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DEFINITIONS
TERM DEFINITION REFERENCE

COMPLEX 
ADAPTIVE 
SYSTEMS

Complex adaptive systems are open systems that comprise many interacting components 
that individually and collectively adapt to change. These systems also exhibit behaviour that 
results from the interactions between system components, but which is not inherent to the 
characteristics of the individual components themselves (i.e. emergent behaviour). At least 
some of these interactions are non-linear, contributing to the dynamic and unpredictable 
nature of these systems. Examples of complex adaptive systems include the economy, the 
weather and more broadly, linked social-ecological systems.

Cilliers, 2008; 
Bohensky et al., 
2015; Stockholm 
Resilience Centre, 
n.d.

ENVIRONMENTAL 
IMPACT 
ASSESSMENT (EIA)

Environmental Impact Assessment (EIA) is a systematic process that involves the evaluation 
of the potential positive and negative effects of a proposed project (e.g. energy plant or 
a new road) on the natural, social and economic environment. Its purpose is to inform 
decision-makers on whether or not such projects should be approved and if so, under what 
conditions.

Wood, 2003.

FEEDBACK LOOPS 
WITHIN 
SOCIAL-
ECOLOGICAL 
SYSTEMS

Feedback loops refer to instances where changes in a particular system variable result in 
interactions through the system, that eventually loop back to affect the original variable. 
These feedback loops can either reinforce existing system behaviour (i.e. positive feedbacks) 
or dampen/reduce this behaviour (i.e. negative feedbacks).

Biggs et al., 2015.

GREEN 
INFRASTRUCTURE

Green infrastructure refers to “… the interconnected set of natural and man-made ecological 
systems, green spaces and other landscape features. It includes planted and indigenous 
trees, wetlands, parks, green open spaces and original grassland and woodlands, as well as 
possible building and street-level design interventions that incorporate vegetation, such as 
green roofs. Together these assets form an infrastructure network providing services and 
strategic functions in the same way as traditional ‘hard’ infrastructure”.

Schaffler et al., 
2013: 3.

RESILIENCE 
OF SOCIAL-
ECOLOGICAL 
SYSTEMS

“... the capacity of an SES (social-ecological system) to sustain human well-being in the 
face of disturbance and change, both by buffering shocks and by adapting or transforming 
in response to change” (parenthesis added). 

Biggs et al., 2015: 22.

RESILIENT 
INFRASTRUCTURE

The capacity of an infrastructural system or development “… to sustain human well-being 
in the face of change, both by buffering shocks but also through adapting or transforming 
in response to change”.

Biggs et al., 2015: 13.

SLOW AND FAST 
SYSTEM 
VARIABLES

Social-ecological systems comprise numerous variables that interact and change at 
different rates. ‘Slow’ variables (e.g. soil composition, erosion control, legal systems and 
traditions) typically determine the underlying structure of a social-ecological system, while 
its dynamics generally arise from interactions and feedbacks between ‘fast’ variables (e.g. 
crop production, water provision and harvesting of fish). It is important to note that the 
terms ‘fast’ and ‘slow’ are relative to one another in the context of a specific system.

Biggs et al., 2015

GRAID INFRASTRUCTURE GUIDE_27 APRIL 2020_Print.indd   8GRAID INFRASTRUCTURE GUIDE_27 APRIL 2020_Print.indd   8 2020/04/27   19:442020/04/27   19:44



9

SOCIAL-
ECOLOGICAL 
SYSTEMS (SES)

“Social-ecological systems are linked systems of people and nature. The term emphasizes 
that humans must be seen as a part of, not apart from, nature — that the delineation 
between social and ecological systems is artificial and arbitrary.”  The term was coined by 
Fikret Berkes and Carl Folke in 1998 to give equal emphasis to the social and ecological 
dimensions.

Stockholm 
Resilience Centre, 
https://www.
stockholmresilience.
org/research/
resilience-dictionary.
html [2019, May 28]. 

SUSTAINABILITY 
AND SUSTAINABLE 
DEVELOPMENT

The terms ‘sustainability’ and ‘sustainable development’ are used interchangeably in this 
guide to mean development that “… seeks to meet the needs and aspirations of the present 
without compromising the ability to meet those of the future” as defined in the Brundtland 
Report.

World Commission 
on Environment 
and Development 
(WCED), 1987: 
Chapter 1, Part II 
(49)). 

SUSTAINABILITY 
ASSESSMENT

Sustainability assessment - as it has emerged in the field of impact assessment - typically 
involves the evaluation of alternative project, plan or policy proposals against a set of 
contextually-derived sustainability objectives, targets and indicators.  Sustainability 
assessment includes the selection and enhancement of a preferred project, plan or policy 
alternative; as well as monitoring and review (or follow-up) of the results of monitoring 
(Bond et al., 2015).

Bond and Morrison-
Saunders, 2013; 
Bond et al., 2015.

SUSTAINABILITY 
OBJECTIVES AS 
DEVELOPED 
WITHIN THE 
PROCESS OF 
SUSTAINABILITY 
ASSESSMENTS 

Sustainability objectives (as defined within sustainability assessments)  are aspirational 
statements of what a development project, plan or policy aims to achieve, specifically in 
terms of the general principles of sustainability (e.g. equity, developing within the biophysical 
limits of the environment etc.). While based on these general principles, such sustainability 
objectives are adapted specifically to the context of the assessment and should be defined 
by a range of stakeholders (e.g. representatives from local communities, government, 
business and academia). The objectives may include, for example, increasing access to 
health and education in a particular area and/or maintaining the quality and quantity of 
water in an important catchment.    

The potential positive and negative impacts of the project, plan or policy being considered 
are then evaluated against these objectives. This orientates the assessment beyond 
consideration of the effects of the proposed project, plan or policy on the current situation, 
towards aspirational possibilities for the future. 

Therivel, et al., 2009; 
Pope et al., 2004.  

SYSTEM 
CONNECTIVITY

Connectivity refers to the way in which parts of the SES interact with each other, primarily 
to transfer material, communicate and transform energy. The structure and strength of 
these interactions is included in the concept of system connectivity. Where green spaces are 
well connected within urban areas, for example, the movement of organisms from one area 
to another is facilitated, thereby increasing the resilience of the system to disturbances. 
However, limited connectivity can also enhance resilience through minimising the spread of 
disturbances such as fire and disease.

Biggs et al., 2015.
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SUMMARY
Infrastructure is critical to Africa’s development and 
its ability to address poverty (African Development 
Bank (AfDB), 2018). Achieving Africa’s development 
aspirations hinges on ensuring equitable access, 
not only to basic infrastructure such as water and 
sanitation systems, new electricity lines, roads and 
storm water drainage; but also to enhanced access 
to telecommunications and modern agricultural 
technologies for food security. However, the 
infrastructure deficit in Africa is well recognised 
and has been highlighted as one of the fundamental 
contributing factors hindering development in the 
region (World Wildlife Fund (WWF) and AfBD 2015; 
AfDB, 2017; African Union Commission (AUC), 2015). 
In response to this, the Programme for Infrastructure 
Development in Africa (PIDA), which has the support of 
all African countries, has been initiated. 

The development of such infrastructure, however, needs to be 
undertaken in a way which is adaptable to a world of growing 
uncertainty and depleting resources. Africa is experiencing 
increasing demands on – and threats to – its natural resource base 
as a result of factors such as rapid urbanisation, land use change 
in the form of expanding agriculture, mining, illegal wildlife trade 
and the overharvesting of resources, among many other factors 
(WWF and AfBD 2015; Intergovernmental Science-Policy Platform 
on Biodiversity and Ecosystem Services (IPBES), 2018). Moreover, 
anthropocentric climate change is leading to warming across the 
continent and temperatures are expected to rise faster than the 
global average calculated for this century (International Panel on 
Climate Change (IPCC), 2014). 

It is therefore critical that infrastructure is developed in a way that 
is resilient. Such resilience must be based on an understanding 
– and recognition of – the intrinsic systemic interdependencies 
between infrastructure projects, the broader social-ecological 
environment in which they are embedded, and the well-being of 
Africa’s people (Biggs et al., 2015; WWF and AfBD, 2015; Folke et 
al., 2016).  This approach to resilience includes, not only the ability 
of infrastructure to ‘bounce back’ from change and disasters, but 
also its ability to adapt and transform in response to changes in 
the broader social-ecological system of which it is a part, and on 
which it depends (Biggs et al., 2015; Gallego-Lopez and Essex, 
2016). This social-ecological system may comprise, for example, 

an infrastructural project’s sources of water, energy and building 
materials; as well as its employees, stakeholders, service providers 
and the communities that it serves, and their changing needs and 
values.

Drawing on a definition of resilience provided by Biggs et al. (2015: 
13), ‘resilient infrastructure’ can therefore be understood as the 
capacity of an infrastructural system or development:     

“… TO SUSTAIN HUMAN WELL-BEING IN 
THE FACE OF CHANGE, BOTH BY BUFFERING 
SHOCKS BUT ALSO THROUGH ADAPTING OR 
TRANSFORMING IN RESPONSE TO CHANGE”
 
In this context, ‘sustaining human well-being’ means promoting 
the sustainability of the social-ecological system of which 
infrastructure is a key part.  The terms ‘sustainability’ and 
‘sustainable development’ are used interchangeably in this guide to 
mean development that “… seeks to meet the needs and aspirations 
of the present without compromising the ability to meet those of the 
future”, as defined in the Brundtland Report (World Commission 
on Environment and Development (WCED), 1987: Chapter 1, Part II 
(49)). More recently, United Nations (UN) Members States agreed in 
2015 to a specific international agenda for sustainable development 
which is articulated in 17 goals that aim to end poverty, as well as 
promote economic growth, address climate change and preserve 
our natural environment (UN, n.d.(a)). Of particular relevance is 
Goal 9 which is to: 

“BUILD RESILIENT INFRASTRUCTURE, PROMOTE 
INCLUSIVE AND SUSTAINABLE INDUSTRIALIZATION 
AND FOSTER INNOVATION (UN, n.d. (b))”. 
The purpose of this guide is to provide an introduction to resilience 
thinking as it applies to the environmental assessment of 
infrastructure projects in sub-Saharan Africa. The guide primarily 
aims to assist development and environmental management 
practitioners and governmental decision-makers, as well as 
development funding agencies which support infrastructure 
projects on the continent. The focus is on the energy, transport 
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RESILIENT
INFRASTRUCTURE

TENET 1
TENET 3

TENET 2

Infrastructure that is 
inclusively planned, 

operated and 
maintained

Infrastructure that
adapts to change
and unexpected

disturbances in a
sustainable way

Infrastructure that 
maintains (does not 

diminish) and enhances 
the sustainability of the 

social-ecological 
system in which it is 

embedded

Figure 1: Integrating Resilience Thinking into Infrastructure Development: 3 Tenets 

and water sectors. It is important to note that there are very few 
documented case studies and limited other resources available 
that articulate experience and learning with the application of 
resilience thinking (as defined in this guide) to the assessment of 
infrastructure development, and even fewer that are of immediate 
relevance to sub-Saharan Africa. This guide is therefore partly 
exploratory in nature, and the recommendations included are 
presented to provide a point of departure for debate, testing and 
further development in this sphere.

THREE KEY TENETS for integrating resilience thinking into 
infrastructure development in sub-Saharan Africa are discussed in 
the guide. These tents are as follows (Harrison et al., 2014; Biggs 
et al., 2015; Pandit and Crittenden, 2015; Gallego-Lopez and Essex, 
2016; Folke et al., 2016; Lloyds and Arup, 2017; Brownlie, Pers.
Comm. 23/12/2017):  

1. Develop infrastructure projects in a way that maintains (does 
not diminish) and enhances the sustainability of the social-
ecological system in which they are embedded (e.g. promote 
local employment directly through job creation and indirectly 
through the use of local service providers); 

2. Develop infrastructure projects to be adaptable to change and 
unexpected disturbances in a sustainable way (e.g. through 
ensuring diversity in renewable sources of energy and water 
supply); and

3. Ensure inclusivity in infrastructure planning, operation and 
maintenance (e.g. actively respond to the needs and values 
of local stakeholders, particularly traditionally marginalised 
communities).

Based on these tenets, recommendations for the incorporation 
of resilience thinking into the design and assessment of 
proposed infrastructure projects are presented in the guide. 
In particular, these recommendations relate to Environmental 
Impact Assessment (EIA); and sustainability assessment (at the 
project-level of decision-making). However, it is important to 
note that the scope of these recommendations applies not only 
to the ‘assessment’ phase of project development, but also to 
determining its need and desirability. This task may be undertaken 
as part of other processes such as feasibility studies and/or the 
formulation of town planning applications (e.g. for rezoning). 
The recommendations are structured according to the following 
generic steps:

1.   Identification of the need and desirability of the proposed   
      infrastructure development;

2. Identification of sustainability objectives and targets; 

3. Description of the social-ecological system; 

4. Assessment of the proposed infrastructure development; and

5. Formulation of strategies and/or mitigation measures.

IMPORTANT NOTE: The recommendations and lists provided in the 
guide are intended to support the integration of resilience principles 
in particular into the EIA and/or sustainability assessment process. 
They do not cover all aspects that should typically be considered 
in each of the phases of environmental/sustainability assessment 
processes. It is also acknowledged that EIA processes, in particular, 
are typically legislated and that in some instances implementing 
the actions recommended in this guide may require changes in 
such legislation. These recommendations are therefore provided 
as a guide to start exploring and testing as far as possible (and 
feasible), ways to integrate resilience thinking into assessment 
processes for infrastructure development in Africa.
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Figure 2 below provides a broad summary of the recommendations for integrating resilience principles into each stage of the assessment 
process. Each stage and the associated recommendations are discussed separately in further detail in the guide.

RECOMMENDATIONS FOR INTEGRATING RESILIENCE PRINCIPLES: SUMMARY
ST

AG
E O

F A
SS

ES
SM

EN
T P

RO
CE

SS

WHEN DETERMINING THE NEED AND DESIRABILITY OF THE PROJECT INCLUDE WHETHER: 

• Green infrastructure could replace and/or enhance the delivery of the     
 services required;

• It will contribute to the resilience of the broader social-ecological system in a   
 sustainable way; 

• It will, itself, be able to sustainably adapt to constant change and unpredictable events; 

• It responds to the needs and values of stakeholders, particularly from     
 traditionally marginalised groups.

