i = .

L 7

“ £

7 eyery TRANSFORMING AFRICA '

WACONI

*
* e K

e

European
Commission

WAter and COoperation within the Nlle River Basin Deliverable EIWR.3

Guidelines on methodological approach to impact assessment of
water access and quality on health in Blue Nile Basin (BNB)

Deliverable EIWR.3

Contractor: Geremew Sahlu Gebrie: Ethiopian Institute of Water Resources

Contract Number : CT-EX2018D329228-101

Authors: Sirak Robele, Taffere Addis , Azage G/Yohannes , Yonas Girma, Tekalign Ayele.

Submission date:

Abstract

H2020 WEFE interdependencies across the Nile River Basin



7 WACONI -y
> x™ 3 A[TJ ]
European _Tevers TRANSFORMING AFRICA '
WAter and COoperation within the Nlle River Basin Deliverable EIWR.3

Among the multiple challenges The Blue Nile Basin (BNB) poses, figures boldly the impact of
land use on the Water Quality. Consequently, the impact produced on human health as a result
of water quality deterioration is a cause for high concern. Therefore, in anticipation of a sound
methodology for the assessment of the change made to the state of water quality and the
impact on public health produced by water quality deterioration, a team of experts of the
Ethiopian Institute of water resources proposed the Integrated Analytical Framework (IAF).This
tool innovatively integrates three well-known frameworks: The Driver-Pressure-State-Impact-
Response framework; the Systems Approach Framework and the Social-Ecological Systems
Framework. This methodological approach is envisaged to provide an interdisciplinary and
broad platform for the investigation of the ecological dysfunction of the aquatic ecosystem in the
basin, land use pattern that caused the water quality deterioration and the impact on public
health. The methodology allows for large stakeholders engagement in identifying the issue of
concern and collectively finding solutions for the problem through a series of consultative and
deliberative workshops where scenario simulations are carried out.

H2020 WEFE interdependencies across the Nile River Basin
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Chapter 1. Overview of the methodological approach and the method chosen
1. Introduction ( economic activities, demography,social conditions,health info)...1pp

Among the multiple challenges The Blue Nile Basin (BNB) poses, figures boldly the impact of
land use on the Water Quality. Consequently, the impact produced on human health as a result
of water quality deterioration is a cause for high concern.

INFO On Water USE.........ccovvvvrevnrennreenn

In order to assess and analyze the prevailing socio-economic activities, land use and the
consequent changes on the state of the water bodies regarding water quality, and most
importantly the impact produced on the public health, sound methodological approaches should
be adopted. The identification, selection, processing and analyzing information about the issue
needs a sufficiently robust and updated tool................

Therefore, The Integrated Analytical framework (IAF) has been proposed to serve as a research
methodology for the assessment of changes on the water quality in the BNB due to land use
and the consequent impact on the public health produced by water quality deterioration. This
method integrates three well known frameworks, namely: The Driver-Pressure-State-Impact-
Response (DPSIR) framework, the Systems Approach Framework (SAF) and the Social-
Ecological-Systems Framework (SESF). On top of that It has a Strength-Weakness-
Opportunity-Threats (SWOT) analysis incorporated in it. It is envisaged that the IAF would serve
as a truly interdisciplinary research methodology as it makes use of various disciplines such as
ecology, sociology and economics, including governance. The methodology was developed by
one of the present authors (Sirak Robele Gari) and theoretically tested in the Afro-Colombian
Community Council of Alto and Medio Dagua, Cplombia on water quality issues.

H2020 WEFE interdependencies across the Nile River Basin
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2. Methodology

Appropriate adaptive management is necessary for the sustainability of social-ecological
systems (SES). Frameworks, as broad structuring devices, use to bridge the gap between
disciplines and theories as well as between inductive and deductive approaches, to facilitate the
depiction of a system under study (Schluter and Madrigal, 2012). They are useful tools to
identify and analyse problems related to the use of natural resources. The assessment of the
problems arising out of the interactions between society and the biophysical environment will
help prioritize actions against problems. Based on the information obtained using the
frameworks, that leads to a better understanding of an SES, natural resource managers and
concerned stakeholders can jointly make locally adapted, appropriate management systems.

As briefly explained in the introduction, the IAF integrated DPSIR, SAF and SESF into a single
tool. This tool is a generic, analytical framework that can be applied to any environmental
compartment at any ecosystem scale. Before commencing with description of the steps of IAF
and its operational features, it is worthwhile to describe its individual component frameworks.

A. The Driver-Pressure-State-Impact-Response framework (DPSIR)

The DPSIR framework evolved from the Stress-Response (S-R) framework developed by
Statistics Canada in 1979 (Friend and Rapport, 1991) and the Pressure-Stress-Response (P-S-
R) framework used by the Organization of Economic Cooperation and Development (OECD,
1993). It was first applied in its present form (DPSIR) by the European Environment Agency
(EEA) in the Dobris Assessment of Europe’s environment (Air, Water, and Soil) (EEA, 1995).

The categories of DPSIR are defined by EEA (2003) as follows: driving forces describe the
social, demographic and economic developments in societies and the corresponding changes in
life styles, overall levels of consumption, and production patterns; pressure indicators describe
developments in release of substances (emissions), physical and biological agents, the use of
resources and the use of land by human activities; state indicators give a description of the
guantity and quality of physical phenomena (such as temperature), biological phenomena (such
as fish stocks) and chemical phenomena (such as atmospheric CO, concentrations) in a certain
area; the changes in state produce impacts on the functions of the environment, such as
human and ecosystem health, resources availability, losses of manufactured capital, and
biodiversity; and finally responses are the actions taken by groups (and individuals) in society
as well as the governments™ attempts to prevent, compensate, ameliorate or adapt to changes
in the state of the environment.

In the DPSIR framework, the causal links are expressed in such a way that the driving forces
produce pressures causing a change in the state of the environment, which create impacts on
ecosystem functions and human welfare, eventually leading to societal responses (EEA, 1999).

H2020 WEFE interdependencies across the Nile River Basin
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The five categories of the framework occupy unique positions in the sequence and yet are
connected and create feedback loops (Gari et al., 2015).

