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figURe 2.1 | systems, agents, institutions, and exposure
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the icons below are used throughout this publication to represent the core elements of the framework introduced in this chapter.
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inTroDucTion

The challenges of urbanization and climate introduced in chapter 1 are 
evidence that as cities all over the world build long-lived infrastructure 
and other systems in the coming decades, the impacts of unavoid-
able climate change must be foremost in their consideration. In order 
to support dense populations and high levels of interaction, cities 
require inputs from ecological systems; many kinds of social organiza-
tion; structures that facilitate and mediate interaction and exchange; 
and complex infrastructures that include links to global networks of 
transport, finance, communications, and supply. Cities provide opportu-
nities for people to enhance their well-being through greater productiv-
ity and access to goods, services, experiences, and ideas, but only if these 
complex supporting systems and organizations function properly. The 
uncertainties of dynamic future conditions and the direct and indirect 
linkages across multiple sectors (that extend well beyond the boundaries 
of the city itself) make thinking about how to increase urban resilience 
to climate change in practice a daunting task. 

This chapter presents an Urban Climate Resilience Planning Framework 
(UCRPF). The framework is intended to be a tool to help simplify and 
analyze complex relationships between urban residents, urban systems, 
urban institutions, and climate change. It can help clarify the factors that 
need to be included in diagnosis of climate vulnerability and refine the 
process of strategic planning to build urban resilience to climate change. 
The conceptual framework has been synthesized from a wide range of 
related fields, including ecology, engineering, disaster risk reduction, 
complex systems theory, and planning, with the goal of prompting new 
and practical ways of thinking about the challenge of urban adaptation 
to climate change. 
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aPProaches To climaTe aDaPTaTion in ciTies

There is mounting international concern about how to address the 
implications of climate change for urban areas, particularly in developing 
countries, where cities are growing rapidly and a high proportion of urban 
populations are poor or otherwise particularly vulnerable to climate-
related disruptions (Balk, Montgomery et al. 2009; Satterthwaite, Huq 
et al. 2007; UN-HABITAT 2011; Wilbanks, Lankao et al. 2007). 
With few exceptions, this literature focuses on the likely impacts of 
climate change and points to the need for local measures to adapt to 
these projected impacts. In addition, a growing number of guidebooks 
and manuals are now available to provide advice to local governments 
on how to assess the impacts of climate change and develop effective 
responses. (See, for example, USAID 2009; for the U.S., Snover and 
Whitely Binder et al. 2007, NOAA, EPA et al. 2009; for Australia, 
ICLEI Oceania 2009.)

A number of recent studies on Asian cities have focused on climate 
change adaptation in the largest metropolitan areas, where a large share 
of national populations and economic infrastructure are concentrated 
(WWF 2009, Asian Development Bank 2010). As models for wider 
application, however, these analyses have some weaknesses. First, 
most have relied on methodologies that invest heavily in downscaled 

climate modeling approaches to derive projections of future local climate 
conditions, and then propose recommendations that respond to these 
projected conditions. Most cities in Asia, however, and particularly 
rapidly growing small- and medium-sized cities that lack the knowledge 
or resources needed to undertake modeling or easily use modeling 
outputs, cannot yet employ this method of assessing climate impacts and 
vulnerability. Moreover, such climate projections tend to be either too 
detailed or too uncertain to be useful at the local level when formulating 
urban planning strategies. Climate projections are most useful when 
they respond directly to local planning priorities in the short-medium 
term and identify key trends that make existing vulnerabilities worse 
(see chapter 3 for further discussion of this issue). 

A more important drawback to these studies, however, is that the framing 
of planned adaptation responses in relation to specific climate impacts 
perpetuates the “predict and prevent” paradigm that has traditionally 
underpinned geo-hazard engineering. Hence, current approaches to 
urban climate adaptation have a tendency to focus on technical responses 
to particular climate hazards, such as defensive coastal infrastructure 
or zoning coastal areas in response to sea level rise. Climate adapta-
tion tends to be framed in terms of specific projects, which can deflect 
attention from existing systemic weaknesses or institutional failures 

a frameWorK for urban climaTe resilience Planning
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and also overlooks the incremental and compound effect of building 
resilience though multiple efforts over time. Furthermore, this analyti-
cal approach does not readily identify indirect or cumulative effects on 
complex systems or across different spatial or temporal scales (Klein, 
Eriksen et al. 2007; Schipper 2007). It is this lack of a systemic analyti-
cal approach that the Urban Climate Resilience Planning Framework 
directly counters in its approach to climate change in urban areas. 

In addition, approaches to climate adaptation that focus on impacts 
often skip over issues of vulnerability. Many studies assume that simple 
proxies such as poverty adequately represent vulnerability. A more 
complex and nuanced view of vulnerability recognizes that it results 
from a combination of capacities at the household, organization, and 
city level, together with fragility in key systems and the ways in which 
these factors interact. For example, in the case of New Orleans, the 
damage caused by Hurricane Katrina was not caused only by the storm, 
but also by lapses in maintenance of the dike system; destruction of 
wetlands; the expansion of urban housing into low-lying districts that 

may have been better left undeveloped; the lack of communications and 
public transportation systems to evacuate a sizeable low-income, elderly, 
and marginalized population in these districts; and the absence of an 
effective emergency preparedness plan at any level of government. A 
Category 4 storm was not unexpected, and all of the above factors also 
had been clearly identified in advance, but there was no framework for 
multiple agencies and jurisdictions to understand and respond to the 
combined hazards that were all predicted (Bourne Jr. 2004; Fischetti 
2001). The impact of the storm on the city’s residents was a function of 
the combined and synergistic effects of these contributing factors that 
determined their vulnerability.

A further challenge with conventional approaches to urban adaptation 
planning is that these tend to under-emphasize the role of autonomous 
adaptation; that is, the actions individuals, households, communi-
ties, and the private sector take in response to the opportunities and 
constraints that climate change presents. Such mechanisms are often 
not evident from a sectoral or project-based approach to climate 

© Taru
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adaptation. Moreover, conventional approaches also under-emphasize 
the importance of mechanisms for systematic learning by multiple actors 
at different scales as a key element of building capacity for adaptation.

The Urban Climate Resilience Planning Framework elaborated in this 
chapter places an emphasis on resilience rather than adaptation to 
suggest more explicit analytical attention to interacting urban systems, 
in which direct climate impacts are linked through spatial, physical, 
and economic connections to their effects on urban populations. It also 
encourages attention to the autonomous actions of social agents, both 
individuals and organizations, who are able to prepare and respond to 
climate effects independently and to the institutional structures that 
enable and constrain the scope and nature of agent activity, particularly 
in relation to key supporting systems. Finally, the resilience framework 
emphasizes the importance of ongoing processes for shared learning 
and capacity building over time as understanding of climate change and 
experience in building resilience both increase.

The academic literature in various disciplines emphasizes differ-
ent aspects of resilience and often disagrees about how to define and 
measure it (Leichenko 2010). The UCRPF uses the following defini-
tion developed by the Resilience Alliance (2002), a multi-disciplinary 
network composed of researchers and practitioners who explore the 
dynamics of socio-ecological systems: 

[Resilience is…] the ability to absorb disturbances, to be changed 
and then to re-organise and still have the same identity (retain 
the same basic structure and ways of functioning). It includes the 
ability to learn from the disturbance. A resilient system is forgiv-
ing of external shocks. As resilience declines, the magnitude of a 
shock from which it cannot recover gets smaller and smaller.

Resilience implies recognition of the interaction between behaviors, 
systems, and strategies that are intentionally structured or organized, 
and those that are self-organizing or emerge as a consequence of autono-
mous behavior in response to deeper institutional or systemic features. 
A resilience approach not only addresses the vulnerability of systems 
and agents to specific projected climate conditions (e.g., more frequent 
heat waves, more intense rainfall), it also builds the capacity of cities to 
respond to surprise and to unexpected outcomes. In addition, it encour-
ages the establishment of institutions that support the development and 
maintenance of resilient systems and enable the growth of agent capacity. 
Although the UCRPF emphasizes resilience rather than adaptation, it 
is important to recognize that the two are interlinked. Resilient systems 
are the stable foundations that agents (government agencies, individuals, 
households, and businesses) require in order to shift strategies and adapt 
as conditions change. 