WHEN IDENTIFYING OBJECTIVES: 

• Maximise opportunities to sustainably contribute to the resilience of the broader   
 social-ecological system (including linking to elements of green infrastructure); 

• Ensure adaptability of the infrastructure itself to unpredictable events and    
 disasters in a sustainable way; 

• Maximise opportunities to directly respond to stakeholder needs and priorities   
 (particularly from traditionally marginalised groups) throughout the project    
 lifecycle. 

IDENTIFICATION 
OF SUSTAINABILITY 
OBJECTIVES 
AND TARGETS

DESCRIPTION 
OF THE 
SOCIAL- 
ECOLOGICAL 
SYSTEM

ASSESSMENT 
OF THE 
PROPOSED 
INFRASTRUCTURE 
PROJECT

DEVELOPMENT 
OF MITIGATION 
MEASURES
 & MANAGEMENT 
STRATEGIES

Using a variety of tools, develop a conceptual framework which represents the 
social-ecological system to which the proposed infrastructure project is linked. As far as 
possible, represent and describe the links between social, ecological and economic 
elements, as well as characteristics that determine system resilience (e.g. diversity of the 
system) - see Supplementary Sheet 2. Include elements of the natural environment that 
can provide relevant infrastructural services (e.g. wetlands that contribute to water 
purification), as well as a description of the needs and priorities of various stakeholders. 

Include in the assessment of the proposed infrastructure project its effect on 
characteristics of the social-ecological system which influence its resilience (e.g. diversity 
and connectivity within the system) - see Supplementary Sheet 2. Include the extent to 
which the proposal has maximised opportunities to integrate natural features into the 
design; as well as to directly respond to stakeholder values and priorities, particularly 
those of traditionally marginalised groups. Evaluate the significance of these effects in 
light of the sustainability objectives identified earlier in the process. 

FORMULATE MANAGEMENT STRATEGIES AND/OR MITIGATION MEASURES, TOGETHER 
WITH KEY STAKEHOLDERS, IN ORDER TO, INTER ALIA: 

• Mitigate the direct impacts of the project on the aspects of the       
 social-ecological system that affect its resilience (and its ability to achieve    
 sustainability goals) - see Supplementary Sheet 2; 

• Weaken feedback loops that trap the system in unsustainable states (e.g.    
 reliance on vehicles) and enhance feedback loops that promote system     
 resilience for sustainability (e.g. use of renewable energy); 

• Enhance the technical ability of the infrastructure project to be resilient in a    
 sustainable way (e.g. diversify water sources to  include recycled and/or    
 desalinated water); 

• Mitigate any potentially significant negative impacts on stakeholder groups,    
 prioritising those that affect historically marginalised communities;

• Design management strategies and mitigation measures to enable their     
 testing and evaluation in a process of continual learning. 

NEED AND
DESIRABILITY
OF THE 
PROPOSED 
PROJECT

Figure 2: Integrating Resilience Principles into Environmental Assessment 
(EIA and Sustainability Assessment): Summary

GRAID INFRASTRUCTURE GUIDE_27 APRIL 2020_Print.indd   12GRAID INFRASTRUCTURE GUIDE_27 APRIL 2020_Print.indd   12 2020/04/27   19:442020/04/27   19:44



13

1. INTRODUCTION
1.1. BACKGROUND: RESILIENCE, SUSTAINABILITY AND 
INFRASTRUCTURE DEVELOPMENT IN AFRICA

Infrastructure is critical to Africa’s development and its ability 
to address poverty (African Development Bank (AfDB), 2018). 
Achieving Africa’s development aspirations hinges on ensuring 
equitable access, not only to basic infrastructure such as water and 
sanitation systems, new electricity lines, roads and storm water 
drainage; but also to enhanced access to telecommunications 
and modern agricultural technologies for food security. However, 
the infrastructure deficit in Africa is well recognised and has 
been highlighted as one of the fundamental contributing factors 
hindering development in the region (World Wildlife Fund (WWF) 
and AfBD 2015; AfDB, 2017; African Union Commission (AUC), 2015). 
The New Partnership for Africa’s Development’s (NEPAD) Planning 
and Coordinating Agency (NEPAD Agency, n.d.) reports that 
infrastructure inefficiencies on the continent are costing billions 
of dollars annually and constraining economic growth. In response 
to this, the Programme for Infrastructure Development in Africa 
(PIDA), which has the support of all African countries, has been 
initiated. This programme promotes regional cooperation through 
the development of infrastructure that is mutually beneficial and 
which enables increased trade and regional competitiveness 
(NEPAD Agency, n.d.). The focus of PIDA is on the four sectors of 
energy, transport, information and communication technology (ICT) 
and transboundary water. 

The development of such infrastructure, however, needs to be 
undertaken in a way which is adaptable to a world of growing 
uncertainty and depleting resources. Africa is experiencing 
increasing demands on – and threats to – its natural resource base 
as a result of factors such as rapid urbanisation, land use change 
in the form of expanding agriculture, mining, illegal wildlife trade 
and the overharvesting of resources, among many other factors 
(WWF and AfBD 2015; Intergovernmental Science-Policy Platform 
on Biodiversity and Ecosystem Services (IPBES), 2018). Moreover, 
anthropocentric climate change is leading to warming across the 
continent and temperatures are expected to rise faster than the 
global average calculated for this century (International Panel on 
Climate Change (IPCC), 2014). Predicted changes in rainfall are 
more uncertain than those related to temperature, however climate 
change (together with drivers such as urbanisation and increased 
agriculture) is expected to exacerbate water shortages where 
these already exist, including in parts of southern Africa (IPCC, 
2014). Climate change is also likely to increase food insecurity and 
vulnerabilities to disease, among other factors (IPCC, 2014) (Box 1).

It is therefore critical that infrastructure is developed in a way which 
is resilient. Such resilience must be based on an understanding 
– and recognition of – the intrinsic systemic interdependencies 
between infrastructure projects, the broader social-ecological 
environment and the well-being of Africa’s people (Biggs et al., 
2015; WWF and AfBD, 2015; Folke et al., 2016).  This approach to 
resilience includes not only the ability of infrastructure to ‘bounce 
back’ from change and disasters, but also its ability to adapt and 
transform in response to changes in  the broader social-ecological 
system of which it is a part, and on which it depends (Biggs et 
al., 2015; Gallego-Lopez and Essex, 2016). This social-ecological 
system may comprise, for example, an infrastructural project’s 
sources of water, energy and building materials; as well as its 
employees, stakeholders, service providers and the communities 
that it serves and their changing needs and values.

Drawing on a definition of resilience provided by Biggs et al. (2015: 
13), ‘resilient infrastructure’ can therefore be understood as the 
capacity of an infrastructural system or development:

“… TO SUSTAIN HUMAN WELL-BEING IN 
THE FACE OF CHANGE, BOTH BY BUFFERING 
SHOCKS BUT ALSO THROUGH ADAPTING OR 
TRANSFORMING IN RESPONSE TO CHANGE” 
(See Supplementary Sheet 1 for more information). 

BOX 1: POTENTIAL IMPACT OF CLIMATE CHANGE ON 
ROAD INFRASTRUCTURE IN AFRICA

Increases in temperature can lead to the “…softening 

and rutting of asphalt roads”, while increased precipi-

tation can reduce the carrying capacity and lifespan of 

roads, as well as, in severe cases, cause their flooding 

and erosion (Cervigni et al, 2017: 28). The result includes 

increased maintenance costs, as well as disruption in the 

transport of people and goods. This reduction in connec-

tivity can, in turn, have negative effects on food security 

in Africa, as well as significant implications for the health 

of local, national and regional economies.

GRAID INFRASTRUCTURE GUIDE_27 APRIL 2020_Print.indd   13GRAID INFRASTRUCTURE GUIDE_27 APRIL 2020_Print.indd   13 2020/04/27   19:442020/04/27   19:44



14

In this context, ‘sustaining human well-being’ means promoting 
the sustainability of the social-ecological system of which 
infrastructure is a key part.  The terms ‘sustainability’ and 
‘sustainable development’, in turn, are used interchangeably in 
this guide to mean development that “… seeks to meet the needs 
and aspirations of the present without compromising the ability 
to meet those of the future” as defined in the Brundtland Report 
(World Commission on Environment and Development (WCED), 
1987: Chapter 1, Part II (49)). More recently, United Nations (UN) 
Members States agreed in 2015 to a specific international agenda 
for sustainable development which is articulated in 17 goals that 
aim to end poverty, as well as promote economic growth, address 
climate change and preserve our natural environment (UN, n.d.(a)). 
Of particular relevance is Goal 9 which is to: 

“BUILD RESILIENT INFRASTRUCTURE, PROMOTE 
INCLUSIVE AND SUSTAINABLE INDUSTRIALIZATION 
AND FOSTER INNOVATION (UN, n.d. (b))”.

1.2. PURPOSE AND USE OF THIS GUIDE

The purpose of this guide is to provide an introduction to resilience 
thinking as it applies to the environmental assessment of 
infrastructure projects in sub-Saharan Africa. The guide primarily 
aims to assist development and environmental management 
practitioners and governmental decision-makers, as well as 
development funding agencies which support infrastructure 
projects on the continent. The focus is on the energy, transport and 
water sectors. It is important to note, however, that there are very 
few documented case studies and limited other resources available 

that articulate experience and learning with the application of 
resilience thinking (as defined in this guide) to the assessment of 
infrastructure development; and even fewer that are of immediate 
relevance to sub-Saharan Africa. This guide is therefore partly 
exploratory in nature, and the recommendations included are 
presented to provide a point of departure for debate, testing and 
further development in this sphere.

This introductory guide is based on understanding developed 
through consulting the literature on resilience; infrastructure 
development; sustainability and environmental assessment; and 
management. Importantly, it is also informed by participation 
in relevant global initiatives (e.g. IPBES); as well as involvement 
for many years in the environmental management sphere. This 
involvement includes the practice of environmental assessment, 
but focuses on research and the development of new innovations 
in this domain.
 
Following this introduction, the concept of ‘resilience thinking’ as it 
applies to this guide is outlined in Section 2, followed by its broad 
application to the context of infrastructure development in Section 3.
In Section 4 recommendations are presented for the integration of 
resilience thinking into project-based environmental assessment 
(i.e. to Environmental Impact Assessment (EIA) and Sustainability 
Assessment). Following the conclusion in Section 5, the guide 
includes three ‘supplementary sheets’. These sheets provide more 
detailed information to the reader on topics that are discussed in the 
guide (reference is made to them, where appropriate, throughout 
the main body of the text).  

In the section that follows, ‘resilience thinking’ is described as the 
foundation for the discussion and recommendations regarding 
infrastructure development in Africa outlined in this guide.

Can a picture be inserted here?
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2. RESILIENCE     
    THINKING
Resilience thinking, as discussed in Section 1.1. above, 
acknowledges that humans are embedded in the 
biosphere, as part of social-ecological systems that, by 
nature, are subject to both ongoing and unpredictable 
changes (Biggs et al., 2015; Folke et al., 2016).  In 
summary, the approach to resilience thinking adopted 
in this guide (Biggs et al., 2015; Folke et al., 2016):

• Acknowledges the interdependent nature of social (including 
economic) and ecological aspects of reality in which the 
well-being of human beings is inexorably connected to the 
state of the Earth’s biosphere. The actions of people influence 
the biosphere (e.g. its ability to sustain itself); while natural 
elements (e.g. water and fertile soil) shape human activities 
and are a requirement for human health and well-being. 
Recognition of this interrelationship is reflected in the use of 
the term ‘social-ecological systems’. 

• Recognises that social-ecological systems are complex and 
adaptive.  This means that such systems have the capacity to self-
organise, learn and adapt in response to changing conditions in 
a way that is often unpredictable. This unpredictability results 
from numerous factors, including that elements within social-
ecological systems (e.g. local communities, organisations, 

ecological processes) often interact in non-linear ways (i.e. 
small causes can have large effects and vice versa). Social-
ecological systems also exhibit emergent properties, which are 
properties that cannot be attributed to any specific elements of 
the system (e.g. poverty and ecological sustainability can both 
be thought of as emergent properties that result from multiple 
interacting factors within the system). This unpredictability 
of complex systems is exacerbated by the fact that change, 
which is inherent to such systems, does not occur in a uniform 
way. Fast, unexpected change (e.g. new political leadership 
appointments and policies) can suddenly occur in a context 
where slow, gradual fluctuations (e.g. incremental changes 
and variations in political views among policy-makers) were 
predominant. The components or elements of social-ecological 
systems also interact at multiple temporal and spatial scales 
and across these scales. Changes that take place at a global 
scale, for example, can have significant implications for local 
dynamics and vice versa (e.g. global changes in the price 
of liquid natural gas (LNG), for example, can influence the 
viability of constructing a local LNG plant).

• Focuses on the capacity of the system to adapt to continual 
change and unexpected shocks; as well as to transform in a 
way that sustains human well-being. As discussed in Section 
1.1. , the approach to resilience in this guide includes the ability 
of a system (in this case an infrastructure system or project), 
not only to ‘bounce back’ from unexpected disasters (e.g. fire, 
floods and earthquakes), but also to adapt and transform 
the way it operates in order to  maintain and enhance the 
sustainability of the social-ecological system of which it is a 
part (e.g. through minimising water use, recycling waste and 
promoting local employment).

Can a picture be inserted here?
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3. RESILIENCE 
THINKING AND 
INFRASTRUCTURE 
DEVELOPMENT IN 
SUB-SAHARAN 
AFRICA

RESILIENT
INFRASTRUCTURE

TENET 1
TENET 3

TENET 2

Infrastructure that is 
inclusively planned, 

operated and 
maintained

Infrastructure that
adapts to change
and unexpected

disturbances in a
sustainable way

Infrastructure that 
maintains (does not 

diminish) and enhances 
the sustainability of the 

social-ecological 
system in which it is 

embedded

In this section, key tenets for integrating resilience 
thinking into infrastructure development in sub-
Saharan Africa are introduced. These tenets, 
which are based on fundamental notions inherent 
to the approach to resilience discussed in Section 
2, are as follows (Harrison et al., 2014; Biggs et al., 
2015; Pandit and Crittenden, 2015; Gallego-Lopez 
and Essex, 2016; Folke et al., 2016; S. Brownlie, 
personal communication (email, 23/12/2017); 
Lloyds and Arup, 2017):  

1. Develop infrastructure projects in a way that maintains (does 
not diminish) and enhances the sustainability of the social-
ecological system in which they are embedded;

2. Develop infrastructure projects to be adaptable to change and 
unexpected disturbances in a sustainable way; and

3. Ensure inclusivity in infrastructure planning, operation and 

maintenance.