The framework has been extensively used on both the terrestrial and the aquatic environment.
The reason for its wide use is that it provides a framework for multidisciplinary assessment of
the environment in relation to anthropogenic activities. It considers human activities as an
integral part of the ecosystem and brings together natural science, social science and
economics in one framework for adaptive management (Zaldivar et al., 2008). Similarly, Smeets
and Weterings (1999) gave two reasons for the wide application of the framework: (a) it
structures the indicators with reference to the political objectives related to the environmental
problem addressed; and (b) it focuses on supposed causal relationships in a clear way that
appeals to policy actors. Gari et al. (2015) reviewed the applications of DPSIR, particularly on
coastal social-ecological systems and found a number of appreciations in regard to the
framework. Thus, the DPSIR was appreciated as a broad analytical framework (Bidone and
Lacerda, 2004), a powerful scoping framework for complex environmental issues (Karageorgis
et al., 2006), and useful for the evaluation of the cost effectiveness of policy responses
(Nobre,2009) ; a framework with  communicative power, cause-effect linkages of environmental
problems, multidisciplinary approach and provision for stakeholder participation (e.g. Bidone
and Lacerda, 2004; Giupponi, 2007; Ojeda-M. et al., 2009; Atkins et al., 2011; Kelble et al.,
2013).

However, The DPSIR framework has been subjected to a considerable number of criticisms.
The first cautionary words regarding the use of DPSIR come from the EEA itself, which warns
that since the real world is far more complex than can be expressed by simple causal relations
as in DPSIR, clear and specific information on the five categories is needed for the purpose of
making policies (EEA, 1995). Although DPSIR is useful for describing the origins and
consequences of environmental problems, the links between them should be focused in order to
understand their dynamics, because the level of influence of each category on the other is
determined by ecological, technological and social factors (EEA, 1999).

Rekolainen (2003) mentions four shortcomings of the framework: (i) it creates a set of static
indicators that serve as a basis for analysis, not taking into account the changing dynamics of
the system; (ii) it does not capture trends except by repeating the study of the same indicators
at a regular intervals; (i) DPSIR does not illustrate clear cause-effect relations for
environmental problems; and (iv) it suggests linear unidirectional causal chains in the context of
complex environmental problems.

Others associate it with power difference in which it favors the elite as response makers at the
expense of the lower section of the society (Carr et al., 2007). Svarstad et al. (2008) argue that
it falls short of establishing good communication between researchers, on the one hand, and
stakeholders and policy makers on the other; furthermore, it does not address multiple
definitions of issues by different stakeholders. Some other criticisms are that it is too simplistic
and ignoring synergy (Maxim et al., 2009), a devise with low precision and unavailable to the
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wider public (Bell, 2012), a framework which lacks precise definition of categories, with unclear
boundary between state and impact (Cooper.2012).

Some of the criticisms (e.g. low communication power, low cause-effect relations) are a direct
contrast to the very objective DPSIR was created for. Some arguments against these
assumptions can be found in Gari et al. (2015). These authors, however, found out how the
definitional discrepancies of the DPSIR information categories stand out in the reviewed works.
This was not because of the inherent characteristics of the framework but according to Gari et
al. (2015), due to differences of opinions, the characteristics of the cases under study (context),
misunderstanding of the concepts and an unclear understanding of the system under
consideration. To overcome the real limitations of the framework several researchers have
suggested various methods such as combining DPSIR with other methods, models and a
change in the definitions of some terms (see Gari et al., 2015).

Response

¥ 3

Drivers

‘ -

State

Figure 1: The DPSIR framework ( source: Gari et al, 2015)

B. The Systems Approach Framework (SAF)

B.1. Systems thinking

A systems thinking is as old as Greek civilization dating back to the times of Aristotle where the
word Synistanai, meaning to bring together or combine was the basis for the term System. A
system, according to von Bartalanffy (1968) consists of interacting parts, which usually contain
feedback loops that create emergent properties additional to that of individual parts. Moreover,
H2020 WEFE interdependencies across the Nile River Basin
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systems have boundaries and hierarchies (sub-systems), and could be either open or closed.
Similarly Churchman (1968) states that a system is a set of interacting and interdependent
entities (real or abstract) that form a whole. Since the property of a system is not simply
determined by the sum of its components, these works advocate the study of the system as a
whole in order to understand its functioning. In line with this the Systems Approach Framework
(SAF) was adopted and tested as a methodological framework in the EU Science and Policy
Integration for Coastal Systems Assessment (SPICOSA) project on 18 European coastal sites
(Hopkins et al, 2011).

SAF combines the general (hard) system methodology (GSM) that considers parts of a system
are real, and the soft system methodology (SSM) that considers a system as a mental construct
used to understand the world (Tett et al, 2011). To illustrate this combination , the authors
further explain that SAF believes in the existence of the complex coastal SES (GSM), but
because they are too complex, only the elements most relevant to the issue at hand should be
conceptualized (SSM). Finally, the SAF is holistic, contrasting the focus on parts, and addresses
multiple issues and tradeoffs. (Tett et al, 2011).

B.2. The steps of SAF

The SAF comprises four steps ( fig.X). They are System Design, System Formulation, System
Appraisal and System Output (SPICOSA, DoW, 2009, Hopkins et al, 2011, Gari et al.,
2014).Tett et al. (2011), on the other hand, separate the Issue identification as one step and
raise the number of steps to five. Issue identification forms part of the system design in the other
works. The latter five step approach is followed in the present paper.

In the issue identification step where the economic activities producing impact and the
stakeholders are identified and mapped. Once the issue linking the impact with the drivers
(socio-economic activities) and the responses is identified, scenarios linked to several policy
options are developed and indicators are defined. The system design step deals with defining
the system boundary and system elements relevant to the issue. Then a conceptual model,
representing the virtual system in which the most relevant relationships in the complex SES are
depicted, is developed. Furthermore, the methods to be employed in the study and the likely
information sources are identified at the system design step. The correspondence of the
conceptual model with the issue as well as the prospect of data availability is also verified.

The System Formulation step deals with the development of a mathematical model out of the
conceptual model constructed in the System Design step. The models represent the Ecological,
Social and Economic aspects of the social-ecological system, thus termed ESE models. The
necessary inputs for running the models are determined at this step. The next step, System
Appraisal involves linking the ESE models and running scenario simulations. The results of the
simulations are interpretatively analyzed. The final step is System Output, where the output

H2020 WEFE interdependencies across the Nile River Basin
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package is prepared and disseminated to the stakeholders, policy makers and the public in
appropriate formats.

Issue Identification
1. Stakeholders dialogue 3.Policy options

2. Dysfunction diagnosis 4. Indicators definition

|

1. System definition 3. Problem scaling

System Design

2. Conceptual model 4. Methods and information

|

System Formulation

Conceptual model develops into a mathematical
model.