Key elemenTs of The frameWorK

The key elements of UCRPF outlined here are urban systems, social 
agents, and institutions, and, for each, the degree to which it is exposed 
to the impacts of climate change. Most of the recent literature on 
complex adaptive systems has emphasized the integration of social agents 
and institutions along with biophysical systems and infrastructure as 
inherent parts of an overriding “system” (Folke, Carpenter et al. 2002; 
Gunderson and Holling 2002). While the framework borrows from 
these integrated systems concepts, we find that analyzing component 
dimensions separately adds clarity and is more practical when working 
with decision makers and complex urban areas. Within the framework, 
building resilience means:

 ■ Identifying and ameliorating fragile systems through strengthen-
ing those characteristics that reduce their vulnerability to climate 
impacts;
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 ■ Strengthening the capacities of social agents to access urban 
systems and to develop adaptive responses;

 ■ Addressing the institutional factors that constrain effective 
responses to system fragility or undermine the ability to build 
agent capacity.

We separate these factors for purposes of conceptual and analytical 
clarity, in order to be able to assess the physical characteristics of an 
infrastructure or ecological system, the motivations that underpin differ-
ent forms of social organization, and the manner in which institutions 
structure relationships among agents and between agents and systems. 
Collectively, these are the factors that contribute to urban resilience, but 
to understand each requires different analytical approaches, 

Urban systems are driven by the dynamic interactions between 
coupled components where cause-effect relationships cannot always be 
determined. Technical analysis, measurement, and modeling can provide 
insights into system behavior, although predicting the behavior of 
dynamic and adaptive systems is very difficult. Urban systems (infrastruc-
ture and ecosystems) are designed and/or managed through deliberate 
human intervention, but their performance will depend on a multitude 
of factors that are difficult to manage, including human behavior and 
institutional context, which often lead to unintended side effects (e.g., 
pollution, congestion). Urban systems that are already overstretched are 
more likely to fail, or exhibit unstable behavior as evidenced by erratic 
power supply and power surges in many cities in Asia. 

Human agency differs from system function in that outcomes arise not 
only from interaction between elements but from purposive decisions. 
Agents, unlike systems, are capable of deliberation, independent 
analysis, voluntary interaction, and strategic choice in the face of new 
information. Agents are actors in the sense that they introduce volition 

and intent into actions; they behave in ways that reflect their location 
and structure within society (i.e., as government entities, businesses, 
communities, households, and individuals), their preferences, and the 
opportunities and constraints they perceive. Insights into the behavioral 
patterns of agents can be gained through agent-based modeling or more 
qualitative forms of social science research. These techniques are quite 
different from those required to gain insights into systems. 

Identifying the institutional factors that underpin how systems are 
designed and managed and the incentive structures that influence 
agent behavior requires yet different analytical approaches. Institutional 
analyses focus on how high-level structural considerations and contexts 
shape the social space within which agents act (Campbell 1998; 
Schneiberg and Clemens 2006). The results of institutional analyses 
complement insights gained from separate analyses of systems and 
agents. This is also the case with the analysis of exposure, for which 
the effects of climate change can be systematically identified through 
scenarios that explore the implications of specific changes in relation 
to specific systems, specific groups of agents, and specific institutional 
structures. 

On a practical level these four core elements in the UCRPF (urban 
systems, agents, institutions, and exposure) provide distinct lenses 
through which to consider urban climate change resilience. Each aligns 
with specific interests and backgrounds associated with key practitio-
ners and decision makers responsible for planning in urban areas. As a 
result, separation of these major components provides a practical basis 
for engaging with key actors in urban areas about climate resilience. Yet, 
collectively they provide a holistic view of urban resilience: urban systems 
relate to what will be managed (infrastructure, ecosystems, etc.); agents 
relate to who will take action or be affected by actions (e.g., businesses, 
government organizations, NGOs, communities, etc.); institutions relate 
to how action is structured or enabled (legal or regulatory frameworks 



36 C a t a l y z i n g  Ur b a n  C l i m a t e  re s i l i e n c e 

and processes, laws, authority, agreements, etc.); and exposure relates to 
climatic drivers of change (parameters, magnitudes, locations, with what 
level of uncertainty). 

urban vulnerabiliTy anD exPosure

Before considering the key elements of the resilience framework in more 
detail, it is important to reiterate that our framework focuses on resilience 
to climate change specifically, although the principles could be applied to 
considering resilience to other potential hazards (e.g., pandemics, terror-
ism). An important part of the resilience framework, therefore, is assess-
ing vulnerability to climate change. Therefore, we start by clarifying what 
we mean by climate change vulnerability, recognizing that definitions 
of vulnerability are widely debated and often quite different among the 
communities working on climate change and other related fields (Fussel 
2006; Fussel and Klein 2006; Hardoy and Pandiella 2009; Ionescu, Klein 
et al. 2009). The Intergovernmental Panel on Climate Change (IPCC) 
defines vulnerability as: “the degree to which a system is susceptible to, 
and unable to cope with, adverse effects of climate change, including 
climate variability and extremes” and frames vulnerability as “a function 
of the character, magnitude, and rate of climate change and variation 
to which a system is exposed, its sensitivity, and its adaptive capacity” 
(IPCC 2007a). This formulation of urban vulnerability to climate 
change posits vulnerability as the inverse of resilience. In terms of the 
elements in the UCRPF, it suggests a focus on those areas where fragile 
systems and marginalized agents are exposed to impacts from climate 
change and limited in their ability to adapt by constraining institutions.  
(See Figure 2.2). 

As such, exposure to climate change-related hazards is a key concept 
that underpins understanding of vulnerability. If urban systems, agents, 
and institutions are not exposed to shocks and stresses associated with 
climate change, then resilience to such stresses is not at issue. The question 

of exposure is, however, more complex than it may at first appear. Some 
of the greatest stresses on urban areas from climate change are likely to 
be indirect, incremental, or both. They will emerge as a consequence of 
distant changes that are translated to urban areas through interlinked 
systems as a result of global markets, supply chains, and dependency 
on remote ecosystems or wider infrastructure networks. In addition, 
exposure to individually minor climate effects, in aggregate or in 
combination with other stresses, may cause systems to “tip” (i.e., become 
unstable and lose key structural or functional characteristics — see the 
following table for examples). This is a central observation emerging 
from conceptual and applied work on systems resilience (Dakos, van 
Nes et al. 2010; Gunderson and Holling 2002; Scheffer 2010). Yet, 
most applied work on adaptation focuses on the types of direct tangible 
impacts from climate change that people can observe and understand 
within their locality. Impacts are also likely to be compounded by other 
changes (such as the process of urbanization, the presence of conflict or 
on-going environmental degradation) that are themselves unrelated to 
climate.

Table 2.1 outlines some of the likely direct and indirect ways urban 
systems may be exposed to stress from climate change. The table is 
not comprehensive, but is intended to illustrate the types of exposure 
issues that are important to consider in understanding and evaluating 
resilience.

The Urban Climate Resilience Planning Framework considers vulner-
ability to climate change in terms of climate exposure — both direct 
and indirect — as discussed above. But it places equal emphasis on the 
role of system sensitivity or fragility, the capacities of agents, and the 
institutional factors that shape their spheres of action. This recognizes 
the distinction between social and physical vulnerability that has been 
noted as essential in key reviews related to climate change (Brooks 2003). 
In doing so, it moves beyond the traditional focus on poverty or other 
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forms of social marginality as the main proxy for vulnerability that 
is common in many other formulations in practice, despite the 
theoretical nuances of their approaches (see for example Eriksen, 
Klein et al. 2007; Heltberg, Siegel et al. 2009; Verner 2010). This 
is particularly important in urban areas where exposed populations 
will be highly vulnerable if for example key infrastructure systems 
fail and are unable to recover rapidly.