Figure 3: Integrating Resilience Thinking into Infrastructure Development: 3 Tenets

TENET 1: DEVELOP INFRASTRUCTURE PROJECTS 
IN A WAY THAT MAINTAINS AND ENHANCES THE 
SUSTAINABILITY OF THE SOCIAL-ECOLOGICAL SYSTEM 
IN WHICH THEY ARE EMBEDDED

Resilience brings to the fore the importance of recognising that 
infrastructure is an integral part of linked social-ecological 

systems (Biggs et al., 2015). Built infrastructure (e.g. dams) 
channels ecosystem service flows (e.g. clean water) enabling 
rural and urban development, while at the same time depending 
on provisioning services such as land, water and timber for its 
construction. Infrastructure development is critical to enable 
inclusive growth in Africa and to address poverty. However, if not 
undertaken in a sustainable way, it can also modify and/or degrade 
ecosystem services, limiting their ability to support development 
and local livelihoods (e.g. through the provision of food, water and 
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clean air) (WWF and AfBD 2015). Such potential negative social 
and ecological impacts can, in turn, limit the ability of the social-
ecological system as a whole to adapt to future change (e.g. global 
climate change).

It is therefore critical that infrastructure is developed in a way that 
actively maintains and/or enhances the social-ecological system 
in which it is embedded (as discussed in Section 2). The process 
of planning and assessing infrastructure projects should therefore 
begin with an understanding of the broader systemic context of 
the project. This includes, for example, its links to ecological (e.g. 
water and biodiversity), social (e.g. governance) and economic 
(e.g. livelihoods) components. A way of achieving this integrated 
understanding is to develop a conceptual framework of the social-
ecological system (of which infrastructure is a part) at the outset of 
planning and assessment processes (Walker et al., 2002; Audouin 
and de Wet, 2010a; Tomich et al., 2010; Biggs et al., 2015). More 
information on the development of such conceptual frameworks is 
provided in Supplementary Sheet 2.

The construction, operation and implementation of infrastructure 
should be aligned with the achievement of sustainability goals and 
objectives, such as minimising the use of scarce resources (e.g. land 
and water), reducing and recycling waste, using renewable sources 
of energy; as well as promoting local economic development 
through the implementation of local procurement and employment 
practices. Such goals and objectives should not only be informed 
by targets defined at an international level (e.g. the SDGs), but 
also through national, regional and local development plans. It is 
also critical that they are informed by the views of stakeholders, 
including representatives from civil society, business, industry and 
research organisations (as discussed in Tenet 3).

When understanding infrastructure within its broader social-
ecological context, resilience thinking also brings to the fore the 
importance of recognising the infrastructural services that can be 
provided by the natural environment (e.g. water regulation, flood 
protection, climate regulation and noise reduction) (Schäffler et 
al., 2013). These services, together with built/grey infrastructure, 
can significantly support human activities, thereby promoting the 
resilience of the social-ecological system (Elmqvist, 2015; Culwick 
and Bobbins, 2015). Internationally, the term ‘green infrastructure’ 
has emerged to refer to the harnessing of ecosystems and the 
services that they provide, in a way which addresses some of 
society’s infrastructure needs (Culwick and Bobbins, 2015). 
Green infrastructure is: “… the interconnected set of natural 
and man-made ecological systems, green spaces and other 
landscape features.  It includes planted and indigenous trees, 
wetlands, parks, green open spaces and original grassland and 
woodlands, as well as possible building and street-level design 

interventions that incorporate vegetation, such as green roofs. 
Together these assets form an infrastructure network providing 
services and strategic functions in the same way as traditional 
‘hard’ infrastructure” (Schäffler et al., 2013: 3). When determining 
the need for new infrastructure projects, opportunities to use or 
enhance the services provided by green infrastructure - instead 
of extending grey infrastructure - should therefore be sought (e.g. 
rehabilitating a wetland could avoid, or reduce, the need for water 
infrastructure); as well as opportunities for the development of 
‘grey-green’ infrastructure (e.g. attenuating storm water using 
vegetated swales, green roofs or permeable pavements) (Harrison 
et al., 2014; Maze and Driver, 2016). Further information on green 
infrastructure is provided in Supplementary Sheet 3.

TENET 2: DEVELOP INFRASTRUCTURE PROJECTS 
TO BE ADAPTABLE TO CHANGE AND UNEXPECTED 
DISTURBANCES IN A SUSTAINABLE WAY

Global trends such as climate change and unprecedented rates 
of environmental degradation (WWF and AfDB, 2012) significantly 
increase the uncertainty in our knowledge of the future dynamics of 
social-ecological systems. This uncertainty must be acknowledged 
and incorporated in current infrastructure development. If 
infrastructure development is to be resilient within this context of 
uncertainty, it is important that it is both robust and flexible (Lloyds 

and Arup, 2017; Gallego-Lopez and Essex, 2016). 

Robust design includes the anticipation of potential system failures 
that may result from climate change impacts and scarcity in resource 
inputs (e.g. water and energy), among other factors (Lloyds and 
Arup, 2017). Increasing the diversity of infrastructure components 
(e.g. increasing the number of pipe connections providing water) 
and sources of supply (e.g. energy, water, building materials) 
contributes to the potential to adapt to such circumstances. If one 
aspect of a system fails, such diversity enables other components 
of the system to perform the same function and compensate for 
such failure (Lloyds and Arup, 2017; Pandit and Crittenden, 2015; 
Harrison et al., 2014). This is linked to the principle of redundancy 
which is typically identified as an important aspect of infrastructure 
resilience from an engineering perspective (United Kingdom (UK) 
Cabinet 0ffice, 2011). Such redundancy within infrastructure can 
ensure continuity of supply and/or service to customers in the face 
of unexpected shocks and changes (UK Cabinet Office, 2011).

From a resilience perspective, however, opportunities should be 
sought to diversify in ways that are congruent with local, national 
and international sustainability goals and objectives. Energy supply, 
for example, may be diversified to include solar and/or wind energy; 
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while water sources are expanded to include rainwater harvesting, 
recycling and desalination. As far as possible, this should be 
achieved in ways that promote social goals, such as the generation 
of sustainable livelihoods. The development and maintenance 
of alternative pathways for water supply, energy supply, waste 
and transport, at a policy and planning level, is therefore critical 
(Harrison et al., 2014).

Developing alternative, diverse sources of supply for infrastructure 
projects increases their redundancy and therefore their robustness 
(Harrison et al., 2014; Pandit and Crittenden, 2015). However, when 
considering the use of natural resources, such as water and energy, 
it is important that a balance is obtained with efficiency (Lloyds and 
Arup, 2017; Kohler, 2014). Optimising the use of resources (e.g. water 
conservation, energy efficiency) within networks of infrastructure 
also has a role to play in reducing external dependencies, thereby 
reducing risks created by factors such as resource scarcity and 
climate change impacts, and increasing the resilience of towns and 
cities (Harrison et al., 2014).

The uncertainty inherent in our knowledge of social-ecological 
systems, the increasing risks posed by global environmental 
threats such as climate change and resource scarcity, and our 
continuously evolving understanding of new technologies, call 
for an approach to the management of infrastructure projects 
which is adaptive. Adaptive co-management - being based on an 
assumption of constant change - involves a continual learning 
process in which alternative pathways to achieve specific objectives 
(e.g. related to mitigating water and/or energy shortages) are 
designed, implemented, monitored, evaluated and revised, with 
the involvement of key stakeholders (Murray and Marmorek, 2003; 
Biggs et al., 2015). Effective monitoring systems are therefore 
central to adaptive co-management and should include not only 
technical indicators related to the infrastructure itself, but also 
critical elements of the social-ecological system to which the 
infrastructure is linked (e.g. water quality and supply). Adaptive 
co-management requires an ongoing process of identifying threats 
to (and opportunities to enhance) the resilience of infrastructure 
projects. The involvement of stakeholders, such as representatives 
from business, civil society organisations, government and local 
communities, in this process is important (Biggs et al., 2015), as 
discussed in the following section.

TENET 3: ENSURE INCLUSIVITY IN INFRASTRUCTURE 
PLANNING, OPERATION AND MAINTENANCE

Central to ensuring the resilience of infrastructure development is 
the inclusion of key stakeholders in its planning, implementation 
and monitoring (Lloyds and Arup, 2017; Gallego-Lopez and Essex, 
2016). From an ethical perspective, respecting people’s values 

and involving them in decision-making is fundamental to ensuring 
human well-being and the essential principles of democratic, 
accountable, equitable and legitimate governance (Folke et al., 
2016; Folke et al., 2005). Moreover, infrastructure that is well-
aligned with the needs of its beneficiaries is more likely to promote 
the resilience of the social-ecological system of which it is a part 
in a way that promotes local sustainability goals (as defined, for 
example, by the public, civil organisations, government, business, 
academia and others) (Lloyd’s and Arup, 2017; Cilliers and Cilliers, 
2016). It can be argued that such infrastructure is also more likely 
to receive societal buy-in and support for its growth, upgrading and 
maintenance. Although infrastructure users typically have different 
needs and priorities, it is important that these are raised and 
discussed as early as possible and influence infrastructure design, 
planning and operation.

Stakeholder involvement in the implementation and monitoring of 
infrastructure can also enable its continual adaptation to changing 
social-ecological conditions and assist in ensuring that projects 
continue to deliver the benefits for which they were developed. For 
example, feedback can be provided by local communities on whether 
green infrastructure that is linked to a built infrastructure project (e.g. 
a constructed wetland that is intended to purify water and provide 
recreational opportunities) is fulfilling its intended use.  Moreover, 
including those that are responsible for facilitating recovery from 
disturbances and/or unforeseen events in the planning and design 
of infrastructure enhances the ability to recover from such events. 
For example, the needs of emergency services (e.g. for easy access) 
should be considered when locating energy plants and/or designing 
transport systems (Lloyds and Arup, 2017).

As infrastructure is critical in addressing poverty, it is particularly 
important that the concerns and priorities of traditionally 
marginalised groups are elicited and considered in the process of 
planning and design; so that the infrastructure developed assists 
in alleviating inequalities and promoting a good quality of life 
for all (Gallego-Lopez and Essex, 2016). Despite the importance 
of stakeholder engagement, however, Ravera et al. (2016) 
and Hankivsky (2014), as well as many others, assert that the 
inherent power asymmetries in governance decisions can mean 
that marginalised people and communities are often left out of 
decision-making processes. For example, the lack of adequate 
involvement of women in many stakeholder fora, or the silencing 
of their voices even if they are included, is common (United Nations 
Development Programme (UNDP), 2013; Gallego-Lopez and Essex, 
2016). It is therefore important when co-designing stakeholder 
engagement processes that particular attention is given to how 
various stakeholder groups can be actively and explicitly included 
and how knowledge is mobilised and utilised to inform decisions 
(Tengö et al. 2014; 2017).
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4. APPLICATION TO 
ENVIRONMENTAL 
ASSESSMENT AND 
MANAGEMENT 
PROCESSES
4.1. INTRODUCTION

This section presents ways in which resilience thinking 
can be incorporated into the design and assessment 
of proposed infrastructure projects. 

General recommendations are provided for integration 
into processes such as Environmental Impact 
Assessment (EIA) and sustainability assessment (at 
the project-level of decision-making) (Box 2). 

IT IS IMPORTANT TO NOTE THAT:

• The scope of these recommendations applies not only to 
the ‘assessment’ phase of project development; but also 
to determining its need and desirability. This task may be 
undertaken as part of other processes such as feasibility 
studies and/or the formulation of town planning applications 
(e.g. for rezoning); 

• The recommendations made also relate to formulating 
proposals for - or changes to - the design, operation and 
maintenance of a proposed project in order to enhance its 
resilience. Some scope exists within EIA’s and sustainability 
assessments to make such proposals (e.g. through 
identification of mitigation measures); however, in many 
instances, this may chiefly be the role of the project proponent 
(and his/her design and planning team) rather than the 
environmental/sustainability assessment practitioner;

• Standard, mainstream EIA’s in particular, may not include 
some of the generic procedural elements referred to below 
(i.e. according to which the recommendations have been 

structured). For example, as EIA’s usually focus on assessing 
the positive and negative impacts of a proposed development 
against baseline environmental conditions, the identification 
of sustainability objectives and targets against which to assess 
a proposed project is likely to be excluded (unless, of course, 
a sustainability assessment is integrated into the EIA). Some 
aspects, such as the development of a systemic view of the 
social-ecological environment - although typically not part of 
standard EIA’s - can be included without significant changes to 
legislated procedures.

BOX 2: SUSTAINABILITY ASSESSMENT AND 
ENVIRONMENTAL IMPACT ASSESSMENT
SUSTAINABILITY ASSESSMENT
 
The purpose of sustainability assessment is to orientate 
development decision-making towards sustainability (Bond et 
al., 2012). A single, shared understanding of how sustainability 
assessment should be conducted does not exist and multiple 
different forms are practiced and proposed in the literature 
(Pope et al., 2017).  It can be said, however, that sustainability 
assessment - as it has emerged from the field of impact 
assessment - typically involves the evaluation of alternative 
project, plan or policy proposals against a set of contextually-
derived sustainability objectives, targets and indicators 
(Bond and Morrison-Saunders, 2013; Bond et al., 2015).  The 
process includes the selection and enhancement (e.g. through 
proposing mitigation measures) of a preferred alternative; 
as well as monitoring or ‘follow-up’ (Bond et al., 2015). As 
the recommendations made in this section of the guide focus 
on the integration of resilience principles into project-level 
decision-making; it is sustainability assessment at the project 
scale that is of particular relevance in this section.
 
ENVIRONMENTAL IMPACT ASSESSMENT (EIA)
 
Environmental Impact Assessment (EIA) is a systematic 
process that involves the evaluation of the potential positive 
and negative effects of a proposed project (e.g. energy plant or 
a new road) on the natural, social and economic environment 
(Wood, 2003). It also includes the identification of mitigation 
measures to avoid, minimise or remedy any significant negative 
impacts that are identified (United Nations Environment 
Programme (UNEP), 2002). Its purpose is to inform decision-
makers on whether or not such projects should be approved 
and if so, under what conditions (Wood, 2003). EIA, which is a 
widely adopted tool for environmental management globally, 
was first required in terms of the National Environmental 
Policy Act of 1969 (NEPA), promulgated in the United States 
(Wathern, 1988). 
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The recommendations presented in this section are based on 
the discussions and sources in Sections 1 to 3 above. However, 
they are also informed by practical experience within the field of 
environmental assessment and management, as well as current 
innovations and literature within this field that relate to systems 
and resilience thinking. Examples include social-ecological 
systems diagrams in sustainability assessment (e.g. Audouin et 
al., 2015), explorations around adaptive management (as listed 
in Hacking and Guthrie (2008) for instance), as well as attempts 
to expand sustainability assessment to include considerations of 
system resilience. Examples of literature in this regard, to which 
the reader is referred for more detail, include: Gibson, 2006; 
Audouin, 2009; Slootweg and Jones, 2011; Bond et al., 2013; Bond 
et al., 2015; Pope et al., 2015; Grace and Pope, 2015; Partidario and 
Pereia, 2015; Gaudreau and Gibson, 2015; Sala et al., 2015; Pope 
et al., 2017. Debate within the international impact assessment 
community has also explored the inclusion of resilience thinking 
into Strategic Environmental Assessment (SEA) (e.g. Slootweg and 
Jones; 2011).