\Includes ecological, social and economic models.

l

System Appraisal

1. Construction of linked ESE model

2. Running scenario simulations

3. Interpretative analysis
System Output k.
Preparation of the output package r
Dissemination in appropriate forms

Figure 3: the Systems Approach Framework (SAF) steps

The SAF was developed by the Science and Policy Integration for Coastal Systems
Assessment (SPICOSA) project and tested in 18 Study Site Applications (SSAS) in different
parts of Europe (Tett et al., 2011; Hopkins et al., 2011, Hopkins et al., 2012). It was applied for
different coastal zone issues ranging from ecological problems to the testing of the

H2020 WEFE interdependencies across the Nile River Basin



s WACONI & g , Q
e g"crg -‘;ab‘g‘ u TRAnstmchM;zA f-é
WAter and COoperation within the Nlle River Basin Deliverable EIWR.3

stakeholders-research mutual influence. Based on the SPICOSA project which classified the
research tasks executed on the 18 SSAs into 7 classes ( www.costal-saf.eu) the cases could
,however, be broadly classified into 5 classes as follows: (1) Those which assessed fisheries
management (e.g. Canu et al.,, 2011; Moksness et al., 2012), (2) Those which specifically
assessed the interaction between N-load, eutrophication and socio-economic activities and the
consequent ecological impact (e.g. Franzen et al., 2011; Dinesen et al., 2011; Schernewski et
al., 2012;Vermaat et al.,, 2012), (3) Research tasks dealing with shellfish, fishing and
aquaculture (e.g. Caroppo et al., 2012; Konstantinou et al., 2012). (4)Studies on the impact of
socio-economic activities on water quality (e.g. Tomlinson et al., 2011; Guimarées et al., 2012;
Tolun et al., 2012; Monchova et al., 2012), and (5) assessment on water management ( e.g.
Mongruel et al., 2011).

In addition to the 18 study sites the SAF approach was used to assess conflicts between
recreational yachting and shellfish aquaculture (Mussel farm) in Loch Fyne, Scotland (Tett et al.,
2012).Similarly, the interaction between stakeholder (mussel farmers) and scientists and the
role of funding institutions was assessed through the SAF, in the Gulf of Trieste, Adriatic sea
(Canu and Solidoro, 2014). Furthermore, SAF was tested for the management of eutrophication
in the Ria Formosa, Portugal (Gari et al., 2014).

The strong point of the SAF approach is inclusion of the stakeholders in the study from the
outset. This starts from the identification of the issue and proceeds into the output step, where
the research results are presented, discussed and disseminated. Even after that, the iterative
nature of the approach allows further communications among the stakeholders, policy makers
and scientists. According to Franzen et al (2011) the WFD identifies three levels of
stakeholders’ participation: Information, consultation and active involvement. The SAF highly
encourages an active involvement of not only the stakeholders but also policy makers during the
whole process of application of SAF. Stakeholders’ involvement has been praised to be highly
beneficial to a research project in the identification of policy issues, policy options and
management scenarios, building trust among them ( Franzen et al., 2011; Caroppo et al,2012;
Kratzer et al., 2014). Multidisciplinary of the study team, conceptualization of the complex SES
into a virtual system, coupling the ecological, social and the economic models and simulation in
the presence of participants, facilitated communications , iteration and self-evolution are
features that make the SAF useful for finding solutions to coastal zone problems. Hopkins et al.
(2011) lists some of the useful characteristics of SAF as follows: Question-driven, holistic,
hierarchical, iterative, system independent and self evolving.

Noted limitations of the SAF were the study might not address the broader stakeholders’
perspective. For example, in the case of Himmerfjarden, due to model simplification owing to
deficient availability of data and other technical considerations, a narrower issue of nitrogen
management was considered instead of eutrophication; moreover fewer policy options and a
narrower system was modeled (Franzen et al. 2011). Stakeholders’ participation may be low if
the perceived benefits are lower than the participation costs and where there exists distrust
among the stakeholders (Canu and Solidoro, 2014). Moreover there is no single effective

H2020 WEFE interdependencies across the Nile River Basin
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strategy to guarantee stakeholders participation. It requires the art of communicating with
different stakeholder types, taking in to consideration the cultural, educational and professional
background.

C. The Social-Ecological Systems Framework (SESF)

Ostrom’s general SES framework (SESF) for analyzing social-ecological systems, developed in
2007 (Fig.2) has its roots in the previous works of institutional analysis and development (IAD).
The IAD and Robustness frameworks constructed by Ostrom et al. (1994), and by Anderies and
Ostrom (2004) respectively have contributed to the development of SESF. The SESF can
organize different variables identified by different disciplines in a common framework , and
facilitates multidisciplinary efforts toward a better understanding of complex social-ecological
systems Ostrom (2009).1t enables researchers of diverse disciplinary backgrounds to share a
common vocabulary for the construction and testing of alternative theories and models
(McGinns and Ostrom, 2014). This framework was revised to generalize its application to
complex multi-source systems. The restrictive term user was replaced with the more generic
term actor and more complex patterns of interactions among multiple actors and resource
systems in the context of overlapping governance systems were introduced (McGinns and
Ostrom, 2014).

Social, economic, and political settings (S)

i

» Resource Governance
system (RS) system (GS)
y ¥
V. » 4 3\
Resource ! | 4 (ors
units (RU) > Interactions () & > )
* A
. Y y
s QuicOmMes (0) ——==

!

Related ecosystems (ECO)

Figure 3: An overview of the framework, showing the relationships among four first-level core
subsystems (first- tier variables) of an SES that affect each other as well as linked social,
economic, and political settings and related ecosystems (Ostrom, 2009).

Under the components shown in figure 3, 51 second-level variables which grew in to 56 (table
1) were also listed by Ostrom that were identified in many empirical studies as affecting
interactions and outcomes within an SES. Ostrom (2009) details the usefulness of the
framework as providing a common set of potentially relevant variables such as these to be used
in the design of data collection instruments, the conduct of field work and analysis of findings of

H2020 WEFE interdependencies across the Nile River Basin



KN WACONI Q
ok AD =
European TRANSFORMING AFRICA -
WAter and COoperation within the Nlle River Basin Deliverable EIWR.3

the sustainability of a complex SES. She further explains that it helps identify factors that may
affect the likelihood of policies enhancing sustainability in one type and size of a resource
system and not in others.

Table 1: First and second tier variables. (Source: McGinnis and Ostrom, 2014).