Vulnerability to climate change occurs when fragile inflexible 
systems and/or marginalized or low capacity agents are exposed 
to climate change and their ability to shift strategies is limited 
by constraining institutions. Resilience and adaptive capacity are 
high where robust and flexible systems can be accessed by high 
capacity agents whose ability to shift strategies and address system  
fragilities as climate conditions change is supported by enabling 
institutions. Vulnerability, in the Urban Climate Resilience 
Planning Framework, is therefore a function of not only exposure, 
but of the characteristics of systems, the capacities of agents, and 
the nature of the institutions that link them — and for each, the 
degree to which it is exposed to the impacts of climate change. We 
explore the details of these key elements in turn below.

urban sysTems 

For the purposes of understanding the framework, urban systems 
include both ecosystems and infrastructure systems along with 
the knowledge required to manage, maintain, and develop them. 
Ecosystem services (such as water, air, food, coastal defense, and 
water absorption) underpin city functioning and are mediated and 
complimented by physical infrastructure (transport, water distribu-
tion, drainage, power, communications) (da Silva, Kernaghan et 
al. 2010). When present, well managed, and maintained, these 
provide the services that support a wide range of private, public 

VUlnerabilitY (of cities or specific agents) = ƒ

(exposure, fragile systems, constraining institutions, 

 marginalized & low capacity agents)

figURe 2.2 |  climate impacts on fragile systems 
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table 2.1  | Patterns of exposure to climate change

exPosure  

characTerisTics

TemPeraTure sea level rise

imPacT  

DescriPTion

Direct impacts on 

urban systems, agents, 

and institutions.

indirect impacts through 

coupled systems.

Direct impacts on 

coastal cities.

indirect impacts on non-coastal 

cities through coupled systems.

WaTer suPPly  

examPles

Water quality (salinity, 

pathogens, nutrients, algae, 

etc.), water availability through 

changes in evaporation.

Food storage, worker 

productivity and health, 

transport system reliability, 

energy demands for cooling 

and production. institutional 

impacts on design standards, 

customary working hours, etc. 

Potential direct impacts on 

key sectors such as tourism.

ability to pump water if 

electricity system fails due  

to temperature.  

Salinization of coastal 

aquifers and sources, impacts 

on water treatment and 

waste disposal facilities.

Water availability from 

coastal sources.

oTher examPles

Food storage, worker 

productivity and health, 

transport system reliabil-

ity, energy demands for 

cooling and production. 

institutional impacts on 

design standards, custom-

ary working hours, etc. 

Potential direct impacts on 

key sectors such as tourism.

Food availability (impact on 

agriculture), spread of disease, 

long-distance transport 

issues, regional energy 

demand (base and peak). 

impacts on productiv-

ity and product availability 

from other regions.

inundation of low-lying 

infrastructure and land areas 

affecting multiple systems. 

Changes in the dynamics 

of streams and estuaries 

(some of the most produc-

tive ecological zones). 

Potentially major impacts on 

local agriculture. inundation 

of ports. migration of 

coastal populations.

Disruption of global transport 

systems through impacts on 

ports and coastal infrastructure. 

Population inflows due 

to displacement from 

coastal regions.
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PreciPiTaTion variabiliTy & exTreme evenTs

Direct impacts indirect impacts through 

coupled systems

Floods, droughts, storms affect 

water supply reliability, turbid-

ity, design standards for water 

infrastructure, reliability and 

safety of existing supply and 

sewerage infrastructure, etc. 

Functionality of water rights 

systems potentially affected. 

Supplies for marginalized 

populations uncertain.

regional impacts on 

availability and water 

rights systems (upstream-

downstream relations), major 

floods and droughts, etc. 

Significant issues in 

allocating water in large 

transboundary basins 

(physical and institutional).

local agricultural productiv-

ity and reliability, disaster 

frequency, displacement 

of populations, disrup-

tion of infrastructure

Food costs and availability, 

disruption of regional transport 

and communication networks. 

Changes in availability and 

cost of inputs for weather 

dependent economic sectors. 

Overall costs of disasters on 

national and global economies.

sector, and community-based activities that contribute to human 
well-being and generate economic prosperity. However, one or 
more of these systems, or the linkages between them, may have 
critical weaknesses or fragilities with respect to climate impacts. 
For example, urban food supplies may depend on vulnerable local 
floodplain agriculture and/or on multiple forms of transportation 
infrastructure supplying markets. Direct or indirect impacts from 
climate change could impact multiple systems or cause cascading 
disruptions throughout several systems affecting large sections of 
the urban population as well as the wider economy. 

Although not climate-related, the March 2011 tsunami in Japan 
illustrates these types of interconnections. Interruptions to supply 
chains that were of central concern for many businesses are a primary 
example of the disruptions that could occur (The Economist 2011). 
In this case, the complexity of supply chains hid high levels of 
global dependency on a small number of Japanese manufacturers  
(damaged by the tsunami) for critical components. The nuclear 
radiation risk at Tokyo Electric Power Company’s (TEPCO) 
Fukushima Dai-ichi plant and the loss of power due to it and 
several other nuclear power facilities shutting down affected tens 
of thousands of people. This was a combination of off-site power 
being affected, as well as direct inundation and damage to the plant 
itself. Operators were faced with a catastrophic, unprecedented 
emergency scenario with no power, reactor control or instrumen-
tation, and very limited communications both within and external 
to the site (IIEA 2011). Similar issues could emerge in relation 
to food, energy, communications, health, and other services. The 
point is that spatial analysis of direct local climate impacts alone 
is insufficient to understand the vulnerability of urban systems. 
It must be combined with systems analysis that recognizes the 
interdependency between systems as well as their links to assets, 
resources, and networks outside the municipal boundary.
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general characTerisTics

Resilient systems are able to maintain their functions and linkages 
in the face of shocks and stresses resulting from climate change,  
recognizing the inherent uncertainty in predicting the future (Male: 
2009). It is important to distinguish between resistant or robust 
systems, which provide protection (e.g., sea walls) or are designed 
to ensure continuity of operation in the face of extreme events and 
change; as opposed to resilient systems which accept that some failure 
or operational disruption may occur but that functionality is retained 
and can be rapidly re-instated (McBain, Wilkes et al. 2010; O’Rourke 
2007). This also recognizes that resilience is achieved by incorporat-
ing learning from previous events in the progressive adaption of urban 
systems. For instance, the need to provide stand-by power generation for 
a hospital may become evident as a result of a sub-station being flooded 
in a previous event, yet may ultimately be an interim step to shifting to 
more flexible decentralized power supply that may combine off-grid and 
feed-in local generation. 

From the study of complex engineering and ecological systems, charac-
teristics that are widely cited as contributing to the resilience of systems 
include the following (Alberti, Marzluff et al. 2003; Andersson 2006; 
Berkes 2007; Ernstson, van der Leeuw et al. 2010; Folke 2006; Folke, 
Carpenter et al. 2002; Gunderson and Holling 2002; Leichenko 2011; 
Liu, Dietz et al. 2007; Meadows 1999; Resilience Alliance 2007; IIEA 
2011):

flexibility and diversity

Flexibility and diversity refer to the ability to perform essential tasks 
under a wide range of conditions, and to convert assets or modify 
structures to introduce new ways of achieving essential goals. A 
resilient system has key assets and functions physically distributed so 
that they are not all affected by a given event at any one time (spatial 

diversity) and has multiple ways of meeting a given need (functional 
diversity).

redundancy, modularity

A redundant and modular system is one that has spare capacity for 
contingency situations in order to accommodate extreme or surge 
pressures or demand. It also has multiple pathways and a variety of 
options for service delivery; or interacting components composed of 
similar parts that can replace each other if one, or even many, fail. 
Redundancy is also supported by the presence of buffer stocks within 
systems that can compensate if flows are disrupted (e.g., local water 
or food supplies to buffer imports)

safe failure

Safe failure refers to the ability to absorb sudden shocks (includ-
ing those that exceed design thresholds) or the cumulative effects of 
slow-onset stress in ways that avoid catastrophic failure. Safe failure 
also refers to the interdependence of various systems that support 
each other; failures in one structure or linkage are thus unlikely to 
result in cascading impacts across other systems. 

In addition, rapidity — the speed with which services can be re-instated 
— is often cited as a key characteristic. However, this is largely dependent 
on the capacity of local actors to mobilize and act, which we address as 
agent characteristics.

These characteristics of resilient systems are attributes that reflect the 
likely ability of a system to continue to fulfill its intended function, 
or be rapidly reinstated following a disruption. They should be seen 
as guidelines for thinking about complex urban systems in new ways, 
rather than as detailed technical specifications. Each context and system 
will be different, and it is impossible to provide specific prescriptions 
for all conditions, though there is a growing body of research looking 
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at the resilience of specific systems and the wider consequences and 
costs of disruption or failure due to climate change (Brunner and Suter 
2008; American Lifeline Alliance 2005; McBain, Wilkes et al. 2010). 
The point is to use these general characteristics to think about issues 
of climate vulnerability in a more comprehensive manner than can be 
achieved by considering direct impacts alone. Table 2.2 suggests how 
these general characteristics might be translated into performance 
specifications in relation to water supply. From these examples, it can be 
seen that the system characteristics should not be considered as mutually 
exclusive categories. In any given system, a particular desired perfor-
mance factor might be ascribed to more than one category (in some 
systems, for example, modularity is similar to diversity, e.g., multiple 
water pumping stations in various locations). 

critical urban systems as gateways

The functioning of the modern urban area depends in fundamental ways 
on what we refer to as critical urban systems. The notion of critical 
infrastructure is well understood as those facilities, systems, sites, and 
networks necessary for the functioning of the city and the provision of 
essential services on which daily life depends (McBain, Wilkes et al. 
2010). Here we prefer to use the term critical urban systems in order to 
more explicitly recognize the role of ecosystems as well as infrastruc-
ture in contributing to water and food, drainage, waste absorption, and 
coastal defenses. 