The recommendations made below are organised in terms of 
generic procedural elements of assessing infrastructure projects 
– as well as making proposals for changes in its design, operation 
and maintenance – and are used as a basis for the proposals made. 
These procedural elements are as follows:

• Identification of the need and desirability of the proposed 
infrastructure development;

• Identification of sustainability objectives and targets;

• Description of the social-ecological system;

• Assessment of the proposed infrastructure development; and

• Formulation of strategies and/or mitigation measures.

IMPORTANT NOTE: The recommendations and lists provided in 
this section are intended to support the integration of resilience 
principles in particular into the EIA and/or sustainability assessment 
process. They do not cover all aspects that should typically be 
considered in each of the phases of environmental/sustainability 
assessment processes. It is also acknowledged that EIA processes, 
in particular, are typically legislated and that in some instances, 
implementing the aspects recommended in this section may 
require changes in such legislation. These recommendations are 
therefore provided as a guide to start exploring and testing, as far 
as possible (and feasible), ways to integrate resilience thinking into 
assessment processes for infrastructure development in Africa.
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RECOMMENDATIONS FOR INTEGRATING RESILIENCE PRINCIPLES: SUMMARY
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WHEN DETERMINING THE NEED AND DESIRABILITY OF THE PROJECT INCLUDE WHETHER: 

• Green infrastructure could replace and/or enhance the delivery of the     
 services required;

• It will contribute to the resilience of the broader social-ecological system in a   
 sustainable way; 

• It will, itself, be able to sustainably adapt to constant change and unpredictable events; 

• It responds to the needs and values of stakeholders, particularly from     
 traditionally marginalised groups.

WHEN IDENTIFYING OBJECTIVES: 

• Maximise opportunities to sustainably contribute to the resilience of the broader   
 social-ecological system (including linking to elements of green infrastructure); 

• Ensure adaptability of the infrastructure itself to unpredictable events and    
 disasters in a sustainable way; 

• Maximise opportunities to directly respond to stakeholder needs and priorities   
 (particularly from traditionally marginalised groups) throughout the project    
 lifecycle. 

IDENTIFICATION 
OF SUSTAINABILITY 
OBJECTIVES 
AND TARGETS

DESCRIPTION 
OF THE 
SOCIAL- 
ECOLOGICAL 
SYSTEM

ASSESSMENT 
OF THE 
PROPOSED 
INFRASTRUCTURE 
PROJECT

DEVELOPMENT 
OF MITIGATION 
MEASURES
 & MANAGEMENT 
STRATEGIES

Using a variety of tools, develop a conceptual framework which represents the 
social-ecological system to which the proposed infrastructure project is linked. As far as 
possible, represent and describe the links between social, ecological and economic 
elements, as well as characteristics that determine system resilience (e.g. diversity of the 
system) - see Supplementary Sheet 2. Include elements of the natural environment that 
can provide relevant infrastructural services (e.g. wetlands that contribute to water 
purification), as well as a description of the needs and priorities of various stakeholders. 

Include in the assessment of the proposed infrastructure project its effect on 
characteristics of the social-ecological system which influence its resilience (e.g. diversity 
and connectivity within the system) - see Supplementary Sheet 2. Include the extent to 
which the proposal has maximised opportunities to integrate natural features into the 
design; as well as to directly respond to stakeholder values and priorities, particularly 
those of traditionally marginalised groups. Evaluate the significance of these effects in 
light of the sustainability objectives identified earlier in the process. 

FORMULATE MANAGEMENT STRATEGIES AND/OR MITIGATION MEASURES, TOGETHER 
WITH KEY STAKEHOLDERS, IN ORDER TO, INTER ALIA: 

• Mitigate the direct impacts of the project on the aspects of the       
 social-ecological system that affect its resilience (and its ability to achieve    
 sustainability goals) - see Supplementary Sheet 2; 

• Weaken feedback loops that trap the system in unsustainable states (e.g.    
 reliance on vehicles) and enhance feedback loops that promote system     
 resilience for sustainability (e.g. use of renewable energy); 

• Enhance the technical ability of the infrastructure project to be resilient in a    
 sustainable way (e.g. diversify water sources to  include recycled and/or    
 desalinated water); 

• Mitigate any potentially significant negative impacts on stakeholder groups,    
 prioritising those that affect historically marginalised communities;

• Design management strategies and mitigation measures to enable their     
 testing and evaluation in a process of continual learning. 

NEED AND
DESIRABILITY
OF THE 
PROPOSED 
PROJECT

Figure 4: Recommendations for Integrating Resilience Principles into 
Environmental Assessment (EIA and Sustainability Assessment)

Figure 4 provides a broad summary of the recommendations for integrating resilience principles into each stage of the assessment 
process. Each stage, and the associated recommendations are then discussed separately, in further detail, in the sections that follow 
(Sections 4.2.1 – 4.2.5).
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4.2.1. PHASE 1: NEED AND DESIRABILITY OF THE 
PROPOSED PROJECT

SUMMARY

When determining the need and desirability of the project include 
whether:
• Green infrastructure could replace and/or enhance the 

delivery of the services required?
• It will contribute to the resilience of the broader social-

ecological system in a sustainable way?
• It will, itself, be able to sustainably adapt to constant change 

and unpredictable events?
• It responds to the needs and values of stakeholders, 

particularly from traditionally marginalised groups?

Understanding the need and desirability of the proposed 
infrastructure project, from a resilience perspective, requires an 
initial idea of the social-ecological system in which the project is 
embedded (as discussed in Section 3). This may involve outlining 
a draft causal-loop diagram (or systems diagram) and the 
consultation of maps and relevant policy and planning documents 
(e.g. strategic municipal land-use plans or previous Strategic 
Environmental Assessments (SEA’s) that have been undertaken) 
(see Supplementary Sheet 2). Although this representation and 
description of the system will be ‘fleshed out’ and expanded in 
more detail later in the planning and/or assessment process, the 
focus here is on gaining a ‘strategic’ overview so that broad initial 
questions around project ‘need and desirability’ can be answered 
before detailed analysis is undertaken. 

Examples of such questions are provided in this section. These 
questions are not meant to be answered in great detail at this early 
stage of the process. The aim is to guide practitioners in identifying 
any broad, significant concerns (or important opportunities) from 
a strategic perspective (i.e. from a general understanding of the 
proposed infrastructure and the system to which it will relate) that 
should be considered when determining the need and desirability of 
the project. Such concerns may include, for example, whether the 
project is responsive to the priorities expressed by key stakeholders 
and/or whether it is likely to diversify the energy sources available 
in a specific region.

GUIDING QUESTIONS FOR INTEGRATING RESILIENCE 
INTO THE ‘NEED AND DESIRABILITY’ PHASE

Integrating resilience considerations into this initial phase of a 
proposed project can be achieved by considering the following set 
of questions based on the three key tenets introduced in Section 3.

TENET 1: Develop infrastructure projects in a way 
that maintains and enhances the sustainability of the 
social-ecological system in which they are embedded

• Could green infrastructure replace and/or enhance the 
delivery of the services required?

• Does the proposed project present/include important 
opportunities to link built and green infrastructure, thereby 
enhancing the resilience of the system as a whole?

• Is the proposed infrastructure likely to exacerbate any forms 
of development or  system linkages/relationships that are 
currently resulting in negative impacts? For example, will 
the configuration of a proposed transport corridor ‘lock-
in’ dependency on individual cars rather than encourage 
a transition to more sustainable forms of mobility such as 
bicycles and public transport? Is the transport corridor likely 
to increase the emissions of pollutants that, in turn, have a 
negative effect on community health and well-being?

• Is the proposed infrastructure likely to enforce any system 
links that have a positive effect? For example, will it result 
in an increase in renewable energy supply that decreases 
dependencies on non-renewable sources and creates job 
opportunities in new, emerging sectors?

• Is the proposed infrastructure likely to have negative effects 
on beneficial connectivity within the social-ecological system? 
For example, will it decrease access to natural resources on 
which communities depend for their livelihoods such as a 
railway that ‘cuts off’ access to fishing grounds? Will it result 
in habitat fragmentation which negatively affects the migration 
routes of particular species?

• Could the proposed infrastructure enhance beneficial 
connectivity in the social-ecological system? For example, a 
transport route can connect people to previously inaccessible 
commercial areas and associated opportunities for livelihood 
creation. 

TENET 2: Develop infrastructure projects to be 
adaptable to change and unexpected disturbances in a 
sustainable way

• Is the proposed infrastructure project likely to sustainably 
increase diversity and redundancy within the infrastructure 
system as a whole? For example, if an energy plant is being 
proposed, would it increase the variety and sustainability of 
energy sources available in a specific region, such as through 
introducing renewable sources, or simply increase reliance on 
non-renewable sources that are already available? Would it 
provide redundancy in the regional energy system by providing 
‘back-up’ or alternative energy sources if existing sources 
such as coal-fired energy fail?

• Could the proposed infrastructure project contribute towards 
desired modularity in the system in a sustainable way? For 
example, could it provide a renewable power source that is not 
connected to the national grid, which could therefore supply 
power to an area in the event of a local disruption in electricity?

• Are the alternative sites and technology being considered 
for the project likely to promote the resilience of the 
infrastructure itself, particularly in the event of a disaster and/
or unpredictable event? For example, could the proposed sites 
be vulnerable to the effects of sea-level rise in the future?

GRAID INFRASTRUCTURE GUIDE_27 APRIL 2020_Print.indd   22GRAID INFRASTRUCTURE GUIDE_27 APRIL 2020_Print.indd   22 2020/04/27   19:442020/04/27   19:44



23

TENET 3: Ensure inclusivity in infrastructure planning, 
operation and maintenance

• Does the proposed infrastructure address the needs expressed 
by stakeholders (e.g. presented in local, regional or national 
development plans), particularly those of traditionally 
marginalised communities? For example, transport routes that 
provide easier access to employment opportunities for the poor.

4.2.2. PHASE 2: IDENTIFICATION OF SUSTAINABILITY 
OBJECTIVES AND TARGETS 

SUMMARY

When identifying sustainability objectives and targets:

• Maximise opportunities for the project to sustainably 
contribute to the resilience of the broader social-ecological 
system (including linking to elements of green infrastructure);

• Ensure adaptability of the infrastructure itself to unpredictable 
events and disasters in a sustainable way;

• Maximise opportunities to directly respond to stakeholder 
needs and priorities (particularly from traditionally 
marginalised groups) throughout the project lifecycle. 

The list of broad, general aspects presented in Table 1 below are 
intended as a ‘starting point’ or guide in the process of identifying 
context-specific objectives related to resilience within a particular 
sustainability assessment and/or EIA. This process should be 
informed by effective stakeholder engagement so that the objectives 
and targets that are formulated are responsive to the concerns of 
civil society, business, Non-Governmental Organisations (NGOs), 
the scientific community and the public, among others. It is 
assumed that the ‘resilience objectives’ identified would form 
part of a broader list of ‘sustainability objectives’ that are typically 
identified in sustainability assessments and sometimes in EIA’s.  
Although a single, generic aspect for consideration is presented in 
the table below (related to each tenet), in practice multiple context-
specific objectives may be formulated for each tenet.  

   

TABLE 1: ASPECTS FOR CONSIDERATION WHEN IDENTIFYING SUSTAINABILITY OBJECTIVES AND TARGETS

TENETS ASPECTS TO CONSIDER

TENET 1: 

DEVELOP INFRASTRUCTURE PROJECTS IN A WAY THAT MAINTAINS 

AND ENHANCES THE SUSTAINABILITY OF THE SOCIAL-ECOLOGICAL 

SYSTEM IN WHICH THEY ARE EMBEDDED

Maximising opportunities to develop and operate the infrastructure 

such that it enhances the resilience of the system to which it is linked; 

including the ability of that system to be sustainable (e.g. an objective 

may relate to livelihood creation through the use of local procurement, 

as far as possible, throughout the development and operation of 

the project). This includes opportunities to integrate the proposed 

built infrastructure with relevant green infrastructure and to include 

elements of green infrastructure (e.g. green roofs) in the design of the 

project.

TENET 2: 

DEVELOP INFRASTRUCTURE PROJECTS TO BE ADAPTABLE TO 

CHANGE AND UNEXPECTED DISTURBANCES IN A SUSTAINABLE 

WAY 

Ensuring that the proposed project is adaptable to unpredictable events 

and disasters (e.g. droughts, floods and fires), while contributing to the 

achievement of sustainability goals. For instance, decreasing water 

consumption and diversifying sources of supply through reuse and 

recycling.
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4.2.3. PHASE 3: DESCRIPTION OF THE 
         SOCIAL-ECOLOGICAL SYSTEM

SUMMARY

Using a variety of tools, develop a conceptual framework which 
represents the social-ecological system to which the proposed 
infrastructure project is linked. As far as possible, represent 
and describe the links between social, ecological and economic 
elements; as well as characteristics that determine system 
resilience, such as the diversity of the system (see Supplementary 
Sheet 2). Include elements of the natural environment that can 
provide relevant infrastructural services (e.g. wetlands that 
contribute to water purification); as well as a description of the 
needs and priorities of various stakeholders. 

It is important to remember the following when describing the 
social-ecological system (as discussed further in Supplementary 
Sheet 2): 

• Key stakeholders should be effectively included in the process;
• There are multiple ways in which the system can be described 

depending, for example, on the boundaries selected, the 

issues that are considered and the stakeholders involved 
in the process. It is therefore critical that these choices and 
assumptions are made explicit;

• Multiple tools (e.g. systems diagrams, maps and narratives) 
and knowledge types (e.g. scientific and value-based 
knowledge) should be used; and

• The description should always be open to amendment should 
new information come to light. 