Social, economical and political settings (S)
S1- Economic development. S2- Demographic trends. S3- Political stability.
S4- Government resource policies. S5- market incentives. S6- Media organizations.
S7- Technology

Resource systems (RS) Governance systems (GS)

RS1 — Sector (e.g., water, forests, pasture, fish) | GS1 — Government organizations

RS2 — Clarity of system boundaries GS2 - Nongovernment organizations
RS3 — Size of resource system GS3 — Network structure

RS4 — Human-constructed facilities GS4 — Property-rights systems

RS5 — Productivity of system GS5 — Operational-choice rules

RS6 — Equilibrium properties GS6 — Collective-choice rules

RS7 — Predictability of system dynamics GS7 — Constitutional-choice rules

RS8 — Storage characteristics GS8 — Monitoring and sanctioning rules

RS9 — Location

Resource units (RU) Actors (A)

RU1 — Resource unit mobility Al — Number of relevant actors

RU2 — Growth or replacement rate A2 — Socioeconomic attributes

RU3 — Interaction among resource units A3 — History or past experiences

RU4 — Economic value A4 — Location

RUS5 — Number of units A5 — Leadership/entrepreneurship

RUG6 — Distinctive characteristics A6 — Norms (trust-reciprocity)/social capital
RU7 — Spatial and temporal distribution A7 — Knowledge of SES/mental models

A8 — Importance of resource (dependence)
A9 — Technologies available

Action situations: Interactions (I) — Yutcomes (O)
I1 — Harvesting
I2 — Information sharing 01 - Social performance measures (e.g.,
I3 — Deliberation processes efficiency, equity, accountability, sustainability)
14 — Conflicts
I5 — Investment activities 02 - Ecological performance measures (e.g.,
16 — Lobbying activities overharvested, resilience biodiversity,
I7 — Self-organizing activities sustainability)
I8 — Networking activities
19 — Monitoring activities 03 - Externalities to other SESs

110 — Evaluative activities

Related ecosystems (ECO)
ECO1 - Climate patterns. ECO2 — Pollution patterns. ECO3 — Flows into and out of focal SES

H2020 WEFE interdependencies across the Nile River Basin
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As the framework was developed relatively recently, it is not yet widely applied to diagnosing the
functionality of an SES. However, several works can be mentioned. It was applied on small
scale fishery CPRs on the gulf of California, Mexico (Basurto and Ostrom, 2009; Basurto and
Nenadovich,2012), on intentional forestry communities of Southern Indiana, USA (Fleishman,
2010) and on voluntary environmental initiatives in tourism in different parts of the world
(Blanco,2010). Ostrom (2010) theoretically applied the SESF to four cases studied by Coman
(1911) on irrigation CPR in the arid / semi arid plains of the American west. It was also used by
Madrigal et al. (2010) to study four contrasting cases related to drinking water supply in Costa
Rica. Similarly, Schliter and Madrigal (2012) applied SESF on a community development
organization that harvest turtle eggs along the pacific coast of Costa Rica. Schluter et al. (2014)
tested the application of SESF for constructing a dynamic SES model representing a
recreational fishery.

The European project COMET-LA (2012-2015) ( www.comet-la.eu) , which was tasked to
finding community-based sustainable management and governance models to the marine and
coastal systems in Argentina, water and biodiversity in Colombia and forest systems in Mexico
applied the SESF for analyzing the social-ecological systems selected for the study. The
management models thus identified and analyzed are supposed to be up scaled to wider
geographical areas.

In appreciation of the framework, Schliiter and Madrigal (2012) declare the SESF to be a broad
analytical tool applicable across all types of ecological systems. It allows the interpretation of
rational human behavior and the intrinsic motivations guiding their actions. Schluter et al. (2014)
appreciate the SESF for its suitability to develop dynamic SES models due to its theory-
neutrality and capacity to integrate knowledge, theories and approaches of different disciplines.
The framework guides the identification of relevant variables and processes, facilitating the
conceptualization of the structure and interactions of an SES in a consistent and transparent
manner (Schliter et al., 2014).

On the other hand, the same authors reveal some of its limitation such as ambiguity of a few
terms, and lack of detailed instructions on the measurement of variables. Epistein et al. (2014)
assert that SESF, owing to its origin in the institutional analysis, does not lend sufficient
attention to the ecological side of an SES. Cole et al (2014) criticizes the framework for its lack
of dynamism. Hinkel et al. (2014) highlight a few limitations of the SES framework such as ;
ambiguity of some variables attached to actors, and inadequate information on the relationships
between the outcome metrics and the relevant variables of RS,GS,RU, and A. Moreover, the
names of the variables under interactions suggest an interpretation that they are processes
rather than variables and SESF does not provide adequate information about which lower tier
variables are involved in action situations.

2.1. The Integrated Analytical Framework

As explained earlier, the integration of the above three frameworks is not based solely on
complementariness. It rather draws on the strengths of the frameworks. It is believed that

H2020 WEFE interdependencies across the Nile River Basin
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combining frameworks with an aim to make use of the strong features of each is an indirect but
more efficient way of complimenting one another. Thus, the SAF with its emphasis on the
stakeholders’ involvement, communication among participants, and science and policy
integration will form the base of the framework. It has clear cut, iterative steps which make it a
suitable framework for easier information flow and communication. Moreover, it is a holistic,
dynamic framework which simulates different management scenarios based on multiple policy
options and addresses multiple issues at a time. Its dynamism is expressed also in its iterative
nature which facilitates self evolution which resonates with the characteristics of an adaptive
management. The DPSIR is useful for the identification of the cause-effect relationship between
human activities and their consequences. Integrated in the SAF after the issue identification
step, it serves to make linkages between the five categories in the DPSIR chain, thereby
elucidating what happens in the system. The SESF, while considering the ecological system
and calls for multidisciplinary approach for the management of complex SESs, however,
emphasises more the institutional arrangements in governing SESs. The framework contains
about 56 variables, belonging to the first and second tier variables, encompassing the
governance, socio-economic, political and ecological characteristics of an SES. Furthermore, it
supplies the possibility of subdividing the second tier variables in to 3™ or even 4™ level
variables if necessary (Mardigal,2011). So, in combining the SESF framework it is envisaged
that, the framework can serve as a reservoir of variables out of which the researchers can use
relevant ones for the study. This ensures no relevant features of an SES are left out. Therefore,
in the SAF when the ESE model is constructed it can serve as a source of relevant ecological
and social variables as suggested by Schluter et al. (2014).