These critical urban systems are often highly interdependent so that 
failure of one system can have a direct and damaging effect on another. 
For example, water treatment and distribution relies on power supply, 
so that loss of power also results in loss of water. Failure of a critical 
urban system may not only have significant effects locally, but also may 
result in cascading effects beyond the urban area, either regionally or 
nationally. The scale of impact caused by failure needs to be considered 

as a result of cascade effects due to both system interdependency, as well 
as the degree of reliance on specific systems.

Critical urban systems are also dependent on the institutional structures 
within which they exist, whilst, at the same time, the operation of 
institutional structures relies on critical systems continuing to function. 
This co-dependency between urban systems, institutions, and agents is 
critical. During intense periods of crisis (which are often short-term 
events), failure of food or water supply, power, transport, and communi-
cation systems will fundamentally inhibit the ability of key institutions or 
decision makers to function. For example the effectiveness of emergency 
services may rely on road networks or telecommunications for access and 
information. More fundamentally, access to food and potable water is 
essential to survival of individuals and functioning of local authorities. 

Since the function of institutions is likely to be impaired and agents’ 
ability to act compromised if the underpinning critical urban systems 
are fragile, patterns of co-dependency are unidirectional, particularly 
during times of extreme stress. Over longer time horizons, however, 
the directional nature of dependencies becomes more balanced since the 
design, maintenance, and operation of critical systems also depends on 
the capacity of agents and the strength of institutions.

The understanding of systems, agents and institutions as co-dependent 
and hierarchically ordered underpins our approach to the UCRPF. This 
approach draws on Amartya Sen’s entitlement framework and related 
work on livelihoods that emphasizes command over assets and access to 
services as central to well-being and the ability to respond during crises 
(Dreze and Sen 1989; Dreze and Sen, et al., eds. 1995; Scoones 1998; 
Sen 1999; Twigg 2001). Figure 2.3 illustrates this functional dependency 
distinguishing between core systems and those systems and institutions 
which more broadly enable diverse agent responses. We include land 
as a core system in addition to ecosystems in recognition of its unique 
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sysTem 

characTerisTic

flexibiliTy, subsTiTuTabiliTy, 

 anD DiversiTy
reDunDancy anD moDulariTy safe failure

flexibiliTy anD 

DiversiTy

the system can meet service needs 

under a wide range of climate 

conditions. Key elements are spatially 

distributed and can substitute each 

other but are functionally linked.

Spare capacity to accommodate 

unexpected service demand or 

extreme climate events. 

System components and pathways  

provide multiple options or substitut-

able components for service delivery.

Failure in one part of the system 

will not lead to cascading failures 

in other elements of the system. 

Key service delivery can be 

maintained even under failures.

examPles

 (for WaTer suPPly)

multiple, geographically distributed water 

sources (ground and surface water).

Pumping stations in multiple sites 

with overlapping service. 

Demand side management to 

ensure water is used efficiently.

expandable fleet of water tankers.

reservoir storage capacity exceeds 

demand under drought conditions.

Groundwater recharge exceeds 

withdrawal rate. large stocks on 

hand to buffer annual variability 

or other supply disruptions.

backup systems for water pumping.

rainwater harvesting systems to 

supplement water supply.

Protection and monitoring of source 

quality under conditions of climate stress.

Failure of one pumping station does 

not lead to distribution system failure. 

Distribution network interlinked 

so local failure will not lead to 

major service interruptions.

oTher examPles

transportation: multiple modes 

and capacities for transport-

ing key goods and people.

Food supply sourced from 

diverse geographic areas.

transportation: multiple access routes.

Communications: redundant 

cellphone transmission towers.

energy: backup genera-

tors for crucial services.

Food and other essentials: maintain high 

stock/flow balance in case of disruption.

Dikes can be opened to flood 

retention zones outside city.

table 2.2  | characteristics of resilient systems
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locational attributes in cities and the many related urban systems and 
institutions designed to respond to or enhance land as a locational asset.

The hierarchical relationship of dependencies is widely recognized in the 
engineering literature on cities. As Godschalk comments, for example: 
“A city without resilient physical systems will be extremely vulnerable 
to disaster” (2003, p. 137). In addition, this formulation highlights the 
link between the resilience of the foundational critical urban systems 
and the capacity to adapt to changing conditions that assured access to 
such systems provides. “Access to infrastructure…determines access to 
resources (natural and human-made)” (Ruth and Coelho 2007, p. 326). 
When populations have secure access to basic ecosystem services (water 
and food), to energy, to transport, and to communications, the markets, 
financial services, educational systems, and higher-level organizations 
that enable them to shift strategies can operate and evolve as conditions 
change. If the critical systems fail, the higher-level ones will also 
collapse. Regular failures, even if only short-term, can compromise the 
function of higher-order systems and therefore limit adaptive capacity.

We use the term “gateway” to capture this relationship. This is analogous 
to Sen’s and others’ use of the term “entitlement” (see above). Access to 
durable lower-level core systems provides the enabling foundation for 
agents to reach and build broader, higher-level systems and services that 
allow much more diversity and opportunity to enhance well-being — 
and to respond to climate (or other) stresses. If these core systems fail, 
or are inaccessible to some agents, the gateways close.

Failures of systems at the base of the pyramid have rapid cascade effects 
on higher levels. As a result, the resilience of lower-level systems to 
disruption is central to the functionality of higher-level systems and 
organizations. In contrast, downward dependencies are of a very different 
type. Downward cascade effects take the shape of failures in the design, 
creation, and management of lower-level systems that occur gradually 

over time. Adaptation, in fact, often involves the gradual reshaping of 
lower-level systems by activity emerging from higher levels. 

 In the second phase of ACCCRN, sectoral studies of vulnerable systems 
were completed in each city as proxies for complete systems analysis, to 
inform initial resilience strategies and action planning. The experience 
with these studies (see chapter 5) has helped to highlight the importance 
of the interdependencies described above and the need for more careful 
analysis of linked urban systems in different parts of the pyramid as part 
of vulnerability assessment. 

Below we expand on the roles and interdependencies of key foundational 
systems at the base of the pyramid. 

ecosystems and ecosystem services

Ecosystems underpin all human activity. Their condition and ability 
to provide key services (food, water, clean air, temperature mediation, 
flood moderation, etc.) are fundamental to supporting urban popula-
tions, even if they are remote from the urban area (The Desakota 
Study Team 2008). Coastal cities (e.g., Da Nang and Quy Nhon in 
Vietnam) depend heavily on dune or mangrove ecosystems for buffer-
ing flooding and storms, while the conditions of riparian areas and 
the upstream watershed may influence floods and water supply for 
cities in major river basins (e.g., Gorakhpur and Indore). In many 
cites peri-urban agriculture is a vital component of food supply (e.g., 
Can Tho), but one that may be threatened by urbanization. More 
broadly, high seasonal temperatures elsewhere could interfere with 
food supplies for cities, significantly affecting global food security 
(Battisti and Naylor 2009).