ASPECTS TO CONSIDER IN DESCRIBING/MAPPING 
THE SOCIAL ECOLOGICAL SYSTEM

Key aspects to consider in describing or mapping the social-
ecological system can again be informed by the three general 
tenets introduced in Section 2.

TENET 1: Develop infrastructure projects in a way 
that maintains and enhances the sustainability of the 
social-ecological system to which they are linked

Using a variety of tools, conceptualise the social-ecological system 
including, inter alia, the characteristics listed in Table 2 below. 
More detailed information around conceptualising the system and 
its characteristics is provided in Supplementary Sheet 3. 

TABLE 2:  DESCRIBING THE SOCIAL-ECOLOGICAL SYSTEM 

SYSTEM CHARACTERISTICS 
(Biggs et al., 2015; Ryan n.d.)

EXAMPLES

1. LINKS/RELATIONSHIPS 
BETWEEN SYSTEM COMPONENTS

An infrastructure project (such as a dam) may increase water security, 
promoting the expansion of industry and associated job opportunities. 
However, the dam itself may decrease surrounding biodiversity, 
thereby diminishing livelihood opportunities based on the sustainable 
use of local plant species.

2. SYSTEM DIVERSITY

Diversity in, for example: ecological habitats; species; ecosystem 
services and landscapes; local skills; social infrastructure; community 
cultures, values and traditions; economic sectors and enterprises; 
opportunities for livelihood creation and options for energy and water 
supply. Include the location, nature and quality of green infrastructure 
within the social-ecological system in general, and in particular that 
which could enhance the functioning of the proposed infrastructure 
project (e.g. biodiversity within the catchment that can assist in 
water purification, thereby protecting a proposed dam from excess 
sedimentation). 
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3. THE CONNECTIVITY/MODULARITY WITHIN THE 
SOCIAL-ECOLOGICAL SYSTEM

Examples include: important ecological corridors (nodes and 
isolated patches); communication channels (or lack thereof) between 
organisations and communities; as well as flows of resources (e.g. 
transport routes that enable access to ports for trade) or restrictions 
in such flows.  

4. CHANGES IN ANY SLOW VARIABLES OR 
FEEDBACKS THAT COULD SHIFT THE SYSTEM 
INTO A DIFFERENT STATE

Decreases in rainfall resulting from climate change, for example, can 
threaten water quantity and quality such that economic activities such 
as agriculture are no longer able to function sustainably. 

5. ANY EXISTING FEEDBACKS THAT TRAP THE 
SYSTEM INTO UNDESIRABLE STATES

For instance transport routes that promote urban sprawl rather than 

more compact forms of development that minimise negative effects on 

natural areas and local ecotourism. 

6. ANY EXISTING FEEDBACKS THAT PROMOTE 
THE RESILIENCE OF THE SOCIAL-ECOLOGICAL 
SYSTEM SUCH THAT SUSTAINABILITY GOALS ARE 
PROMOTED

An example is an energy plant that increases the supply of renewable 

energy; leading to decreases in its per unit cost. This, in turn, can 

increase the demand for renewable energy rather than non-renewable 

energy – decreasing the severity of pollution in a particular area. 

7. INSTITUTIONAL AND POLICY LANDSCAPE 
Sectors such as government, civil society, industry and business; 

as well as relevant laws and policies such as those related to land 

use planning, environmental management and local economic 

development. 

TENET 2: Develop infrastructure projects to be 
adaptable to change and unexpected disturbances in a 
sustainable way

Identify the following based on the description of the social-
ecological system (in particular the description of slow variables, 
feedbacks and the institutional landscape referred to in numbers 
4-7 of Table 2):

• Current and predicted changes and disturbances (e.g. fires, 
floods, water shortages) in the social-ecological system that 
can significantly and directly threaten the effective functioning 
of the proposed infrastructure; and   

• Elements of the social-ecological system (e.g. government 
policy and institutions, efficiency of emergency services, 
diversity in resource supply) that can significantly influence the 
ability of the proposed infrastructure to respond - and adapt 
- to change and/or unexpected events.

TENET 3: Ensure inclusivity in infrastructure planning, 
operation and maintenance

Identify the following based on the description of the social-
ecological system (in particular the description of diversity and the 
institutional landscape referred to in number 2 and 7 of Table 2):

• The particular values and preferences of stakeholders within 
the social-ecological system that are likely to be affected by 
the planning, operation and maintenance of the proposed 
infrastructure. An emphasis should be placed on the needs and 
priorities of traditionally marginalised groups/communities.
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4.2.4. PHASE 4:  ASSESSMENT OF THE PROPOSED 
        INFRASTRUCTURE PROJECT

SUMMARY

Include in the assessment of the proposed infrastructure project, 
its effect on characteristics of the social-ecological system which 
influence its resilience; for example diversity and connectivity 
within the system (see Supplementary Sheet 2). Include the extent 
to which the proposal has maximised opportunities to integrate 
natural features into the design; as well as to directly respond to 
stakeholder values and priorities, particularly those of traditionally 
marginalised groups. Evaluate the significance of these effects in 
light of the sustainability objectives identified earlier in the process. 

The format in which the assessment is undertaken and the way 
impacts are described (e.g. in terms of nature, extent, reversibility, 
etc.) and assessed, should be determined by the country-specific 
procedures into which the criteria are integrated. Some of the 
criteria listed would already be included in typical sustainability 
assessments and EIA’s. However, the purpose here is to highlight 
those aspects that are of particular importance from a resilience 
perspective.

The assessment stage should be informed by both scientific 
and value-based knowledge including, for example, specialist 
scientific studies, stakeholder views and local policies and plans. 
To ensure that stakeholder values are reflected, the proposed 
infrastructure should be assessed against the sustainability 
objectives (which include those relating to resilience) developed in 
the early stages of the process. In addition, stakeholder comment 
should be obtained on draft versions of the assessment. Ideally, 
this stage should include an assessment, as far as possible, of 
the proposed infrastructure under different social-ecological 
scenarios (e.g. changes in temperatures, resource availability and 
different economic factors such as pricing for services delivered 
etc.) and for alternative project descriptions (e.g. alternative sites, 

technologies). 

INTEGRATING RESILIENCE PRINCIPLES INTO THE 
ASSESSMENT OF THE PROPOSED INFRASTRUCTURE 

PROJECT

The questions listed below provide an initial basis for the inclusion 
of ‘resilience criteria’ into project assessment. 

TENET 1: Develop infrastructure projects in a way 
that maintains and enhances the sustainability of the 
social-ecological system in which they are embedded

Consider the following aspects in the assessment:

• Diversity and redundancy in the social-ecological system 
(for example, will the proposed project increase or decrease 
diversity in elements such as ecological habitats, community 
cultures and traditions, livelihood opportunities and/or 
resource supply such as energy and water sources?);

• The extent of connectivity/modularity within the social-
ecological system (including, for example, important ecological 
corridors, the flow of resources such as raw materials for 
manufacturing, and important communication flows);

• Changes in existing slow variables or feedbacks that could 
shift the system into a different state (such as changes in sea 
surface temperatures that threaten to deplete fish stocks that 
support local livelihoods and food supply);

• Feedback loops that trap the system into undesired states 
(for example, transport routes that promote urban sprawl 
rather than more compact forms of development; making it 
more costly for people to travel to places of employment and 
decreasing income available to meet other needs);

• Feedback loops that promote system resilience in a way that 
moves towards sustainability objectives (for example, an 
energy plant that increases the supply of renewable energy; 
leading to decreases in its per unit cost. This, in turn, can 
increase the demand for renewable rather than non-renewable 
energy; decreasing the severity of pollution in a particular 
area); and

• Institutional and policy landscape (for example, the 
implications of the institutional and policy landscape for the 
effective and sustainable implementation of the project).

Include in the assessment whether (and to what extent) the 
proposed built infrastructure project:

• Incorporates the restoration of related green infrastructure 
which could benefit its functioning (e.g. a proposal for the 
construction of a dam which includes the restoration of 
catchment areas to decrease erosion and potential siltation);

• Optimises the services provided by green infrastructure (e.g. 
attenuating storm water through the construction of vegetated 
swales or green roofs); and

• Minimises and/or mitigates any potential, significant negative 
effects on green infrastructure within the social-ecological 
system.
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TENET 2: Develop infrastructure projects to be 
adaptable to change and unexpected disturbances in a 
sustainable way

Assess the extent to which the planned design, operation and 
maintenance of the proposed infrastructure project enables and/
or constrains its adaptability to current and predicted disturbances 
(e.g. fires, floods and water shortages) that occur in the social-
ecological system; as well as to unpredictable events, using criteria 
such as:

• Its potential flexibility and robustness (e.g. incorporating 
multiple and diverse components that can perform a single 
function);

• The anticipated efficiency in the use of resources (e.g. water 
and building materials) in the construction, operation and 
maintenance of the proposed infrastructure; and

• The extent to which an adaptive approach will be adopted in 
which new, sustainable technologies, for example, will be 
tested, monitored and revised in a process aimed to increase 
infrastructure resilience and sustainability. 

Assess the extent to which the broader, linked social-ecological 
system enables and/or constraints the proposed infrastructure 
project’s adaptability to disturbances and unpredictable events in 
a sustainable way using criteria such as:

• The extent to which local skills and parts can support 
the maintenance and/or replacement of infrastructure 
components;

• The anticipated diversity in renewable sources of resource 
supply (e.g. water and energy) available in the system;

• The extent to which relevant local, regional and national 
government policies and legislation (and associated 
institutions) are likely to constrain/enable the project’s 
adaptability; and

• The efficiency and effectiveness of emergency response 
services in the area.

TENET 3: Ensure inclusivity in infrastructure planning, 
operation and maintenance

Determine the extent to which the proposed project:

• Is actively responsive to the values and needs of key 

stakeholders, particularly traditionally marginalised groups/
communities;

• Minimises and/or mitigates any significant negative effects 
that may be experienced by one or more stakeholder groups, 
in particular traditionally marginalised groups; and

• Is aligned to relevant sustainability goals, particularly at 
the local level  (e.g. related to water recycling, the use of 
renewable energy, creating local employment and reducing 
income inequalities, among others).

4.2.5. PHASE 5: FORMULATION OF MANAGEMENT 
STRATEGIES AND/OR MITIGATION MEASURES

SUMMARY

Formulate management strategies and/or mitigation measures, 
together with key stakeholders, in order to, inter alia:

• Mitigate the direct impacts of the project on the aspects of the 
social-ecological system that affect its resilience; as well as 
its ability to achieve sustainability goals (see Supplementary 
Sheet 2);

• Weaken feedback loops that trap the system in unsustainable 
states (e.g. reliance on vehicles); and enhance feedback loops 
that promote system resilience for sustainability (e.g. use of 
renewable energy);

• Enhance the technical ability of the infrastructure project to be 
resilient in a sustainable way (e.g. diversify water sources to 
include recycled and/or desalinated water); and

• Mitigate any potentially significant negative impacts on 
stakeholder groups, prioritising those that affect historically 
marginalised communities.

The aim of the list below is to inform the identification of mitigation 
measures within a traditional EIA, or to inform management 
strategies within a sustainability assessment. The provision of 
detailed infrastructure design and operational guidance around 
each of the points listed is beyond the scope of this guide. It is 
important to note that the development of management strategies 
and/or associated mitigation measures and actions is highly 
contextual. The list below therefore represents a point of departure 
to guide the formation of strategies and actions that are important 
from a resilience perspective in the context of a particular project, 
but are not strategies or actions in themselves.
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It is acknowledged that some of the points listed are often already  
included in EIA’s and/or sustainability assessments. What is 
important from a resilience perspective is to:

• Develop the strategies and actions within the context of the 
social-ecological system conceptualised in the earlier stages; 
and

• Adopt an approach of adaptive co-management. This requires 
that the strategies and actions are:

1. Co-designed between key stakeholder representatives, 
scientific specialists and policy-makers; and

2. Developed in a way that enables their testing, monitoring 
and evaluation to include a process of continual learning 
about alternative pathways to achieve sustainability 
objectives and targets.

INTEGRATING RESILIENCE PRINCIPLES INTO THE 
FORMULATION OF MANAGEMENT STRATEGIES AND/
OR MITIGATION MEASURES

Based on the tenets in Section 2, the following principles for 
including resilience in management strategies or mitigation 
measures can be identified:

TENET 1: Develop infrastructure projects in a way 
that maintains and enhances the sustainability of the 
social-ecological system to which they are linked

Develop management strategies and associated actions/mitigation 
measures that aim to:

• Restore and maintain any neighbouring ecosystem services 
that are (or can be) linked to the proposed infrastructure 
(e.g. a neighbouring wetland that purifies water for use in the 
operation of an energy plant) throughout the lifecycle of the 
project.

• Integrate natural features that can provide services into the 
infrastructure design (e.g. including green roofs and rain 
gardens that can assist in attenuating water) and plan for their 
ongoing maintenance and possible extension.

• Avoid (and where this is not possible, mitigate) any potential 
negative effects of the proposed infrastructure and its 
operation on diversity (and redundancy where applicable) 
within the social-ecological system, including on:

1. Ecological habitats, species and ecosystem services;

2. Landscapes and geology;
3. Actors and institutions (e.g. civil society organisations); 
4. Sacred sites and valued cultural traditions;
5. Opportunities for communities to meet their basic 

needs, such as those for housing, food and employment/ 
livelihood creation; and

6. Resource supply (e.g. options for energy and water   
supply).

• Weaken feedback loops that trap the social-ecological system 
(to which the infrastructure is linked) into undesired states that 
undermine the achievement of the sustainability objectives 
identified. For example, ensure that dam construction does 
not lead to land degradation that results in biodiversity loss 
with a negative effect on ecosystem services, such as water 
regulation, and the resultant need for further dam construction.

• Protect and enhance important feedback loops within the 
social-ecological system to which the infrastructure is linked, 
which promote system resilience in a way that moves towards 
the sustainability objectives identified. For example, develop 
and/or support initiatives that enhance the health and well-
being of employees and other members of the local community; 
or invest in environmental programmes that promote the 
clearing of alien invasive plants and therefore enhance water 
supply to the area in general.