In the SAF-DPSIR-SESF Integrated Framework ( Fig. 4), SAF is taken as the stem framework
to which the DPSIR and the SES frameworks are integrated. The DPSIR is used in the System
Design step as a component part of the information gathering task. It links anthropogenic
activities to the pressure on, and change in the environment and the consequent impacts on
humans. In the SAF approach impact is perceived as an effect both on humans and the
environment. But according to the recent development of DPSIR, impact refers to those on
human welfare. In this study the latter view is followed, while the environmental impact belongs
to the state change. Response is put in parenthesis to indicate that though SAF is more
concerned with future responses, past responses are also considered by the DPSIR framework.
Past responses could be included as policy options when running scenario simulations in the
System Appraisal step.

The SESF, as a rich reservoir of variables belonging to the governance, ecological, social
systems can be used at all steps of SAF. It can equally be used in the System Design step for
stakeholder mapping, system description and construction of the conceptual model, as it can be
used for construction of ESE models in the System Formulation step. Moreover, in the System
Appraisal step where different governance options are considered and the likely scenarios are
simulated, and in the System Output step, where stakeholders, policy makers and scientists
deliberate, it ensures no relevant item is left out by providing numerous variables as reminders.

H2020 WEFE interdependencies across the Nile River Basin
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Strength-Weakness-Opportunity-Threat (SWOT) analysis is incorporated in the Integrated
Framework. It is suggested to be done at two stages; Initially on the present system through the
stakeholders interactions and literature review ( Canu et al.,2011) in order to build upon the
strengths and identify weaknesses to be addressed later, and after the Integrated Framework
has been tested. True to the iterative nature of the SAF, the second step helps to exploit
strengths and opportunities the IF produces whereas it enables to redress weaknesses and
remove threats that might arise out of the application of the IF. Making use of the feedback from
the SWOT analysis, the Integrated Framework can be modified and be used as an adaptive
management tool. Hence several feedback loops can be identified in this framework. First there
are iterative processes along the steps, second the Output Step supplies a feedback to the
System Design step, and third the SWOT analysis gives a feedback as the overall performance

of the framework.

K Issue Identification \ 5 System output

Stakeholder mapping Interactions (I12-13; I7-18) Outcomes (01-03)

Actors (A) Governance system (GS)

-~

Identification of economic activities

- h 4

Identify and agree issue /4 System appraisal \
- (ESE model coupling and scenario simulation)
| Information sharing (I2) | | Deliberation process (I3) ]

Management / Policy Options — — - —
| Governance system (GS) |- | Selforganizing activities (I7) || Networking activities (I8) |

\ / e | Evaluation activities (I10) | )
o

I [ 3
System design \

A 4
System definition Methods & Information /; System formulation \
Resource system _ Economic model Social model
& SESF components | | [+=#| | Resource units ®U) | ||| Demographic activities 52) |
Conceptual model Economic model
\ Resource system (RS) | - j |Mulmtincentive(§5) || Tnvestment activities (I5) |/

Legend: l:l SAF components - DPSIR components D SE SF components
Figure 4: Integrated Analytical Framework
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2.1.1. Operational description of the IAF

In figure 4 the variables provided by the three frameworks are color highlighted (DPSIR: Light
blue; SAF: yellow; SESF: Green).

e |ssueidentification step:

» Stakeholders are identified and mapped through the help of SESF variables:
Actors (A) and Governance Systems (GS). SESF variables are listed in table X.

» To identify economic activities, the DPSIR component "D” will be used.

» To agree on an issue for the study, the DPSIR components "PSI" and SESF
variables: Interactions (1) will be employed.

» Several field and laboratory studies will be conducted. The tools to be used are
GIS (land use mapping), Laboratory instruments (for water quality parameters
measuring) and interviews ( for general information)

» To deal with management/policy options the SESF variables:"GS™ will be used.

» In the same manner, different variables supplied by the three frameworks as
indicated in figure X will be used in the subsequent steps.

e System design step:

» The system to be studied will defined. Based on the virtual system conceptual
model is made.

e System formulation step: Economic (E), social(S) and ecological (E) models are
constructed and run.

e System appraisal step consists of coupling the ESE models and simulation of
management scenarios.

e System output step: the results of the project are summarized and prepared in various
formats for dissemination and communication. The outputs are reports, peer-reviewed
articles, a model, policy briefs, newsletters and other types of deliverables.

e SWOT analysis is incorporated in the IAF at two stages:

» initially on the present system to build upon the strengths and identify
weaknesses. For example, it can assess how predictable the stakeholders’
participation in the project could be.

» And after the IAF is used, to exploit the strengths and opportunities the IAF
provides. The feedback from the SWOT analysis enables redressing
weaknesses and removing threats that might arise out of the application of the
IAF, making it an adaptive management method.

» The double arrows indicate bi-directional information flow between any two steps.
This serves to refine the steps and ensure IAF's adaptive nature.

Remark: A number of information gathering approaches will be adopted. These include semi-
structured interviews, observations, deliberative and demonstrative workshops. Moreover,
literature search will be made through out the project cycle. Based on the results of the System
design step, which provides inputs; specific ecological, social and economic models will be
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constructed using EXTEND-SIM modeling tool or alternative modeling tool depending on
expertise , and other auxiliary models.

References

Anderies J.M., Ostrom. E., 2004. A Framework to Analyze the Robustness of Social-
ecological Systems from an Institutional Perspective. Ecology & Society 9 (1): 18.

Atkins, J. P., Burdon, D., Elliot, M., Gregory, A.J., 2011. Management of the marine
environment: Integrating ecosystem services and societal benefits with the DPSIR
framework in a systems approach. Marine Pollution Bulletin 62: 215-226.

Basurto,X., Ostrom,E. 2009. Beyond the tragedy of the commons. Economia delle
fonti di energia e dell’lambiente 1: 35-60.

Basurto,X. and Nenadovic, M., 2012. A Systematic Approach to Studying
Fisheries Governance. Global Policy 12 ( 2): 222-230.

Bell, S., 2012. DPSIR = A Problem Structuring Method? An exploration from the
“Imagine” approach. European Journal of Operational Research 222: 350-360.

Bidone , E. D. and Lacerda, L.D., 2004. The use of DPSIR framework to evaluate
sustainability in coastal areas. Case study: Guanabara Bay basin, Rio de Janeiro,
Brazil. Regional Environmental Change 4: 5-16.

Blanco, E., 2011. A social-ecological approach to voluntary environmental initiatives: the
case of nature-based tourism. Policy Science 44: 35-52.
Caroppo,C., Giordano,L., Palmieri,N., Bellio,G., Bisci,A.P., Portacci,G., Sclafani,P.,

Hopkins,T.S. 2012. Progress Toward Sustainable Mussel Aquaculture in Mar Piccolo,
Italy. Ecology and Society 17(3): 10.