Water

Potable water is essential to human survival and requires both 
sufficient quantity and quality to support urban populations. Demand 



FIGURE 2.3  | Hierarchy of Systems
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Resilient core systems are the gateways on which the higher level systems that contribute to adaptive capacity depend.
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may be high due to urban agriculture and industry. Some urban 
areas are able to rely largely on local ecosystems (groundwater, lakes, 
and rivers) for water, but these may be threatened by pollution or 
upstream urbanization. Water distribution relies on energy as well as 
pipe networks. In Indore, for example, water is pumped a distance of 
80 kilometers with a 500-meter lift to supply the municipal utility. 
This makes Indore much more dependent on energy and transport 
systems than a city with a local water supply. 

food systems

Urban food systems are often ignored or taken for granted (Pothukuchi 
and Kaufman 1999) . In most cases, work on food systems focuses on 
rural areas and agricultural policies. In urban areas, although attention 
to urban agriculture is increasing, attention has focused primarily 
on questions of access for the poor and on public health. As cities 
grow, however, the “foodshed” on which they depend has expanded 
geographically. Whereas most food used to be produced locally, now 
it largely comes from regional and global sources; urban food systems 
therefore rely heavily on transport and communication/information 
systems, making specialized cooling and storage facilities essential, 
particularly for fresh food. All these systems depend on energy. As 
a result, urban food systems are likely to be vulnerable to cascade 
effects from disruptions in energy, transportation, and communica-
tion systems. In addition, since the food systems for individual urban 
areas are increasingly linked to global systems, the effects of changes 
in production, price, and other variables in those global systems are 
often rapidly transmitted to urban consumers.

energy systems

Energy systems are a necessary precondition for the operation of 
other systems. Transport, water supply, communication, and shelter 
systems all depend in fundamental ways on energy, so failure to the 

energy system presents the potential for major cascade effects. In 
phase 2 of ACCCRN, the cities of Surat and Indore evaluated a broad 
array of green and conventional energy options as a way of increasing 
both the resilience of the city as a whole while also reducing carbon 
emissions (Singh 2010). Energy systems represent a mix of modular 
and networked components that are often interdependent. Internal 
combustion engines for example, are highly modular, hence diesel 
generators are frequently used as stand-by power supply. Yet, they 
provide only a short-term solution since ultimately their operation 
depends on access to fuel through electric pumps at petrol stations. 
National power grids are increasingly interlinked at a super-network 
level to provide spare capacity and redundancy. In urban areas there is 
an increasing shift away from centralized to decentralized networked 
power supply, to reduce dependency on massive central systems. 
Coal power stations, for example, often depend on rail to transport 
fuel and water systems for cooling. Hydropower depends on water 
resource systems, natural gas on long-distance pipelines, and so on. 
As a result, the resilience of energy systems is often a complex topic 
in its own right and the potential for cascade effects within energy 
systems as well as between them and the other systems they support 
is often high.

communications and information

Cities are increasingly intense hubs of communications and informa-
tion, posing challenges for resilience (Allenby and Fink 2005). 
Numerous other systems (including disaster response, energy, 
transport, water supply and delivery, food, etc.) depend directly on 
information infrastructure, compounding the “interdependency 
problem” and creating a large potential for cascade effects between 
systems (Amin 2002; Little 2002). As the ability to communicate 
information over distances has increased in speed, affordability, 
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and accessibility, a plethora of new institutional arrangements have 
emerged that in diverse ways are fundamental to urban life (Allenby 
and Fink 2005). Communication systems often have both modular 
(cell and cell towers) and networked (landline) components. 

Transportation

Transportation systems are essential for moving supplies needed to 
sustain urban life and for moving people to enable productive activity. 
Most transportation systems are based on embedded networked 
infrastructure, even air and marine transport. While the transport 
itself may be modular (a truck, car, or train) roads, railways, ports, 
and piped systems are networked and often have critical points where 
redundancy is low and bottlenecks can occur. There are, however, 
major differences in the degree of dependency on specific pieces 
of critical infrastructure between transportation systems. With 
highways, for example, much of the functioning is modular and 
alternative routes exist, whereas pipeline and rail systems are tied 
to rigid networks. Transportation systems have direct interactions 
with the energy systems required to link ecosystems services with 
urban populations. Water supply systems, for example, depend on: a) 
hydrologic system dynamics; b) water transportation systems (canals, 
dams, and pipelines, which are also often linked to communication 
systems); and c) energy production and utilization for pumping. Food 
supply systems also depend in a similar manner on transport and 
energy systems to link ecosystem-based food production with urban 
consumers. Due to these linkages, the potential for failures to cascade 
across systems is often high.

shelter

Shelter is often one of the more dynamic parts of the urban landscape. 
Shelter is modular — frequently torn down and rebuilt or transferred 

in ownership. However, the tenure and development rights for the 
land on which buildings are located may be far less flexible — location 
is fixed but ownership and use may be changed with some degree 
of difficulty. Shelter is fundamental to household vulnerability, as it 
provides protection from flooding or high temperatures, support to 
livelihoods, and opportunity for rainwater harvesting. In a contem-
porary urban area, most shelter systems are only habitable if other 
networks function well. They depend on power systems, water supply, 
sanitation, and communications. 

Urban resilience is an emerging field, and developing a better understand-
ing of the complex inter-relationships between these critical systems 
is essential to identifying the factors that ensure resilience. A recent 
engineering paper comments that a “particularly troubling characteristic 
of these tightly coupled, complex systems is that they predictably fail 
but in unpredictable ways” (Little 2002, p. 113). It goes on to point out 
that often “large catastrophic events occur as a consequence of the same 
dynamics that produce small ordinary events” and that much “depends 
on how tightly coupled the infrastructure components are, how potent 
the effects are, and whether or not counter measures such as redundant 
capacity are in place” (Bak, as cited in Little 2002, p. 113). A key 
challenge is that urban systems cannot keep pace with rapidly expand-
ing populations, and infrastructure is too often planned, designed, 
constructed, and managed in isolated sectors rather than as part of an 
integrated system. There is insufficient consideration of the potential for 
major cascade effects between such systems. However, it appears that 
the potential for severe climate disruptions that could affect multiple 
systems simultaneously in many cities is high. Heat waves, for example, 
that disrupt power supply could also disrupt transport, communications, 
water supply, and food systems, and could make houses and other shelter 
less comfortable. As a result, the starting point for understanding urban 
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vulnerability to climate change is analysis of these critical urban systems 
that enable agents — the actors within urban areas — to function. 

agenTs

Agents, or actors in urban systems, include individuals (e.g., farmers, 
consumers); households (as units for consumption, social reproduction, 
education, and capital accumulation); and private and public sector 
organizations (government departments or bureaus, private firms, civil 
society organizations). They have identifiable but differentiated interests 
and are able to change behavior based on experience and learning. This 
means that even if system function is stable and predictable over time, 
agents will respond differently to new information. They have differ-
ent motivations, different decision-making practices and act at different 
levels. In order to work effectively with agents it is important to recognize 

what opportunities and constraints they face and what incentives they 
respond to. Agent behavior can be changed, but depending on the 
circumstances, it may not be any easier than modifying complex techni-
cal infrastructure systems. 

Agency is generally understood as the human capacity to make decisions 
and choices and to take action. The act of making decisions and choices 
and taking action is the exercise of agency. Concepts of agency underpin 
the agent-based modeling techniques that are increasingly widely used 
in socioeconomic research to improve understanding of social dynamics. 
This field grew out of work by researchers such as Thomas Schelling 
on game theory (1981) and Robert Axelrod on the prisoner’s dilemma 
(1984) and later many other topics (1997). Agent concepts also underpin 
the emerging body of work on complex adaptive systems (CAS) such 
as the stock market.  Most urban areas can be understood as complex 

© vTeen
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Agents develop the capacity to act through 
experience, gradually acquiring a repertoire 
of responses to stresses and shocks. The 
awareness of hazards, the ability to learn 
new responses, and the ability to acquire 
information needed to assess hazards and 
outcomes are all therefore important elements 
in strengthening the capacity of agents. 

© NOAA
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adaptive systems like those described above. Note that while CAS 
theory is built around the action of agents, in our conceptual framework 
we consider a narrower perspective on systems and separate out agents 
for special consideration. 

While cities generally have a formal government, there is also a very 
wide and complex array of social organizations — from large govern-
ment departments and business firms down to cultural associations and 
households — that continuously make decisions shaping the nature of 
the city. Our concept of agency infers strategic and often independent 
decision behavior by different agents. As a consequence, in many cities, 
particularly those that lack strong planning or coordination capacities, 
urban structure is an emergent property that parallels Krugman’s concept 
of the “self-organizing economy” (Krugman 1996). That is, the structure 
of many elements in urban areas emerges as an aggregate consequence 
of individual agents’ behavior, rather than as a result of intentionally 
planned organization. The structure of urban markets, for example, 
emerges as a consequence of numerous interactions between individuals 
with needs or demands, producers creating products, and the network 
of wholesale and retail organizations that link the two. Markets often 
have a very clear structure but it is generally not pre-planned. Overall, 
recognition of agency and the role individual agents play in creating 
structure relates closely to conceptual frameworks for understanding 
urban complexity (Batty 2005, 2008), urban evolution (Marshall 2009), 
and the self-organizing characteristics of resilient socio-ecological 
systems (Folke, Carpenter et al. 2002). 

