDG 5, 6, 4, 13, 11). The benefits delivered by NBS not only varies across spatial and
temporal scales but also among societal groups. For this reason, new methods and approaches
are needed to account for the real contribution of NBS to SDGs. New participative modelling
tools focusing not only on a subset of impacts but on an integrated view of the system are
needed to show the advantages of NBS over other adaptation strategies. Only this way NBS

would be mainstreamed to national and international development policies.
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List of affected Sustainable Development Goal and indicators

Goals and targets (from the 2030 Agenda)

Co-Benefits

Goal 1. End poverty in all its forms everywhere

1.4 By 2030, ensure that all men and women, in
particular the poor and the vulnerable, have equal
rights to economic resources, as well as access to
basic services, ownership and control over land and
other forms of property, inheritance, natural
resources, appropriate new technology and financial
services, including microfinance

1.5 By 2030, build the resilience of the poor and those
in vulnerable situations and reduce their exposure
and vulnerability to climate-related extreme events
and other economic, social and environmental shocks
and disasters

Potential for economic opportunities and green
jobs Damage cost reduction
Social justice and cohesion

Goal 3. Ensure healthy lives and promote well-being for all at all ages

3.4 By 2030, reduce by one third premature mortality
from non-communicable diseases  through
prevention and treatment and promote mental
health and well-being

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

Increase in health and well-being
Increase in water quality
Pollutants removal

Goal 4. Ensure inclusive and equitable quality education and promote lifelong learning opportunities for

all
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4.7 By 2030, ensure that all learners acquire the
knowledge and skills needed to promote sustainable
development, including, among others, through
education for sustainable development and
sustainable lifestyles, human rights, gender equality,
promotion of a culture of peace and non-violence,
global citizenship and appreciation of cultural
diversity and of culture’s contribution to sustainable
development
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to Sustainable Development Goals
NAIAD GA n2 730497

NAIA

Social acceptance of NBS
Social justice and cohesion
Citizens awareness

Goal 6. Ensure availability and sustainable management of water and sanitation for all

6.6 By 2020, protect and restore water-related
ecosystems, including mountains, forests, wetlands,
rivers, aquifers and lakes

6.b Support and strengthen the participation of local
communities in improving water and sanitation
management

River restoration
Citizens awareness
Reconnection between lake, river and
groundwater

Goal 8. Promote sustained, inclusive and sustainable economic growth, full and productive employment

and decent work for all

8.2 Achieve higher levels of economic productivity
through diversification, technological upgrading and
innovation, including through a focus on high-value
added and labor-intensive sectors

8.3 Promote development-oriented policies that
support productive activities, decent job creation,
entrepreneurship, creativity and innovation, and
encourage the formalization and growth of micro-,
small- and medium-sized enterprises, including
through access to financial services

8.4 Improve progressively, through 2030, global
resource efficiency in consumption and production
and endeavor to decouple economic growth from
environmental degradation, in accordance with the
10-Year Framework of Programs on Sustainable
Consumption and Production, with developed
countries taking the lead

Potential for economic opportunities and green
jobs
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8.9 By 2030, devise and implement policies to
promote sustainable tourism that creates jobs and
promotes local culture and products

An approach to assess the contribution of Nature Based Solutions
to Sustainable Development Goals
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king for Integration:
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Goal 9. Build resilient infrastructure, promote inclu
innovation

sive and sustainable industrialization and foster

9.1 Develop quality, reliable, sustainable and resilient
infrastructure, including regional and trans-border
infrastructure, to support economic development
and human well-being, with a focus on affordable and
equitable access for all

9.4 By 2030, upgrade infrastructure and retrofit
industries to make them sustainable, with increased
resource-use efficiency and greater adoption of clean
and environmentally sound technologies and
industrial processes, with all countries taking-action
in accordance with their respective capabilities

Investment in green infrastructures
Potential for economic opportunities and green
jobs

Goal 11. Make cities and human settlements inclusive, safe, resilient and sustainable

11.3 By 2030, enhance inclusive and sustainable
urbanization and capacity for participatory,
integrated and sustainable human settlement
planning and management in all countries

11.a Support positive economic, social and
environmental links between urban, peri-urban and
rural areas by strengthening national and regional
development planning

Reduce groundwater and surface flooding
Pollutants removal
River-lake reconnection
Investment in green infrastructures
Increase in NBS investment

Goal 13. Take urgent action to combat climate change and its impacts[b]

13.1 Strengthen resilience and adaptive capacity to
climate-related hazards and natural disasters in all
countries

13.2 Integrate climate change measures into national
policies, strategies and planning

Investment in green infrastructures
Flood reduction
CO2 reduction
Citizens awareness
Increased responsibility and understanding and
engagement of climate change
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13.3 Improve education, awareness-raising and
human and institutional capacity on climate change
mitigation, adaptation, impact reduction and early
warning

Goal 15. Protect, restore and promote sustainable use of terrestrial ecosystems, sustainably manage
forests, combat desertification, and halt and reverse land degradation and halt biodiversity loss

15.1 By 2020, ensure the conservation, restoration
and sustainable use of terrestrial and inland
freshwater ecosystems and their services, in
particular forests, wetlands, mountains and drylands,
in line with obligations wunder international
agreements

15.5 Take urgent and significant action to reduce the River restoration

degradation of natural habitats, halt the loss of Citizens awareness
biodiversity and, by 2020, protect and prevent the Reconnection between lake river and
extinction of threatened species groundwater Increase in biodiversity

15.9 By 2020, integrate ecosystem and biodiversity
values into national and local planning, development
processes, poverty reduction strategies and accounts

15.a Mobilize and significantly increase financial
resources from all sources to conserve and
sustainably use biodiversity and ecosystems

Goal 16. Promote peaceful and inclusive societies for sustainable development, provide access to justice
for all and build effective, accountable and inclusive institutions at all levels

16.7 Ensure responsive, inclusive, participatory and Institutional cooperation
representative decision-making at all levels Social justice and cohesion
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