Carr, E. R., Wingard,P.M., Yorty,S.C.,Thompson,M.C., Jensen,N.K., Roberson. J.,
2007. Applying DPSIR to Sustainable Development. International Journal of Sustainable
Development & World Energy 14: 543-555.

Churchman,C.W., 1968. The System Approach . Delacorte Press, University of
California. 243pp.

Cole.D.H., Epistein, G., McGinnis, M.D., 2014 Toward Institutional analysis of

H2020 WEFE interdependencies across the Nile River Basin



= WACONI N > -y,
e g"crg -‘;ab‘g‘ u nnnnnnnnnnnn GAAF ;CA f-é
WAter and COoperation within the Nlle River Basin Deliverable EIWR.3

Social-Ecological Systems (NIASES): Combining Elinor Ostrom’s IAD and SES
frameworks. Research paper 299: 27pp

Cooper, P., 2012. The DPSWR Social Ecological Accounting Framework; Notes on its
definition and application. Bath, School of Management, University of Bath, Bath
BA27AY. 13pp.

Dinesen,G.E., Timmermann,K., Roth,E., Markager.,S., Ravn-Jonsen,L., Hjorth.M.
Marianne Holmer,M., Josianne G. Stattrup,J.G. 2011. Mussel Production and Water
Framework Directive Targets in the Limfjord, Denmark: an Integrated Assessment for
Use in System-Based Management.Ecology and Society 16(4): 26.

EEA, 1995. Europe’s Environment: the Dobris Assessment, Copenhagen, European
Environmental Agency.8pp.

EEA, 1999. Environmental Indicators: Typology and overview, European Environment
Agency. 19pp.

EEA. 2003. Environmental Indicators: Typology and Use in Reporting, European
Environment Agency. 20pp.

Epistein, G ,. Vogt , J, M. , Cox, M, Fisher, B., 2014. Missing ecology: integrating
ecological perspectives with the social-ecological system framework. International
Journal of the Commons 7 (2): 432-453.

Fleischman, F.D., Boenning ,K, Garcia-Lopez,G.A., Mincey,S., Schmitt-Harsh,M.,
Daedlow ,K, Lopez ,M.C., Basurto,X. Fischer,B.,Ostrom,E. 2010. Disturbance,
Response, and Persistence in Self- Organized Forested Communities: Analysis of
Robustness and Resilience in Five Communities in Southern Indiana. Ecology and
Society 15 (4): 9.

Franzén,F., Kinell,G., Walve , J., Elmgren,R., S6derqvist.T. 2011. Participatory Social-
Ecological Modeling in Eutrophication Management: the Case of Himmerfjarden,
Sweden. Ecology and Society 16(4): 27.

Friend, AM. & Rapport, D.J. 1991. Evolution of macro-information systems for
sustainable development. Ecological Economics 3: 59-76.

Gari, S.R., Newton,A., Icely, J.D., Lowe, C.D., 2014. Testing the application of the
Systems Approach Framework (SAF) for the management of eutrophication in the Ria
Formosa. Marine Policy 43: 40-45.

H2020 WEFE interdependencies across the Nile River Basin



s WACONI S % , Q
e n™ %’a; .‘;a bgg‘ u nnnnnnnnnnnn GAAF ;CA f-é
WAter and COoperation within the Nlle River Basin Deliverable EIWR.3

Gari, S.R., Newton, A., J.D Icely, 2015. A review of the application and evolution of the
DPSIR framework with an emphasis on coastal social-ecological systems. Ocean &
Coastal Management 103: 63-77.

Giupponi, C., 2007. Decision Support Systems for implementing the European Water
Framework Directive: The MULINO approach. Environmental Modelling & Software 22:
248-258.

Guimaraes, M.H.E., Mascarenhas,A., Sousa,C., Boski,T., Dentinho,T.B. 2012. The
impact of water quality changes on the socio-economic system of the Guadiana
Estuary: an assessment of management options. Ecology and Society 17(3): 38.

Hinkel , J., Bots ,P.W.G., Schluter, M. 2014. Enhancing the Ostrom social-
ecological system framework through formalization. Ecology and Society 19(3): 51.

Hopkins, T.S., Bailly,D., Stettrup ,J.G. 2011. A Systems Approach Framework for
Coastal Zones.Ecology and Society 16(4): 25.

Hopkins, T.S., Bailly,D., ElImgren,R., Glegg., G, Sandberg, A., ., Stattrup ,J.G. 2012.
A Systems Approach Framework for the Transition to Sustainable Development:
Potential Value Based on Coastal Experiments. Ecology and Society 17(3): 39.

Karageorgis,A.P., Kapsimalis,V., Kontogianni, M. Skourtos,M., Kerry R,
Wimsalomons, T., 2006. Impact of 100-Year Human Interventions on the Deltaic
Coastal Zone of the Inner Thermaikos Gulf (Greece): A DPSIR Framework Analysis.
Environmental Management 38(2): 304-315.

Kelble, C.R., Loomis, D.K., Lovelace, S., Nuttle, W.K., Ortner, P.B., Fletcher,P.,
Cook,G.S., 2013. Lorenz, J.J., Boyer,J.N., The EBM-DPSER Conceptual Model:
Integrating Ecosystem Services into the DPSIR Framework. PLOS One 8 (8): 1-12.
Klotz, S., 2007. Drivers and Pressures on Biodiversity in Analytical Frameworks.
Environmental Science and Technology 25: 252-262.

Konstantinou,Z.l., Krestenitis,Y.N., Latinopoulos ,D., Pagou,K., Galinou-Mitsoudi ,S.,
Sawvidis,Y. 2012. Aspects of Mussel-Farming Activity in Chalastra, Thermaikos Gulf,
Greece: An Effort to Untie a Management Gordian Knot. Ecology and Society 17(1): 1.

Kratzer ,S, E.Therese Harvey,E.T., Philipson, P. 2013. The use of ocean color
remote sensing in integrated coastal zone management—A case study from
Himmerfjarden, Sweden. Marine Policy, 43:29-39.

Madrigal, R., Alpizar,F., Schliter,A. 2010.Determinants of Performance of Drinking-
Water Community Organizations: A Comparative Analysis of Case Studies in Rural
H2020 WEFE interdependencies across the Nile River Basin



s WACONI S % , Q
e n™ %’a; .‘;a bgg‘ u nnnnnnnnnnnn GAAF ;CA f-é
WAter and COoperation within the Nlle River Basin Deliverable EIWR.3

Costa Rica. Environment for development: 32pp.