The actions agents can take are constrained by access to the services 
provided by urban systems (ecosystems, infrastructure) and by the 
institutions that link agents and systems. Those individuals and groups 
who are socially or economically marginalized — due to income, gender, 
age, class, caste, religion, or ethnicity, for example — have less access to 
the ameliorating services provided by urban systems and are likely to be 

more vulnerable to similar climate impacts. As noted below, institutions 
have a role in creating many of these marginalizing factors.

Many agents are, in essence, primarily the consumers of services 
produced by urban systems — they depend on urban systems and 
demand products, but are not proactively involved in the creation, 
management, or operation of those systems. Other agents are directly 
concerned with critical urban systems. In the case of water supply, 
for example, these might include the municipal utility, key regulatory 
agencies, private water market suppliers, and civil society organizations 
involved in water related advocacy or other activities. The resilience of 
urban areas depends on the capacities of agents as autonomous decision 

the key capacities of resilient agents summarized: 

resPonsiveness capacity 

to  organize and re-organize 

in an opportune fashion; 

ability to establish function, 

structure, and basic order 

in a timely manner both in 

advance of and immediately 

following a disruptive event 

or organizational failure. 

resourcefulness capacity 

to identify and anticipate 

problems; establish priorities,  

and mobilize resources for 

action. this includes the 

capacity to visualize and plan, 

which may require collaboration. 

it also includes the ability to 

access financial and other 

resources, including those of 

other agents and systems. 

caPaciTy To learn 

ability to internalize past 

experiences, avoid repeated 

failures, and innovate to 

improve performance.
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makers and as organizations linked to system operations. Discussion in 
this chapter focuses on agents associated with critical urban systems. 

Key capacities that contribute to agent resilience and adaptation include 
the capacity to organize and re-organize in response to threat or disrup-
tion, the capacity to visualize and act, and the capacity to learn (see, for 
example Diduck 2010; Gunderson and Holling 2002; O’Brien, Hayward 
et al. 2009; Tanner, Mitchell et al. 2009; Wilbanks and Kates 2010). 
They also involve the resourcefulness of agents, including their access to 
and their ability to mobilize financial and other resources. 

It is apparent that all these capacities are tied to typical human behaviors 
at the level of the individual, household, or organization. In cities, 
however, these capacities are challenged at any scale by the complexity of 
interactions and interdependencies, by the volume and detail of informa-
tion that goes into decision making, and by the potential magnitude and 
variety of resources that are available to agents to support their actions. 
The ability of individuals and households to undertake meaningful and 
effective independent actions to build resilience is still significant, but 
in an urban context, independent actions that are structured through 
collective mechanisms become more important (e.g. markets, voluntary 
organizations). These can be challenging to manage and enable effective-
ly. For example, self-organizing mechanisms for service provision can 
emerge in cities through the independent actions of many agents, such 
as private water markets. Such self-organized responses are typically 
important for resilience because of their flexibility and diversity, but 
may need management or support from enabling institutions (e.g. to 
assure water quality). These interventions must recognize the strategic 
behavior of participating actors and take care not to weaken precisely 
those characteristics that contribute to resilience in the first place (e.g., 
through unnecessary regulation or entry restrictions). 

Where the capacities of individual and household level agents become 
a crucial factor is in the case of marginalized groups. These agents are 
constrained by lack of resources in terms of personal assets that can be 
readily converted to allow them to respond or shift response strategies 
to either anticipated climate events or unexpected disasters. Such assets 
include cash income as well as other assets that can be substituted for 
cash in critical situations: convertible capital assets (livestock, jewelry), 
credit, social networks, etc. These marginalized groups may also lack 
access to the critical systems introduced above, further constraining 
their resourcefulness. They may lack safe drinking water or access to 
communications networks, transportation services, or financial services. 
They may lack rights to productive ecosystems (farmland, fishing, 
harvesting forest products). They may be isolated by ethnicity, caste, or 
religion from access to mainstream support services and prevented from 
setting up strong social networks for collaboration and advocacy. While 
it is also possible to find marginalized organizations with analogous 
constraints that will limit their resilience, individuals and households 
are particularly vulnerable because of these constraints on their ability 
to access resources. Typically, institutional structures reinforce margin-
alization (see discussion below).

High capacity agents have the ability to anticipate and to take action in 
order to adjust to external changes and stresses. Organizations have the 
authority and mandate to take action, as well as the financing to do so. 
Agents’ ability to act is facilitated by adequate resources and by access to 
supporting systems, including the ability to access resources provided by 
other agents. Agents develop this capacity through experience, gradually 
acquiring a repertoire of responses to stresses and shocks. The awareness 
of hazards, the ability to learn new responses, and the ability to acquire 
information needed to assess hazards and outcomes are all therefore 
important elements in strengthening the capacity of agents. 
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The agency model

If the resilience of agents can be largely considered in terms of the 
capacities described above, it sometimes helps practitioners to think 
more concretely about what these capacities look like and how they can 
be augmented if they consider specific examples of agent behavior. To 
help identify key agents associated with urban systems as we describe 
them above, and the kinds of behaviors that could be linked to these 
resilience capacities, analysts can refer to cultural theory. This body of 
social theory recognizes the manner in which forms of organization 
translate into roles and the behavior of organizations within society 
(Douglas 1987; Robinson, Hewitt et al. 2000; Thompson, 2008; 
Thompson, Ellis et al. 1990; Verweij and Thompson 2006).

The most fundamental distinction is between hierarchical (typically large 
government or corporate) organizations, individualistic market actors 
(businesses, households, and individuals), and identity-bound (typically 
interest, community, and cultural groupings) forms of organization. Each 
of these groupings has spheres of activity and forms of social engage-
ment that reflect underlying organizational logic. Government entities, 
for example, tend to have independent sources of financing (taxes), a 
primary accountability to higher levels of government and political 
leadership, and a narrowly defined organizational mandate. As a result, 
they tend to focus on service delivery, planning, and regulation. Their 
over-riding concern is with control (internal and/or external). Market 
actors, in contrast, survive through the sale of goods and services and, 
for this reason, exist in a competitive sphere where the primary focus 

© AAS
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is on opportunity. Finally, identity-bound organizations survive by 
mobilizing social commitment to that identity. As a result, they tend 
to play a major role by voicing the concerns of their membership and 
advocating solutions. Lacking the ability to tax their members or sell 
products, they do not have the financial resources required to implement 
large-scale activities or develop innovative products themselves. They 
do, however, play key organizational and political roles and advocate for 
other actors to meet their needs.

By recognizing the logic underpinning different forms of organization, 
this agency model helps to clarify the types of actions each form of 
organization may reasonably be expected to take, as climate and other 
conditions affecting urban areas change. Identity groups can be expected 
to advocate for relief or support in response to climate change’s impacts 
on people and communities. Market actors will jump into new niches 
where climate conditions create customers for the products they make 
or can envision (e.g., air conditioner sales). They will also enter niches 
governments have been unable to fill. In a similar manner, city govern-
ment hierarchies will respond to the social and political pressure for 
the products or services that the private sector is unable or unwilling to 
provide, or where equity, ideological, or political considerations provide 
incentives for a government role in service provision. In many cases, the 
public and private sector are both involved in and either collaborating or 
competing for the delivery of key services. The dynamic pressures and 
opportunities that emerge and catalyze action between different forms 
of organization represent the basis for autonomous adaptation processes. 

In addition to improving the understanding of urban dynamics under 
changing conditions, the agency model locates proposed responses (in 
this case projects aimed at fostering resilience) in a social and politi-
cal economy context, making it possible to explore each response’s 
likely success given particular social conditions; to posit who will drive 
the response and who will benefit; and to identify alternative and 

FIGURE 2.4  | Agents Diagram

The way people organize influences how they see the world and the types  

of actions they can take. Identity groups (communities, civil society 

organizations, etc.) often advocate for change; market actors (individuals, 

businesses, households) produce goods and sell services; government entities 

produce public goods and regulate. These functional characteristics determine 

who can do what (and why they might) to build resilience.
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complementary arrangements or response strategies. The accompany-
ing graphic illustrates the relationships. The agency model also helps 
to identify what kinds of actions different groups are likely to take in 
order to better specify the capacities and tools they need to increase 
resilience. On a very practical level, practitioners can use the agency 
model to identify who might actually have an incentive to do what to 
build resiliency and why they might do it. For example, private business 
enterprises and households are most likely to be interested in market 
opportunities and in reducing their own risk exposure to climate impacts. 
Cultural and social organizations may be concerned about members’ 
vulnerability to flooding or storms and therefore advocate for special 
responses (e.g., the Da Nang Women’s Union has proposed to fund 
Storm Resistant Housing for low income households using innovative 
credit tools). Agents are motivated by the structural incentives inherent 
in different forms of organization and by the interaction between differ-
ent forms of organization. As a result, the tripartite categories are useful 
for designing interventions and understanding motivations. 