TENET 2: Develop infrastructure projects to be 
adaptable to change and unexpected disturbances in a 
sustainable way

Enhance the technical ability of the proposed infrastructure to 
respond to unpredictable events or disasters through, for example:

• Ensuring that it is robust and flexible, incorporating multiple 
components that can perform a single function;

• Diversifying sources of supply in a sustainable way (e.g. for 
water and energy), while simultaneously ensuring the efficient 
use of such resources in the operation of the proposed 
infrastructure;

• Increasing the diversity of components (e.g. number of pipe 
connections providing water);

• Ensuring that the components used in construction can be 
maintained using local skills; and

• Adopting an adaptive approach to management in which 
new procedures and technologies, for example, are tested, 
monitored and revised as circumstances change.
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TENET 3: Ensure inclusivity in infrastructure planning, 
operation and maintenance

• Respond to the needs and values of stakeholders, prioritising 
those of historically marginalised groups. Aim, as far as 
possible, to mitigate any significant negative consequences 
that may be experienced by particular stakeholder groups. 

• Contribute to the achievement of local sustainability 
objectives. For example, by creating opportunities for decent 
job and livelihood creation in the construction and operation 
of the infrastructure, particularly for traditionally marginalised 
groups (e.g. use local skills in the construction, monitoring 
and maintenance of the project).

Photo Credit:  Pieter Uys, (Kaimara Studio)
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5. CONCLUSION
Infrastructure is critical to Africa’s development and addressing 
poverty on the continent (AfDB, 2018). Resilience thinking is an 
important lens through which such infrastructure can be developed 
in a way that not only allows the system to cope with and recover 
from disasters and unforeseen events; but also enables the 
achievement of Africa’s developmental goals in a sustainable way. 
This document has provided an introduction to resilience thinking 
and shown how its principles can be applied to infrastructure 
development and assessment. A particular application of resilience 
thinking to environmental assessment has been presented to 
guide assessment practitioners. This guidance includes examples 
of key questions and criteria that can be asked at various stages 
of sustainability assessments and/or EIA’s to integrate resilience 
considerations into these, and other (e.g. feasibility studies), 
development decision-making procedures. The future testing 
of the recommendations made (and guidance provided) in this 
document will be important if it is to facilitate continual learning 
and enhanced practice. 
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SUPPLEMENTARY 
SHEET 1: PRINCIPLES 
FOR BUILDING 
RESILIENCE IN SOCIAL-
ECOLOGICAL SYSTEMS
Biggs et al. (2015) outline seven principles that are important for 

building resilience in social-ecological systems, which are as follows: 

• Maintain diversity and redundancy;

• Manage connectivity;

• Manage slow variables and feedbacks;

• Foster complex adaptive systems thinking;

• Encourage learning;

• Broaden participation; and

• Promote polycentric governance.

Each of these principles is briefly described in Box 1.1 below. 

BOX 1.1: PRINCIPLES FOR BUILDING RESILIENCE IN SOCIAL-ECOLOGICAL SYSTEMS
(Biggs et al., 2015) 

MAINTAIN DIVERSITY AND REDUNDANCY

The resilience of social-ecological systems is generally increased when the diversity of components, such as species, landscape types, actors 
and institutions, increases. This diversity ensures that a range of options are available within the system for responding to climate change and 
unpredictable events. Aspects of system diversity include variety (i.e. number of components present), balance (i.e. the relative abundance of the 
various types of components) and disparity (i.e. extent to which system components differ from one another). For example, livelihood diversity may 
comprise the number of livelihood options available (variety), the extent to which each is practiced (balance) and the degree of difference between 
them (disparity).
 
Associated with system diversity is the concept of redundancy, which provides ‘insurance’ for system functions and responses. For example, high 
functional diversity refers to the existence of multiple system components that can perform the same function (e.g. many different crops that can 
support food security). An example of ‘response diversity’ is the range of different responses each crop has to changes and/or disturbances such as 
drought or flooding. This redundancy in sources of food supply and their response to change increases the resilience of the social-ecological system 
to unpredictable events and changes, thereby increasing its ability to sustain food security.

MANAGE CONNECTIVITY

Connectivity refers to the way in which parts of the social-ecological system interact with each other, primarily to transfer material, communicate, 
and transform energy. The structure and strength of these interactions is included in the concept of system connectivity. Where green spaces 
are well connected within urban areas, for example, the movement of organisms from one area to another is facilitated, thereby increasing their 
survival and the resilience of the system to disturbances. However, limited connectivity can also enhance resilience through minimising the spread 
of disturbances such as fire and disease. As a further example, high levels of connectivity between social groups can increase the communication 
and trust required for collective action; while such connectivity can also hinder resilience if homogenisation of norms occurs. In the latter case, 
connected individuals and social groups can believe that they are moving in a sustainable direction, while the opposite may be true.
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MANAGE SLOW VARIABLES AND FEEDBACKS

Social-ecological systems comprise numerous variables that interact and change at different rates. ‘Slow’ variables (e.g. soil composition, erosion 
control, legal systems and traditions) typically determine the underlying structure of a social-ecological system, while its overall dynamics generally 
arise from interactions and feedbacks between ‘fast’ variables (e.g. crop production, water provision and harvesting of fish). It is important to note 
that the terms ‘fast’ and ‘slow’ are relative to one another in the context of a specific system. 
 
Feedbacks refer to instances where changes in a particular variable or process result in system interactions that eventually loop back to affect the 
original variable. Such feedbacks can either be reinforcing (i.e. positive feedbacks) if the effect of the ‘loop’ is more change of the same type; or 
dampening (i.e. negative feedbacks) if the effect is to reduce similar changes. For example, a reinforcing feedback exists if dam construction leads 
to land transformation that leads to biodiversity loss and the degradation of ecosystem services (e.g. water purification and regulation of run-off), 
which in turn results in a decrease in the supply of potable water and further dam construction. An example of a dampening or negative feedback is 
the formal or informal negative social sanctioning of the harvesting of threatened species.
 
As social-ecological systems are adaptive by nature, they can exist in different configurations or self-organising ‘regimes’ - each of which produces 
a different set of ecosystem services. Changes in slow variables (e.g. changes in temperature due to climate change) can result in certain thresholds 
being exceeded (e.g. amount of water available for agricultural production) that shift the social-ecological system into a different ‘regime’ or 
configuration, in which its structure, function and associated ecosystem services fundamentally changes (e.g. one in which agriculture is no longer 
the dominant economic activity and tourism and/or mineral exploitation becomes dominant). Although difficult in practice, identifying and managing 
slow variables and feedbacks is important in both maintaining ecosystem services and/or transforming the system into a new regime in which a 
different, desirable set of such services is produced.

FOSTER COMPLEX ADAPTIVE SYSTEMS THINKING

A ‘complex adaptive systems (CAS) approach’ is one in which the interconnectedness of the elements within social-ecological systems is recognised. 
Moreover, an understanding of complexity acknowledges the inherent uncertain and unpredictable nature of these systems. These characteristics 
are a result of the non-linear interactions within complex adaptive systems, as well as the existence of emergent properties which result from the 
interaction between system elements rather than the characteristics of any particular element itself (Cilliers, 2005). The interacting components 
of complex adaptive systems self-organise and evolve in a dynamic way, adapting to change. When such changes move beyond a certain critical 
point (also known as a threshold or ‘tipping point’), ‘regime shifts’ can result. These are shifts between different system configurations or states 
(Resilience Alliance, 2010) that can lead, for example, to a different set of ecosystem services being delivered by the system. 
 
In applying complex adaptive systems (CAS) thinking to resource management, it is therefore important to: conceptualise the social-ecological 
system under consideration to gain a shared understanding of the interdependencies; to expect and accommodate change and uncertainty; and 
to investigate and monitor critical thresholds, among other factors. CAS thinking also recognises that there are a multitude of perspectives that 
various actors within social-ecological systems hold, and that engaging with and understanding these perspectives is a critical element of effective 
resource management.

ENCOURAGE LEARNING

Our knowledge of social-ecological systems is always partial, due to the complexity of these systems and their dynamic nature. This highlights 
the importance of learning, including continually renewing existing knowledge, re-evaluating values and developing alternative understandings of 
the system. Such learning should be part of all efforts to ensure the resilience of social-ecological systems, particularly governmental policy and 
other decision-making processes. Three key approaches which explicitly integrate learning into the management of social-ecological systems are 
the following: adaptive management, adaptive co-management and adaptive governance. These approaches, which are based on recognition that 
knowledge is incomplete and that uncertainty is inevitable, are briefly described below: 
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ENCOURAGE LEARNING (CONTINUED)

• Adaptive management: is based on a scientific approach that involves the creation of alternative hypotheses, experimentation and evaluation. 
Management actions are explicitly viewed as large-scale experiments which are tested, monitored, evaluated and revised in a ‘learning-by-
doing’ approach (e.g. testing the impact of allowing increased fishing quotas). Learning is considered one of the key outcomes of management.

• Adaptive co-management: integrates adaptive management’s focus on learning through experimentation, monitoring and evaluation with 
learning through interactions and knowledge sharing among stakeholders. Collective actions as well as changes in values and norms are 
included in the outcomes of adaptive co-management.

• Adaptive governance: emphasises learning in the context of flexible and adaptive institutions at multiple levels of decision-making. It involves 
the exchange of knowledge across and between nested local, regional, national and international institutions. The discourse around adaptive 
governance tends to emphasise, inter alia, the development of social norms and the importance of bridging organisations in matching decision-
making to the scale of the ecological processes under consideration.  

PROMOTE POLYCENTRIC GOVERNANCE SYSTEMS

Polycentricity is “… a governance system in which multiple governing bodies interact to make and enforce rules within a specific policy arena or 
location, (and) is considered to be one of the best ways to achieve collective action in the face of disturbance and change” (parenthesis added) (Biggs 
et al., 2016). Governance in this context goes beyond formal governmental institutions to include civil society organisations, Non-Governmental 
Organisations (NGOs), the private sector and others. It involves multiple flexible, autonomous and nested institutions interacting at various scales 
(i.e. local, regional, national and international) both vertically (i.e. across scales) and horizontally (i.e. with institutions at the same scale) in order 
to develop and enforce norms and rules relating to a policy issue or geographical area. In particular, it aims to facilitate dynamic organisational 
collaboration to develop approaches to collective-action issues in a way that ‘fits’ the problem in nature, scale and timing.

This form of governance enables learning and experimentation, and enhances the ability of local individuals and organisations to participate in 
decision-making. Although highly decentralised, polycentric governance aims to find a balance between the assumption that local citizens and 
communities will always be able to address collective-action problems, and the assumption that top-down, centralised planning is necessarily a 
requirement for effective resource management and the provision of public services (Ostrom, 2008). However, the implementation of innovative ideas 
around polycentric governance is constrained by a lack of understanding of the best ways in which to operationalise it. Examples of cooperation exist, 
however, a clear set of principles around the effective implementation of polycentric governance do not.
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SUPPLEMENTARY SHEET 2: 
CONCEPTUALISING SOCIAL-
ECOLOGICAL SYSTEMS
At the outset of an assessment process, it is important to develop a 
shared understanding of the social-ecological system in which the 
proposed infrastructure project is embedded. This is because, once 
implemented, infrastructure projects become an integral part of 
the complex social-ecological system, and the assessment process 
should therefore evaluate the potential impacts of the project on 
this broader system. However, as Cilliers (2005) explains, complex 
systems are open systems and therefore to understand them 
comprehensively we need to understand the systems’ complete 
environment, which is also complex (Cilliers, 2005). This is clearly 
an impossible task. 

For this reason, boundaries need to be drawn which necessarily 
reduce the complexity of the system. Whether such boundaries 
are conceptual, spatial and/or temporal, they are needed for 
the generation of knowledge (Cilliers, 2001; Audouin et al., 
2013). Typically, in a planning and/or assessment process for 
infrastructure development, such boundaries would relate, 
inter alia, to the physical boundaries of the study, the temporal 
boundaries (the period being considered, past and future), the key 
issues to be considered, the key social-ecological variables and 
the relationships between these, as well as cross-scale (i.e. local, 
regional, national and international) linkages to be included. It is 
these boundaries that comprise the ‘conceptual framework’ being 
referred to in this section (also see Box 2.1).

There is, however, no completely ‘objective’ way of drawing these 
boundaries for conceptualising the social-ecological system. There 
is no ‘framework for frameworks’ in which one can step outside 
of complexity (Cilliers, 2005: 259). The boundaries drawn for a 
social-ecological system are typically the result of the physical 
characteristics of the system (e.g. catchment boundaries, mountain 
ranges, the coast line) as well as strategic (e.g. considerations of 
expediency such as time and financial resources) and/or value-
based choices (e.g. priorities raised by stakeholders) (Audouin 
and de Wet, 2010a). For this reason, our knowledge of any social-
ecological system is always relative to the conceptual framework 
(including its boundaries) that has been drawn to describe it 
(Cilliers, 2005). It is therefore important that this conceptual 
framework is not only clearly delineated at the outset of a planning 
and/or assessment process; but that it is developed with the 
participation of relevant stakeholders (Audouin and de Wet, 2010b, 
Tomich et al., 2010). The involvement of stakeholders ensures that, 
inter alia, (Tomlich et al., 2010; Audouin, 2009):

• The ‘value-based’ choices made in defining the system reflect 
those that have an interest in - or are affected by - a proposed 
infrastructure development;

• Both the study team and stakeholders have some level of 
‘ownership’ of the conceptual framework of the system which 
will guide the planning and/or assessment process going 
forward; and

• A range of knowledge types are included in defining the 
system, which are not limited to scientific understanding, 
but include personal experiences, values and cultural and 
historical knowledge, among others.  

There are many ways of conceptualising the social-ecological 
system (of which infrastructure is a part). In the last decade 
significant progress has been made in the development of models 
and tools for this purpose (Binder et al., 2013), which includes 
the application of various types of systems dynamics modelling. 
The development of a causal-loop diagram - which often forms 
the foundation for systems dynamics modelling - can be a very 
useful tool in its own right for developing a shared understanding 
of the system (Audouin and de Wet, 2010b, Coyle, 1996). Causal-
loop diagrams are particularly useful in a facilitated workshop 
setting where stakeholders, scientists and decision-makers can 
collectively develop their concept of the social-ecological system. 