Maxim, L., Spangenberg, J.H., O'Connor.M., 2009. An analysis of risks for biodiversity
under the DPSIR framework. Ecological Economics: 12pp.

McGinnis, M., Ostrom E., 2014. SES framework: Initial changes and continuing
challenges. Ecology and Society 19 (2): 30.

Moksness,E., Gjgseeter,J., Lagaillarde,G., Mikkelsen,E., Olsen,E.M., Sandersen,H.T.,
Vgilstad,J.H., 2011. Effects of Fishing Tourism in a Coastal Municipality: a Case Study
from Risgr, Norway. Ecology and Society 16(3): 11.

Mongruel ,R., Prou,J., Ballé-Béganton,J., Lample,M., Vanhoutte-Brunier ,A.V.,
Réthoret ,H., Agundez,J.A.P., Vernier,F., Bordenave,P., Bacher,C. 2011. Modeling
Soft Institutional Change and the Improvement of Freshwater Governance in the
Coastal Zone. Ecology and Society 16(4): 15.

Nobre, A. M., 2009. An Ecological and Economic Assessment Methodology for Coastal
Ecosystem Management. Environmental Management 44: 185-204.

OECD, 1993. OECD core set of indicators for environmental performance reviews,
Organization for economic cooperation and development, Paris, France. 93pp.

Ojeda-M. C., Casalduero,F.G., Bayle-S. J.T., Cebrian,C.B., Valle,C. , Sanchez-L. J.L.,
Forcada,A.

Sanchez-J.P., Martin-S.P., Falcon,J.M., Salas,F., Graziano,M., Chemello,R., Stobart
,B., Cartagena,P., Perez-R.A., Vandeperre,F., Rochel,E., Planes,S., Brito,A., 2009. A
conceptual framework for the integral management of marine protected areas. Ocean &
Coastal Management 52 : 89-101.

Ostrom, E., Gardner,R. Walker, J., 1994. Rules, Games, and Common-Pool Resources.
Ann Arbor: University of Michigan Press.

Ostrom , E., 2009. A General Framework for Analyzing the Sustainability of Social-
Ecological Systems. Science 325: 419-421.

Ostrom, E. 2011. Reflections on “Some Unsettled Problems of Irrigation. American
economic review 101: 49-63.

H2020 WEFE interdependencies across the Nile River Basin



R WACONI

Commission

WAter and COoperation within the Nlle River Basin Deliverable EIWR.3

Rekolainen, S., Kamari, J., Hiltunen,M., 2003. A conceptual framework for identifying
the need and role of models in the implementation of theWater Framework Directive.
International Journal of River Basin Management 1(4): 347-352.

Schernewski ,G., Stybel,N.,, Neumann,T. 2012. Zebra Mussel Farming in the Szczecin
(Oder) Lagoon: Water-Quality Objectives and Cost-Effectiveness. Ecology and Society
17(2): 4.

Smeets, E. and Weterings, R., 1999. Environmental indicators: Typology and overview.
Technical report No 25, EEA: 19pp.

Schliter,A. , Madrigal, R. 2012. The SES Framework in a Marine Setting:
Methodological Lessons. RMM 3: 148-167.

Schliater, M ., Hinkel , J. Bots ,P.W.G.Arlinghaus,R. 2014. Application of the SES
Framework for Model-based Analysis of the Dynamics of Social-Ecological Systems.
Ecology and Society 19(1): 36.

SPICOSA. 2009. Description of work. SPICOSA Project.

Svarstad, H., Petersen,L.K., Rothman, D., Siepel,H., Watzold, F., 2008. Discursive
biases of the environmental research framework DPSIR. Land Use Policy 25: 116-125.

Tett, P., Sandberg, A., and A. Mette. 2011. Sustaining coastal zone systems.
Edinburgh, Dunedin Academic Press.

Tett, P., Sandberg, A. 2011 Introduction. Pages 103-135 in Tett, P., Sandberg, A.,
Mette, A., editors. Sustaining coastal zone systems. Dunedin Academic Press,
Edinburgh, UK.

Tett,P., Valcic,B.,Potts,T., Whyte ,C., Culhane,F., Fernandes,T. 2012. Mussels and
Yachts in Loch Fyne, Scotland: a Case Study of the Science-Policy Interface. Ecology
and Society 17(3): 16.

Tolun |L.G,, Ergenekon, S., Hocaoglu,S.M., Donertas ,A.S., Cokacar,T.,
Husrevoglu,S., Beken,C.P., Baban,A. 2012. Socioeconomic Response to Water
Quality: a First Experience in Science and Policy Integration for the Izmit Bay Coastal
System. Ecology and Society 17(3): 40.

H2020 WEFE interdependencies across the Nile River Basin



R WACONI

ommission

WAter and COoperation within the Nlle River Basin Deliverable EIWR.3

Tomlinson,B., Sastre,S., Blasco,D., Guillén,J., 2011. The Systems Approach
Framework as a Complementary Methodology of Adaptive Management: a Case Study
in the Urban Beaches of Barcelona. Ecology and Society 16(4): 28.

Vermaat,J.E., Broekx,S., van Eck,B., Engelen ,G., Hellmann,F., De Kok, J.L.,van der
Kwast,H., Maes,J., Salomons,W., van Deursen,W. 2012. Nitrogen Source
Apportionment for the Catchment, Estuary, and Adjacent Coastal Waters of the River
Scheldt. Ecology and Society 17(2): 30.

Zaldivar, J., Cardoso, A., Viaroli, P., Newton, A., Wit, R., Ibafiez, C., Reizopoulou, S.,

Somma, F., Razinkovas, A., Basset, A:, Holmer, M., Murray, M., 2008. Eutrophication in
transitional waters: an overview (JRC-EU).Transitional Waters Monographs 1: 1-78.

H2020 WEFE interdependencies across the Nile River Basin



R WACONI

Commission

WAter and COoperation within the Nlle River Basin Deliverable EIWR.3

Chapter 2: Detailed guideline to use the Integrated Analytical Framework (IAF)

As explained in chapter one, IAF goes through five steps. What should be accomplished
in each step will be described in the following sections.

Step 1: Issue identification.

A. Stakeholder mapping is the first task to execute. Stakeholders will be identified and
mapped based on their level of interest and power .

The relevant variables of the SESF , namely Actors (A) and Governance System(GS)
will be highly utilized to identify and map stakeholders .