The categories are also a reminder for identifying different types of 
agents who might get ignored or lost in a typical planning process. If, 
for example, private sector organizations operating in informal water 
markets play a major role in urban supply (as they do in the ACCCRN 
city of Indore and in most other Indian cities), both the organizations 
and the water system infrastructure they operate (wells and tankers) 
need to be central features in the resilience planning process. 

Overall, the agency model helps provide a systematic basis for identify-
ing: 1) how different classes of agents relate to different systems (who, 
what, where, and why); 2) what categories of agents may be missing 
in an analysis; and 3) which groups of agents may be disempowered, 
lacking in capacities, or otherwise marginalized. 

building capacity through interaction among agents 

As the agents diagram (Figure 2.4) indicates, different types of agents 
play different roles in relation to critical systems within the urban 
environment. Hierarchical government entities are generally the 
primary organizations directly in charge of planning and regulation, 
and often of the operation, maintenance, and management of many core 
systems. These functions often interface or overlap with the role of the 
private sector. The private sector tends to be heavily involved in systems 
where business models exist that enable agents to earn a return through 
innovation, management, and service provision. Identity groups play a 
particularly important role in articulating the demand for key services 
and as advocates to ensure other agents are aware of both urgent and 
emerging problems. The balance between these three forms of organiza-
tion is important to resilience. 

At a societal level within urban areas, each of the agent resilience capaci-
ties described above is an emergent property that depends heavily on 
both the characteristics of individual agents and the interaction among 
agents. The capacity to visualize, for example, depends on the ability 
of individual organizations to access and interpret information about 
conditions in the future. It may also depend on exposure to ideas or 
examples of how things could be done differently. Finally, it often 
depends on interaction with other forms of organization and the differ-
ent perspectives they bring regarding the nature of emerging problems, 
potential solutions, and emerging opportunities. All these are likely 
to be enhanced where different forms of organization are present in a 
relatively balanced manner within urban areas (Moench, Dixit et al. 
2003; Verweij and Thompson 2006). Similarly, the ability to act often 
depends on the mix of capacities the private sector and government 
bring to a problem, coupled with the societal support articulated through 
identity group actions. A similar situation applies to the ability to 
organize and reorganize and the ability to learn. In each of these cases, 
the balance of organizational forms brings opportunities for innovation 
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agenT 

characTerisTic
resPonsiveness

Performance 

DescriPTion

ability to organize, reorganize, and act; ability to establish function, 

structure, and basic order in a timely manner, both in advance of and 

immediately following a disruptive event or organizational failure. 

evidence of action in response to disruption or the threat of it.

examPles 

 (for WaTer suPPly)

Government entities respond rapidly to customer service disrup-

tions or larger disasters. they monitor system condition and devote 

required finances to maintenance (leak detection, supply sources). 

they monitor water resource conditions and respond to projected 

changes in supply, demand, or the behavior of other agents either 

directly or through regulatory and other incentive structures. 

market actors present and provide supply, management, and other services 

in response to demand and resource availability. they are able to quickly 

respond when disasters occur. identity groups proactively lobby govern-

ment and market actors to improve things that affect their members, 

like water quality, environmental protection, or supply availability.

oTher examPles Government, market, and civil society actors organize and 

respond rapidly to disasters and signals from other sources includ-

ing: 1) projections regarding the impacts of climate change 

as a whole or within sectors; and 2) changes in the needs of 

populations (implicit or poorly articulated demands). 

Changes in conditions catalyze action — e.g., if floods increase, 

government actors change zoning regulations, markets shift 

exposed regions to low vulnerability uses (agriculture versus 

housing), civil society advocates for flood plain protection. 

new forms of organization emerge in response to needs — such as the 

climate coordination offices established under aCCCrn in many cities.

from dialogue, contestation, and collaboration—
building capacities that, together, contribute to 
urban resilience.

Table 2.3 explains further how agent capaci-
ties can be operationalized and provides some 
examples of what urban resilience might look 
like from the perspective of agents. 

There are many ways to augment capacities of 
agents, some that involve only the indepen-
dent agents themselves and others that involve 
strengthening collaborative behaviors between 
agents. For example, new mechanisms such as 
shared learning dialogues (explored in more 
detail in chapter 4) can augment learning capaci-
ties for many agents. While the specific potential 
for building agent capacities and the mechanisms 
for doing so will vary between cities depending 
on cultural, spatial, and economic contexts, a key 
factor that structures agent capacities and their 
impact on systems is the role of institutions. We 
address this element next. 

insTiTuTions

The concept of institutions in social sciences 
refers to the rules or conventions that constrain 
human behavior and exchange in social and 
economic transactions. Institutions are created 
to reduce uncertainty, to maintain continuity of 
social patterns and social order, and to stabilize 
forms of human interaction in more predictable 

table 2.3 | characteristics of agents that foster resilient systems
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resourcefulness caPaciTy To learn

Capacity to identify and anticipate problems, establish priorities, and 

mobilize resources for action. this includes the ability to access financial  

and other resources, including those of other agents and systems.

ability to internalize past experiences, avoid 

repeated failures and innovate to improve

Government actors build planning, technical, and other capabili-

ties for water management. they mobilize government financial and 

technical resources and deploy them in response to water problems. 

they proactively work with other actors both within and outside 

government to address issues that cross sectors or scales. 

market actors identify potential market opportunities in underserved 

areas. they provide a steady stream of innovative water technologies 

and services to meet emerging needs. identity groups build membership 

and mobilize political support to voice and address emerging issues.

Government actors: the experience of prior droughts, floods or 

extreme storm events is incorporated in planning and implementa-

tion activities. Water supply projections and scenarios are routinely 

included in planning. Plans are revisited regularly and refined based 

on emerging information. Systems are in place to ensure required 

information is collected, analyzed, and made available. 

market actors: Prior failures and emerging demands lead to design 

changes in water supply services and technologies, including 

environmental management. identity groups: civil society organiza-

tions regularly access water resource information and have the 

capacity to analyze it and use it as a basis for advocacy.

individuals and organizations have the ability to communicate and 

access social networks for information, finances, and capacities. 

they mobilize the finances required to shift livelihoods or change 

the design of structures as climate conditions make existing ones 

unviable. they convert existing assets to new uses — in coastal 

areas, for example, farms might be converted to fish farms.

Urban planning is effective and is based on long-term scenarios regarding 

the potential implications of climate change. Plans are regularly updated 

with involvement from a broad spectrum of actors in government, the 

private sector, and identity groups. academic research is supported and 

is evaluated in planning decisions. Organizations exist that have a basic 

mandate to provide high-quality information on an on-going basis to all 

actors. Groups are not marginalized in ways that inhibit their ability to learn.
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national, and global scales. The ways that markets work — what can be 
traded, what is valued, what kind of information is available to buyers 
and sellers, etc. — help shape the dynamism, economic potential, and 
innovation of cities. Rights of organization and standing determine the 
array and balance of actors present and their relationship to key systems. 
Urban areas that depend on upstream sources of water supply may, for 
example, lack the authority to have any say in how those upstream sources 
are managed. Similarly, poor communities residing in exposed flood 
plains often lack the official registration or tenure required to formally 
engage with government for flood control or compensation purposes. 
In some regions, institutional frameworks enable local communities 
to create collective organizations with the authority to charge taxes 
or fees to members to achieve specific objectives (such as delivering 
water, regulating a groundwater reservoir, or supporting a local disaster 
response unit). In other regions, such institutional frameworks do not 
exist. Other forms of institutions also play major roles in shaping urban 
systems. Codes and professional standards, for example, play a heavy 
role in guiding design decisions for virtually all urban infrastructure 
systems and can have important consequences for urban areas. As the 
Global Report on Human Settlements points out, “in terms of urban 
planning, failure to adjust zoning and building codes and standards with 
an eye to the future may limit the prospects of infrastructure adaptation 
and place lives and assets at risk” (UN-HABITAT 2011).