BOX 2.1: CONCEPTUAL FRAMEWORK OF THE
SOCIAL-ECOLOGICAL SYSTEM: PURPOSE AND 
BENEFITS

In summary, formulating a conceptual framework 

of the social-ecological system to which a proposed 

infrastructure project and/or plan is linked can (Tomich 

et al., 2010; Audouin and de Wet, 2010b; Audouin 2009):

• Define the system to which the study applies;

• Clarify underlying assumptions and values made in 

the planning and/or assessment process;

• Organise thinking and provide structure to 

the process, identifying inter alia:  key issues/

relationships to be considered; physical boundaries; 

cross-scale linkages and period to which the study 

applies;

• Enable disciplinary specialists and stakeholders 

to gain an initial, shared understanding of the 

social-ecological system before its parts (e.g. 

social, ecological and economic) are analysed. This 

provides an important context for such analysis; and 

can enable easier integration of specialist studies 

later in the process; 

• Highlight gaps in understanding.
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It is recommended, however, that as far as possible, a variety 
of tools should be used when describing the social-ecological 
system, including variations on at least the following broad 
categories: systems modelling (whether this is a computational 
model or simply a mind-map, network or causal-loop diagram); 
spatial mapping; and narrative/qualitative descriptions (Audouin 
and de Wet, 2010b). Using a range of tools is important from the 
perspective of resilience thinking, as it not only enables an improved 

description of the social-ecological system, but also allows for the 
inclusion of a variety of different knowledge types (e.g. spatial and 
non-spatial, codified and non-codified, and scientific and personal/ 
value-based). Each ‘category of tools’ mentioned above has its own 
strengths and weaknesses, examples of which are provided in Box 
2.2. An example of a causal-loop diagram (included under ‘systems 
modelling’ in Box 2.2) is provided in Figure 2.1 (with an explanation 
of the conventions used shown in Box 2.3). 

BOX 2.2: EXAMPLES OF ADVANTAGES AND DISADVANTAGES OF SYSTEMS MODELLING, SPATIAL MAPPING AND 
NARRATIVES WHEN DEPICTING SOCIAL-ECOLOGICAL SYSTEMS 
(adapted from Audouin and de Wet, 2010b)

CATEGORY OF TOOLS ADVANTAGES DISADVANTAGES

SYSTEMS MODELLING 
(including the drafting 
of causal-loop diagrams 
to represent the social-
ecological system)

• Effectively indicates cause-effect relationships 
– particularly based on variables that can be 
quantified (at least in a relative sense) – and the 
strength of these relationships.

• Computational models have the ability to 
distinguish between fast and slow feedbacks.

• Useful in depicting alternative scenarios and 
identifying system changes within each scenario.

• Useful in developing and/or depicting a shared 
understanding of the social-ecological system 
among scientists, stakeholders and decision-
makers.

• Possible to link systems modelling to spatial 
mapping.

• More easily include social dimension than 
traditional numerical models.

• Although not as quantitative as traditional 
numerical models, systems modelling has a 
bias towards information that can be quantified 
in some way (or converted into variables/
indicators that can be quantified, even if only in 
a relative way).

• Can be difficult to represent (e.g. in causal-loop 
diagrams) spatially-specific information or 
information that relates to the nature (rather 
than extent) of a particular social-ecological 
linkage.

• Can be time-consuming and resource intensive 
(e.g. data, funding and technology required).

• Systems modelling is not ideal when aiming to 
optimise the functioning of a system or process 
(numerical models are better for this).

SPATIAL MAPPING

• Effective in representing the spatial extent of 
system variables, dynamics and flows in a visual 
way.

• Assists scientists, stakeholders and decision-
makers in visualising the nature of the social-
ecological system.

• Particularly useful in communicating a large 
amount of information in a way that is easy to 
understand and appealing.

• Although possible, it is demanding to represent 
changes over time and to distinguish between 
fast and slow variables.

• Typically, two or three variables are included in 
a composite map, so depicting social-ecological 
system linkages can be challenging.

• Can be time-consuming and resource intensive 
(e.g. data, funding and technology required), with 
difficulties being experienced in obtaining data of 
compatible scales.

• Bias towards information that can be spatially 
depicted and/or converted into spatial variables/
indicators.

NARRATIVE 
DESCRIPTIONS

• Effective in communicating the value-based 
aspects of social-ecological systems (e.g. a 
diverse range of nuanced and possibly conflicting 
stakeholder priorities and concerns); and other 
aspects that are difficult to depict quantitatively 
or spatially (e.g. sense of place or nature of power 
relations).

• Useful in explaining ‘why’ and ‘how’ things are 
happening; going beyond a description of ‘what’ is 
happening.

• Effective in communicating the practical, lived 
experience of individuals and communities.

• Particularly assists in conveying undocumented 
knowledge that is contained in local memory, 
customs and traditions and which is transferred 
orally (Fabricius et al., 2006).

• Narrative is a powerful tool that can be open 
to misuse if not skilfully interpreted (e.g. it is 
important to be aware that narratives reflect the 
perspective of the teller, which includes a level 
of inherent interpretation. What is left out in the 
telling of an event can be as important as what 
is included, as it can reflect the perspective of 
the teller).

• When communicating, personal narratives 
require a beginning, middle and end in order to 
have coherence; however, this coherence does 
not necessarily exist in the events themselves, 
but rather in the way the teller explains the story. 
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BOX 2.3: BASIC CONVENTIONS FOR CAUSAL LOOP DIAGRAMS(Coyle, 1996; Kim 1999; Audouin and de Wet 2010b)

CONVENTION EXPLANATION AND EXAMPLES (RELATED TO FIGURE 2.1)

 Key variables that influence the system

Flows indicating cause-effect relationships between key variables

Large D or // indicated on the flow
Significant delay in the flow. For example, the building of the dam 
will increase water security in the area, however it may be some time 
before this is converted into new opportunities for livelihood creation.

Plus sign (+) A positive sign on the link indicates that if the variable at the tail of 
the arrow changes, the variable at the head also changes in the 
same direction. For example, if water security increases, so do the 
opportunities for livelihood creation.

Minus sign (-) A negative sign on the link indicates that when the variable at the 
tail of the arrow changes, the variable at the head changes in the 
opposite direction. For example, as agriculture expands (and there is 
an increase in run-off and siltation), the river water quality decreases.

Positive feedback loop

  +
Negative feedback loop

  -

Feedback loops exist when it’s possible to follow the arrows from a 
particular starting variable, through the system, back to the original 
variable, without going through any of the system variables more than 
once. When a loop has an even number (including 0) of minus signs 
it is a positive (or reinforcing) loop. Positive feedback loops reinforce 
system change in a particular direction, with still further change that 
grows in the same direction. As Kim (1999:19) states they are “Also 
known as vicious cycles or virtuous cycles”.  When a loop has an odd 
number of minus signs, it is a negative (or balancing) loop.  Negative 
feedback loops seek equilibrium in a ‘balancing’ dynamic that has a 
stabilising effect on the system.  

Figure 2.1 Hypothetical Causal-Loop Diagram for a Proposed Dam 

(Coyle, 1996; Kim 1999; Audouin and de Wet 2010b)
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Using a variety of tools (as described in Box 2.2), a number of 
aspects of the system should be described. From a resilience 
perspective, these include (Biggs et al., 2015; Ryan, n.d.):

• The existing links between the proposed infrastructure project 
and other parts of the system (e.g. between a proposed dam, 
the surrounding biodiversity and local livelihoods);

• The extent of connectivity in the system (e.g. habitat connectivity 
in the landscape);

• The diversity of the system (e.g. diversity in ecological habitats 
and species; cultural values and economic opportunities);

• The redundancy in the system (e.g. existence of ‘back-up’ 
energy supplies); 

• Slow changes in the system that affect infrastructure 
development (e.g. climate change can lead to decreasing 
rainfall, which in turn, decreases water supply);

• How the social-ecological system has changed over time 
(e.g. changes in government policy, population structure and 
movements and weather patterns); and

• The institutional and policy landscape (e.g. the legal and policy 
framework and its influence on infrastructure development).

These elements are described in further detail in Box 2.4.

Box 2.4: DESCRIBING THE SYSTEM 
(Biggs et al., 2015; Ryan, n.d.)

CHARACTERISTICS 
OF THE SOCIAL-
ECOLOGICAL SYSTEM

DESCRIPTION IN THE CONTEXT OF INFRASTRUCTURE DEVELOPMENT

RELATIONSHIPS 
(OR LINKS) 
BETWEEN SYSTEM 
COMPONENTS 
TO WHICH THE 
PROPOSED 
INFRASTRUCTURE 
PROJECT IS LINKED

These links should relate to social (e.g. human well-being), ecological (e.g. biodiversity) and economic (e.g. effect 
on local businesses) factors. For example, the construction of a dam increases water security, thereby supporting 
the expansion of industry and the creation of livelihoods. However, the process of constructing the dam can also 
have a negative impact on biodiversity, which in turn can diminish the creation of local livelihoods that depend on the 
ecosystem services that such biodiversity provides.  

DIVERSITY AND 
REDUNDANCY 

This includes ecological, social and economic diversity. For example, diversity in ecological habitats and species should 
be explored, as well as in institutions, cultures (including traditional practices) and opportunities for employment 
and livelihood creation (from local-scale farming, craft-making and artisanal fishing, for example, to large-scale 
mining and other industrial activities). Moreover, it is recommended that ‘value deliberation’ is undertaken in which 
the diverse range of stakeholder values within the social-ecological system under consideration are broadly defined 
(Flyvbjerg, 2004). This assists in understanding who is likely to ‘gain’ as a result of changes in the social-ecological 
system and who will likely ‘lose’, from the perspective of what the stakeholders themselves value (Flyvbjerg, 2004). 
Such value deliberation should go beyond understanding the needs and preferences of such stakeholders (e.g. for 
food, housing etc.) to also identifying the underlying ‘ethical principles’ that are important (e.g. freedom of choice, 
identity and security).

Redundancy may exist, for example, in the options available for increasing water supply, energy and food security 
within the social-ecological system. Water may be available from a variety of sources including aquifers, dams and 
desalination; while both renewable and non-renewable energy supplies may exist. Food supply may be secured by the 
cultivation of a range of different crops that respond differently to changes in climate and other disturbances.

SLOW VARIABLES AND 
FEEDBACKS 

Relatively slow variables such as changes in government policy (Simonsen et al., n.d.) related to water, energy and 
transport can have a profound effect on infrastructure development. For example, the introduction of national policy 
that describes the national energy mix promoted and/or the signing of international environmental conventions, can 
influence:
• The type of infrastructure that is enabled (e.g. renewable energy promoted through supporting government 

programmes);
• The location of infrastructure (e.g. the potential corridor developments identified in the Programme for 

Infrastructure Development in Africa (PIDA)); and/or
• The design of infrastructure systems (e.g. technologies required to reduce carbon emissions).

Climate change is another example of a relatively slow variable that can significantly affect the need for infrastructure 
development, its location (e.g. through the effects of droughts, floods, sea-level rise and erosion); as well as its 
sustainability (e.g. scarcity of water resources), among other factors.
 
A resilience perspective highlights the importance of understanding the key variables (e.g. water supply supporting 
energy development) and feedback processes (e.g. governance) that affect infrastructure development – as well 
as the impact of such development on these variables and feedbacks. The focus should be on those variables and 
feedbacks that could result in thresholds or ‘tipping points’ being exceeded that may lead the social-ecological system 
supporting the operation of infrastructure into an undesirable state (Biggs et al., 2015). For example, slow changes 
in climate can lead to decreasing rainfall levels, which in turn lead to decreases in water supply. This, together with 
increases in population numbers and slow changes in government policy and societal water-use behaviour, can lead 
to serious water shortages that ‘tip’ the system into a new state (e.g. changes in predominant economic activities from 
agriculture to other sectors such as tourism; and/or changes in water policy and long-term diversification of water 
supply sources).
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CONNECTIVITY Connectivity can have both positive and negative effects on the development and sustainable operation of 
infrastructure (Simonsen et al., n.d.). Effective communication and supportive relationships between different 
government departments and spheres of government; as well as between government and other stakeholders 
(e.g. local communities, business and Non-Governmental Organisations (NGOs)) can enable the integration and 
cooperation required for sustainable infrastructure development (Harrison et al., 2014). This applies not only to 
the planning of regional infrastructure, but also to specific infrastructure projects for which effective governmental 
coordination is typically required, for example, during the planning and approval processes, as well as for the 
monitoring of mitigation measures post-implementation. Good communication and engagement (throughout the 
project life-cycle) between developers of site-specific infrastructure projects and surrounding communities can 
also enhance resilience through increasing the development’s responsiveness to local concerns and values (e.g. 
around potential positive and negative impacts on local livelihoods, noise and visual aspects and the rehabilitation of 
damaged landscapes, among many others).
 
However, high levels of connectivity can also have a negative effect, if independent systems are not available in 
times of disaster (Lloyds and Arup, 2017). For example, from a technical, operational perspective it is desirable to 
create separate recovery systems (i.e. “skeleton systems”) that have some level of independence from the overall 
connectivity within the infrastructure development (Lloyd’s and Arup, 2017). For example, an independent back-up 
power supply can assist in recovering system operation, should the electricity received from the national grid be 
interrupted for some reason and/or affected by a natural disaster.
 
Infrastructure development, in turn, can have both positive and negative effects on connectivity within the social-
ecological system as a whole. For example, a newly built dam can increase the connectivity of human settlements to 
water supply; while its auxiliary infrastructure (i.e. its pipeline connections, roads etc.) fragments habitat connectivity 
within the landscape. This compromises the ability of such habitats to compensate for local species extinctions 
through the inflow of species from connected surroundings (Simonsen et al., n.d.).
 
The principle of managing connectivity also highlights the importance of considering infrastructure developments 
at multiple scales. A renewable energy plant, for example, can have linkages that extend well beyond the local scale 
(e.g. neighbouring communities and local biodiversity), to include national (e.g. effects on national electricity supply) 
and international scales (e.g. effects of international markets for renewable energy on financial sustainability of the 
plant). Likewise, a new transportation strategy can have linkages to local (e.g. benefits to local businesses), national 
(e.g. increased domestic tourism) and international dynamics (e.g. increased cross-border trade). 

PATTERNS OF SYSTEM 
EVOLUTION AND 
CYCLES, INCLUDING 
HISTORICAL DYNAMICS

Although social-ecological systems are dynamic and exhibit inherently unpredictable behaviour, there are patterns 
of change over time that can be identified (Ryan, n.d.).  Exploring the historical profile of the system is revealing in 
terms of understanding its current dynamics (Walker et al., 2002). Ecosystems, for example, may change through 
four identifiable stages, which together have been called the ‘adaptive cycle’ (Gunderson and Holling, 2002; 
Resilience Alliance, 2010).  Walker et al, 2002 explain that the first phase is the ‘growth and exploitation phase’ (r), 
which leads to the ‘conservation phase’ (K), both of which are fairly predictable. During the course of the K phase, 
the system becomes increasingly less flexible as resources are consumed in sustaining the structure of the system. 
This inevitably leads to collapse and release (Ω) followed by the reorganisation phase (ᾳ) in which new opportunities 
arise. These last two phases are both inherently unpredictable.
 