Actors (A) Governance system (GS)

Al — Number of relevant actors GS1 — Government organizations

A2 — Socioeconomic attributes GS2 — Nongovernment organizations
A3 — History or past experiences GS3 — Network structure

A4 — Location GS4 — Property-rights systems

A5 — Leadership/entrepreneurship GS5 — Operational-choice rules

A6 — Norms (trust-reciprocity)/social GS6 — Collective-choice rules

capital

A7 — Knowledge of SES/mental models | GS7 — Constitutional-choice rules

A8 — Importance of resource GS8 — Monitoring and sanctioning rules
(dependence)

A9 — Technologies available

B. Identification of economic activities is done after or concurrently with stakeholder
mapping. For this purpose the DPSIR framework component Drivers will be used.
Driver is defined as the social, demographic and economic developments in societies
and the corresponding changes in life styles, overall levels of consumption, and
production patterns. Therefore Economic activities are drivers.

C. Issue identification and reaching consensus on the issue to tackle is the next
step. This will be accomplished through the use of the DPSIR components of Pressure
(P), State (S) and Impact (I). These three components are defined as follows:

Pressure indicators describe developments in release of substances (emissions),
physical and biological agents, the use of resources and the use of land by human
activities

State indicators give a description of the quantity and quality of physical phenomena
(such as temperature), biological phenomena (such as fifish stocks)
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and chemical phenomena (such as atmospheric CO
concentrations) in a certain area.

Impact: the changes in state produce impacts on the functions of the environment,
such as human and ecosystem health, resources availability, losses of manufactured
capital, and biodiversity;

Responses are the actions taken by groups (and individuals) in society as well as the
governments' attempts to prevent, compensate, ameliorate or adapt to changes in the
state of the environment.

In addition to these the relevant SESF variables: Interactions (I) will be used. These
are:

|1 — Harvesting

12 — Information sharing

I3 — Deliberation processes
14 — Conflicts

I5 — Investment activities

|6 — Lobbying activities

|7 — Self-organizing activities
I8 — Networking activities

|19 — Monitoring activities

110 — Evaluative activities

D. Management/Policy options

The choice of management options in response to the problem at hand can be
tackled principally through the relevant variables of the SESF: Governance
system (GS) and the Response (R) component of the DPSIR framework.

SWOT analysis

SWOT analysis is an integral part of step 1. This will be done to identify the strength
that may exist in the institutional setup, in the social , cultural and academic arena that
may be used as input to the application of IAF. It may assess the prospect of the
anticipated stakeholders participation either as a strength or a weakness. Furthermore,
the opportunities and threats that may be provided as a result of current and earlier
situations will be explored.
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Step 2: System design

System definition step is where the system to be studied is thoroughly defined and a
conceptual model with basic system characteristics is drawn. Coneptual model should
be drawn in such a way that it is not too much cluttered with minute system details. It
must only capture the most important features to be studied. This will be useful when it
is turned in to mathematical and numeric model in the subsequent steps.

A. System definition

The virtual system to be studied will be defined with its appropriate system boundaries
using the relevant SESF variables: Resources System (RS) and Interactions (I).As the
system consists of the social-ecological system, the physical resourse system and the
reaction between it the society must be depicted. The variables are:

Resource system (RS) Interactions (1)

RS1 — Sector (e.g., water, forests, pasture, | I1- Harvesting

fish)

RS2 — Clarity of system boundaries I2 — Information sharing
RS3 — Size of resource system I3 — Deliberation processes
RS4 — Human-constructed facilities 14 — Conflicts

RS5 — Productivity of system I5 — Investment activities
RS6 — Equilibrium properties 16 — Lobbying activities
RS7 — Predictability of system dynamics I7 — Self-organizing activities
RS8 — Storage characteristics I8 — Networking activities
RS9 — Location 19 — Monitoring activities

B. Methods and information requirements

This is not a separate sub step but an integral part the step 2. While designing the
virtual system sources of information and the way to collect the information must be
considered. In case adequate resources are not available the system design should be
adjusted to the available resources.

C. Conceptual model

Conceptual model incorporating the most important features of the system should be
drawn making use of the SESF variables; Resource systems and the DPS as explained
in section B of Step 2 above.
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Step 3. System formulation

During this step ecologic, economic and and social models will be constructed using
ExtendSim modelling software, or any other softwares that can perform the task.
Training may be needed for this task. The models will be tested, caliberated , validatd
and verified

Ecologic model: Making use of the relevant SESF variables Resource units (RU) as
listed below the ecologic model showing important ecologic components will be
constructed.

RU1 — Resource unit mobility

RU2 — Growth or replacement rate

RU3 — Interaction among resource units
RU4 — Economic value

RUS5 — Number of units

RUG6 — Distinctive characteristics

RU7 — Spatial and temporal distribution

Economic model: Economic activities related to the issue at hand will be captured in
an economic model. Relevant variables of the Social, economical and political settings
(S), especially Market Incentive (S5), Investment activities (I5) as well as other
appropriate variables will be used.

Social model: Social model capturing different social dynamics related to the issue will
be constructed. Relevant variables of the Social, economical and political settings (S),
especially Demographic trends (S2) will be used.

Step 4: System appraisal

In this step, finding an appropriate linking variable the three models will be linked.
Having finished with model caliberation, validation and verification, different scenarios
will be simulated in the presence of stakeholders. To achieve this a stakeholders
workshop should be called .This increases the transparency of the project. Relevant
variables of the SESF , especially Information sharing (12), Deliberation processes (14)
can be used as a guide for the deliberative process.

Step 5: System output

The last step of the IAF is system output where all that have been drone will be
deliberated and summarized in reports, deliverables. Dissemination of outputs belongs
to this step. Moreover SWOT analysis will be done to evaluate the positive and the
negative points of the application as well as the project performance. Relevant variables
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of SESF , especially Interactions and Outcomes can serve as a guide in this step. The
variables Outcomes (O) are listed below:

Ol1 - Social performance measures (e.g., efficiency, equity, accountability,
sustainability)

02 - Ecological performance measures (e.g., overharvested, resilience biodiversity,
sustainability)

O3 — Externalities to other SESs
SWOT Analysis

SWOT analysis will be performed to exploit the strengths and opportunities the IAF
provides. The feedback from the SWOT analysis enables redressing weaknesses and
removing threats that might arise out of the application of the IAF, making it an adaptive
management method. The double arrows indicate bi-directional information flow
between any two steps. This serves to refine the steps and ensure IAF's adaptive
nature.
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