Other historical patterns which reveal how the system came to its current state include: changes in weather patterns, 
population structure and movements, income levels, urban expansion, technological innovations, economic activities 
and political policies, among many others. 

THE INSTITUTIONAL 
AND POLICY 
LANDSCAPE

The institutional landscape is an important component of social-ecological systems, which influences the ability 
to respond to unexpected events and transform towards desired states. The flexibility and representativeness of 
multiple, autonomous and nested institutions that interact at multiple scales is likely to increase the resilience 
of the system; relative to more top-down, centralised forms of governance. Inclusivity in decision-making and its 
implementation, where stakeholders such as civil society, business and Non-Governmental Organisations (NGO’s) 
actively participate in governance, is more likely to increase resilience. This is because such inclusivity enhances the 
legitimacy of decision-making, the extent of stakeholder ‘buy-in’ and the responsiveness of policies and plans to real 
stakeholder needs, among other factors.
 
In studying the social-ecological system, it is also important to gain some understanding of the legal and policy 
landscape, both in terms of its ability to enable effective response to constant change and unpredictable events 
(and continual learning in this regard); as well as the ways in which stakeholders wish to transform the system 
(i.e. ‘desired states’ of the social-ecological system). Such ‘desired states’ are often expressed in local land use 
planning processes, for example; as well as in regional and national policies related to a variety of sectors. Moreover, 
international agreements that have been signed also provide an indication of the ‘desired state’; an example being 
the Sustainable Development Goals (SDG’s) which African countries have committed to achieving. 
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SUPPLEMENTARY SHEET 3: 
GREEN INFRASTRUCTURE
Green infrastructure is a way of understanding natural and man-

made ecological elements as part of the infrastructure system 

that supports society (Schäffler et al., 2013). Schäffler et al. (2013) 

point out, however, that the consideration in strategic planning 

of ecological features and the connections between them is not 

new. Frederick Law Olmstead’s ‘parkways’ concept (which aimed 

to promote a sense of community and tranquillity in urban areas 

in America in the late 19th century); and Ebenezer Howard’s 20th 

century ‘garden cities’ in Britain, influenced green space planning 

in later decades (e.g. greenways movement of the 1990’s) (National 

Association for Olmsted Parks, n.d.; Schäffler et al., 2013). 

However, the current dialogue around – and practice of – ‘green 

infrastructure’ development “… calls for a shift beyond conventional 

environmental protection and conservation, to a redefinition of 

green assets and ecological systems as part of the infrastructure 

that serves society” (Schäffler et al. (2013: 11). 

The concept of ‘green infrastructure’ is a contested and evolving one, 

which is interpreted in a variety of ways depending on the context 

in which it is used (Wright (2011). For some, ‘green infrastructure’ 

refers to trees that provide ecological benefits in urban areas, while 

for others it means engineered structures (e.g. water treatment 

facilities) that are designed to have minimum impact on the natural 

environment (Benedict and McMahon (n.d.). The definition used in 

this document is presented in Box 3.1.

It is important to note that this definition goes beyond purely 

natural aspects to include man-made ecological elements that 

range from parks and planted vegetation, for example; to building 

interventions such as green roofs, among many others (URBES 

Project, 2014; Schäffler et al., 2013). It is also important to note 

that not all natural elements are considered ‘green infrastructure’; 

only those that are part of a broad interconnected network that 

provides services in a similar way that built or grey infrastructure 

provides services (SANBI, 2017). Green infrastructure is, therefore, 

a new way of valuing natural and man-made ecological elements 

as a part of the infrastructure system supporting development 

(Schäffler et al., 2013).   

It is useful to view green and grey infrastructure as part of a 

continuum as shown in the diagram below (adapted from Davies 

et al., 2013: 3):

Figure 3.1: Green Infrastructure; A green-gray continuum 

(adapted from Davies et al., 2013: 3)

BOX 3.1: GREEN INFRASTRUCTURE - DEFINITION

Green infrastructure refers to “… the interconnected 

set of natural and man-made ecological systems, green 

spaces and other landscape features. It includes planted 

and indigenous trees, wetlands, parks, green open 

spaces and original grassland and woodlands, as well as 

possible building and street-level design interventions 

that incorporate vegetation, such as green roofs. 

Together these assets form an infrastructure network 

providing services and strategic functions in the same 

way as traditional ‘hard’ infrastructure”.

(Schäffler et al., 2013: 3)
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The services that green infrastructure provides, which increases 

the resilience of the social-ecological system, include for example, 

the following (WWF and AfDB, 2012; Harrison et al., 2014; Elmqvist 

et al., 2015; Baró et al., 2016; Ranjha, 2016; Lloyds and Arup, 2017):

• Regulation of water run-off;

• Air quality improvement;

• Cooling heat islands;

• Noise reduction;

• Flood protection;

• Disaster risk mitigation (e.g. storm-surge protection);

• Pollution reduction and associated disease regulation; and

• Opportunities for outdoor recreation.

Moreover, the integration of built infrastructure with relevant 

natural services provided by ecosystems can:

• Add flexibility to the infrastructure system as a whole, 

increasing its resilience through enhanced capacity to adapt 

to natural changes (Pandit and Crittenden 2015).  The more 

dynamic nature of natural systems allows them to respond 

better than built infrastructure to gradual changes over 

extended periods of time (Pandit and Crittenden, 2015); and

• Enhance the diversity and redundancy within the infrastructure 

system through increasing the number of sources through 

which a single function is provided and spreading risks across 

geographical areas and systems (Ahern, 2011; Harrison et 

al., 2014). For example, water purification provided by built 

infrastructure can be assisted by green infrastructure in a 

catchment including wetlands and riparian areas, among 

other natural features (Cilliers and Cilliers, 2016).

Green infrastructure also has the advantage of being able to 

perform multiple functions simultaneously (e.g. flood alleviation, 

water filtration, carbon capture and places for people to recreate, 

among others); unlike built/grey infrastructure which is usually 

designed for a single purpose (Kithiia and Lyth, 2011; Schäffler 

et al., 2013; Harrison et al., 2014). As examples, Boland and 

Hunhammar (1999) point out that an urban forest can perform 

the functions of air filtering, micro-climate regulation, noise 

reduction, rainwater drainage and recreational opportunities; 

while wetlands can regulate micro-climate, drain rainwater, treat 

sewerage and provide recreational space. Further, a football field 

which is primarily developed to serve a recreational function, can 

also provide regulating services such as storm water reduction and 

softening of the effect of an urban heat island (Cilliers and Cilliers, 

2016).

The concept of ‘green infrastructure’ has rapidly developed 

internationally, particularly in the United States and Europe (Barió 

et al., 2016). Kithiia and Lyth (2011) argue that while the role of 

green infrastructure in enhancing urban environmental quality 

and community health has been widely promoted in the African 

region, there is less emphasis on management approaches that 

recognise the full role of green infrastructure in climate change 

adaptation and mitigation. Drawing on examples from Mombasa 

(Kenya), Kithiia and Lyth (2011) illustrate the importance of the 

multi-functionality of green infrastructure, including its role in 

meeting direct social needs (e.g. enabling local urban communities 

to be close to nature), as well as its potential role in climate change 

mitigation and adaptation (e.g. cooling effect of Mombasa’s Haller 

Park).  Arguing for the use of green infrastructure in climate 

change mitigation and adaptation in Africa, Kithiia and Lyth (2011: 

252) state that the “… combination of technological, financial, 

institutional and skills constraints…”, as well as the shortage of 

data experienced in describing environmental conditions in low-

income countries, is likely to constrain the implementation of 

“hard engineering” solutions, resulting in the need to consider 

‘alternative interventions’.

While acknowledging that green infrastructure is not a replacement 

for large-scale public built infrastructure, and that a diverse range 

of approaches to climate change adaptation and mitigation are 

needed, green infrastructure nevertheless has an important role to 

perform in African cities1 (Box 3.3) (Kithiia and Lyth, 2011; Culwick 

and Bobbins, 2015). This is particularly since it can require less 

BOX 3.2: GREEN INFRASTRUCTURE FOR 
RESILIENT CITIES

“Natural and engineered green infrastructure solutions 

can create unprecedented opportunities for building 

resilient cities in the future.”

(Harrison et al., 2014: 58)

1Green infrastructure also has a critical role to perform in rural areas, however, given 
the focus of this guide, the discussion centres on the role of green infrastructure in 
African cities. 
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capital budget expenditure than additional built infrastructure, 

while providing multiple benefits (Kithiia and Lyth, 2011; Culwick 

and Bobbins). Culwick and Bobbins (2015) point out that, “GI (green 

infrastructure) can provide infrastructure alternatives where the 

cost of traditional grey infrastructure is prohibitively high”, using 

the example of Diepsloot informal settlement in Johannesburg, 

South Africa. Diepsloot does not have a formalised storm water 

infrastructure system due to its high cost, however a community-

based organisation called Wassup (Water, Amenities, Sanitation 

Services Upgrading Programme), together with academics from 

the University of the Witwatersrand, are exploring opportunities 

to develop low-cost green infrastructure to address the risks of 

both standing water and flooding (Culwick and Bobbins, 2015). 

Initial findings indicate that such opportunities that use available 

resources and local skills exist (e.g. a pilot soak-away garden has 

been developed by Wassup to help in absorbing excess surface 

water) (Culwick and Bobbins, 2015).

Effectively harnessing the benefits of ecosystem services within 

an integrated urban infrastructure system requires a number of 

proactive measures. These measures range in scale from those 

relevant to strategic urban and regional planning; to neighbourhood 

initiatives; to site-specific project-level design and assessment - 

and include the need to increase the value that is placed on green 

infrastructure at all scales (Harrison 2014; Maze and Driver, 2016; 

Cilliers and Cilliers, 2016). There are multiple guides and plans that 

have been developed internationally that provide recommendations 

around green infrastructure planning and design at these various 

scales. It is not within the scope of this discussion to provide 

detailed green infrastructure planning and design guidance (e.g. 

how to prioritise green infrastructure elements within plans for 

ensuring ecosystem connectivity in the landscape). However, 

to provide an initial idea of the type of broad actions that can be 

considered, examples are presented in Box 3.4 related to:

• Integrating green infrastructure into strategic urban and 

regional planning;

• Linking built infrastructure projects with relevant green 

infrastructure; and

• Developing the capacity needed to sustainably integrate 

relevant ecosystem services into the infrastructure system.

BOX 3.3 RETHINKING INFRASTRUCTURE 
PROVISION IN AFRICA

“We believe that GI (green infrastructure) presents an 

opportunity to rethink the way infrastructure provision 

and development are envisaged in African cities, because 

it has the ability to deliver services using a flexible 

planning approach that can be tailored to address the 

specific challenges unique to African cities.” (parenthesis 

added)

(Culwick and Bobbins, 20 October, 2015)
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Box 3.4: INTEGRATING GREEN INFRASTRUCTURE INTO STRATEGIC DEVELOPMENT PLANNING AND INTO BUILT INFRASTRUCTURE PROJECTS 

 INTEGRATING GREEN INFRASTRUCTURE INTO STRATEGIC URBAN AND REGIONAL PLANNING 
(Benedict and McMahon, n.d.; Harrison, 2014;  Cilliers and Cilliers, 2016; Biggs et al., 2015;  Maze and Driver, 2016)

• Identify high value green infrastructure assets (e.g. urban indigenous forest that provides space for recreation and mitigates the urban heat 
island effect) and include these in strategic planning for built infrastructure. The purpose is not only to protect such green assets directly, but 
to ensure that the services that they provide are recognised and integrated into a system of grey-green infrastructure.

• Plan for physical connectivity between elements of green infrastructure (i.e. across landscapes, scales and governmental jurisdictions) to 
enhance the sustainability of these ecosystems and the services they provide (e.g. the intactness of vegetation along the length of an urban river 
that crosses administrative boundaries affects the ability of such vegetation to control erosion, which in turn affects water quality in the river).

• Plan to maintain and enhance both the ecological integrity and the social amenity of existing urban and regional green networks, extending 
these where possible.

• Explicitly consider physical and functional connectivity of green-grey infrastructure within urban areas (e.g. providing easy pedestrian access 
to amenities through connecting urban parks, woodlots, streams and pedestrian walkways in an integrated system); as well as between rural 
and urban areas, and enhance these as far as possible. 

• Ensure the effective management and maintenance (including formal protection, if appropriate) of strategic and irreplaceable natural assets 
(e.g. water source areas and wetlands); as well as the ecological processes that ensure the sustainability of these assets. 

LINKING BUILT INFRASTRUCTURE PROJECTS WITH RELEVANT GREEN INFRASTRUCTURE 
(Harrison et al, 2014; Maze and Driver, 2016)

• Include the restoration and/or maintenance of related green infrastructure in the planning and implementation of built infrastructure projects 
(e.g. restoration of catchment areas to decrease erosion when building a dam, thereby reducing potential sedimentation).

• Ensure that green infrastructure is not negatively affected by the construction of built infrastructure (e.g. avoid residential development within 
the protected area of an estuary and ensure that the migratory routes of highly valued species, on which tourism depends, are not fragmented 
by infrastructure development).

• Seek opportunities for the development of ‘grey-green’ infrastructure, for example:
 - Designing a park so that it serves both recreational and flood retention functions;
 - Attenuating storm water using, inter alia, vegetated swales, green roofs, vegetated curbs, rain gardens and permeable pavements; and
 - Developing green bridges to facilitate species movement.

• As far as possible, seek opportunities to use, maintain and enhance ‘green infrastructure’ instead of building and/or extending grey infrastructure 
(e.g. wetlands and restored catchments could avoid the need to construct water treatment infrastructure).

DEVELOPING THE CAPACITY NEEDED TO SUSTAINABLY INTEGRATE ECOSYSTEM SERVICES INTO THE INFRASTRUCTURE SYSTEM 
 (Harrison, 2014; Maze and Driver, 2016; URBES Project, 2014) 

• Enable and promote awareness among a range of stakeholders (e.g. government decision-makers, civil society and business) of the functionality 
of ecosystems and their services and how they can contribute to supporting urban and rural infrastructure.

• Promote investment in green infrastructure and its maintenance at a local, provincial and national level.
• Invest in developing the range of skills needed for the development and maintenance of green infrastructure within multiple fields, including 

town and regional planning, hydrology, ecology, engineering, horticulture, and construction, among others.
• Undertake specific case studies to track and report on the benefits, as well as the costs, of developing and maintaining green infrastructure in 

a range of diverse contexts in Africa. 
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