Institutions are central to the Urban Climate Resilience Planning 
Framework because they condition the interactions of the agents in 
the system. Institutions of property, of social inclusion or marginal-
ization, and of social welfare influence the vulnerability of particular 
communities, as do institutions that govern rights of organization, the 
legal or informally recognized “standing” to engage (i.e., who is seen 
as a legitimate “stakeholder”), and the standards to which systems are 
designed and managed (as with building and engineering codes). Access 
to key systems, resources, services, utilities, and opportunities in cities 

ways. Institutions in social science are the target of much analysis in 
economics and political science (see, in particular, North 1990 and 
Ostrom 1990 — both Nobel prize winners for their work).

The word “institutions” also is sometimes used in everyday speech 
to refer to organizations structured to focus on a particular purpose 
(e.g., financial institutions, educational institutions). This leads to some 
confusion. In this text, we use “institutions” to mean the rules of the 
game, or the mechanisms to enforce those rules, while organizations, 
groups, and individuals are the players.

The institutional characteristics that contribute to resilience and adaptive 
capacity in urban areas are poorly understood. What is clear, however, 
is that institutional relationships are central factors that influence the 
resilience of systems and agents in many ways. Whether or not systems 
can be managed or shaped in a flexible manner as conditions change, 
whether or not groups of agents can organize in innovative ways that 
respond to needs as they emerge, how societies respond both during and 
after extreme events — all these are shaped by institutions. Similarly, 
the balance between agents — individualist (market), identity group 
(advocacy, NGO, etc.), and hierarchical (government) — depends 
heavily on institutions. Whether or not that balance encourages diversi-
ty, innovation, responsiveness, and flexibility or contributes to rigidity 
will have major implications for the resilience and adaptive capacity of 
urban areas.

In cities, three key institutions that shape urban systems are land tenure, 
markets, and rights of organization and standing. Land tenure is the 
system by which predictable rights over the use of land are defined, 
formalized, valued, transferred, or exchanged, which can lead to changes 
in ownership, land use, or to the construction of structures, industrial 
facilities, or infrastructure on the land. Markets for land, goods, services, 
and labor are, in most cities, closely linked from the local to the regional, 
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of the developing world is contingent on whether these are provided as 
subsidized services or on a market basis. 

The role of institutions is particularly important in strengthening 
adaptive capacities of agents. What are the expectations and norms 
surrounding disaster management, for example? Do state organizations 
provide first response, or are local organizations equipped and trained 
to do so?  While disaster response is undertaken by organizations, 
the training, skills transfer, financing, and self-reproducing aspects of 
community-based disaster risk management are all based on institutions 
of decentralization, shared norms, and collective responsibility for local 
emergency response. As another example, the migration of farm laborers 
in times of drought depends on institutional structures that organize 
the labor market, through processes of communication, recruitment, 
transport, and remittances. Those institutions facilitate labor migration 
as an adaptive response.

Institutional reforms can play a big role in resilience. For example, 
planning decisions such as slum clearance and resettlement may increase 
or decrease climate vulnerability depending on the institutions govern-
ing rights, compensation, participatory planning and decision making 
associated with the resettlement process. With inadequate consulta-
tion or participation, minimal rights, and only token compensation, 
resettlement could increase impoverishment and vulnerability, but under 
different institutional conditions, the outcomes could be significantly 
different. 

Similarly, market-oriented innovations to increase resilience may run up 
against institutional barriers. Innovative building techniques often exist 
that would respond to changes in climate and would be popular with 
consumers. Market actors, however, are often constrained in their ability 
to deploy such techniques due to codes, insurance regulations, planning 
conventions, and professional standards. This has, for example, been a 

major factor limiting the spread of straw-bale construction in the United 
States, a “climate-friendly” building technique for residential housing. 

Social marginalization — the process whereby some social groups are 
excluded either formally or informally from access to critical urban 
services — is also a function of institutions. An example of an institu-
tion that fosters marginalization is the requirement for legal registration 
of residence, which can make it impossible for migrants to gain access to 
social benefits or to government compensation for climate hazards such 
as flood damage. Social norms that view women as unsuited for formal 
responsibilities (such as political office, property ownership, voting in 
public meetings) are also institutions that foster marginalization and 
increase women’s vulnerability. This is also often the case with ethnic 
or caste distinctions.

From studies of economic behavior, collective action, social margin-
alization, and decision making, the key aspects of institutions linking 
agents and systems that need to be considered in assessing whether they 
enhance or constrain resilience appear to be those outlined below. The 
key issues are summarized, and then explained in further detail with 
examples:

rights and entitlements

Institutions that differentially constrain rights and entitlements (i.e., 
the practical and operational abilities of agents, as individuals or groups, 
to organize, to exercise control over assets [tenure], and to access to 
systems or services) for different groups may increase the vulnerabil-
ity of groups that are disadvantaged, and thus constrain resilience. 
Examples of institutions that can limit rights and entitlements, either 
legally or through custom and practice, include the village panchayat 
in India, the concept of the extended family as a core socioeconomic 
unit, as well as structures such as the quasi-governmental “districts” 
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that manage many systems and deliver services in the United States 
(Thomson 2000). 

Decision-making processes

Decision-making processes that are transparent, accountable, 
representative, and fair enhance resilience. This is particularly true 
with respect to the decision-making processes that govern urban 
systems management and agent access to those systems. It also 
includes recognition of the right of different groups to engage as 
legitimate participants in decision-making processes. Dispute resolu-
tion mechanisms should also exist to manage inevitable conflicts 
through a process that all parties consider fair.

information flows

Key information for planning, making judgments about risk and 
vulnerability, and for assessing adaptation options enhances resilience 
when it is available to agents who have to make these decisions (includ-
ing households). In the absence of reliable or sufficient information, 
or if information is available to some groups but not others, vulner-
ability will increase.

Processes for learning and change

Institutions that facilitate, rather than hinder, the generation, 
exchange, and application of new knowledge enhance resilience. 
Many institutions (such as building or other professional codes) 
are designed to resist change — to preserve and maintain existing 
structures, authority, social conventions, and ways of doing things. 
Current practices are generally less risky because they are known to 
work, but resilience requires innovation in order to reduce risk in the 
face of change.

Rights and entitlements come in many forms, from tenure rights over 
land and habitation to rights to access water, and even to cultural norms 

of reciprocity that constrain actions and to the right to organize in 
different ways and have that recognized as “legitimate.” The state often 
universally assures certain kinds of basic rights, such as rights to protec-
tion and security, education, and voting rights, or access to drinking 
water. However, in some contexts even these rights may not be available 
equally to all. And other rights, such as rights of social organization, 
land tenure and rights of occupancy, and access to health care or food, 
may be limited or depend on socioeconomic privileges or ability to pay. 

Consistently differentiated rights or access to services between differ-
ent identifiable social groups creates marginalization. All societies have 
some forms of marginalization (especially in relation to income and 
social status). The question for determining relative levels of climate 
resilience or vulnerability is whether socially marginal groups are at 
higher risk to climate impacts, for example due to inadequate shelter, 
inability to access credit, inability to obtain official registration or land 
title due mainly to their ethnic, gender, or social status. In general, 
marginalized groups lack access to critical urban systems or capacities 
that therefore render them more vulnerable. They may lack legal land 
tenure that would enable them to claim a connection to the public water 
distribution system or the electrical grid, for example. This would then 
tend to put them at greater risk — especially as a result of extreme 
climate events — for water quality problems or interruptions to energy 
supplies. Institutional solutions would be to ensure that legal access to 
critical services does not discriminate by social or gender conditions, and 
that economic barriers to access can be countered by special subsidies or 
support programs (such as lifeline rates for water or electricity service).

An important right that can enhance resilience is that of groups to 
self-organize in order to respond to climate hazards (e.g., to improve 
local drainage, or to deliver disaster preparedness training). The ability 
of self-organizing groups to assess fees or levies on members in order 
to undertake investments in service delivery, maintenance, or resilience 
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investments may be constrained by institutional limitations or by limits 
on the organization of civil society.

Decision-making rules and procedures are crucial institutional features 
that affect how agents and systems interact. What are the decision-
making mechanisms in key organizations dealing with urban systems? 
Key criteria include transparency, representation, accountability, and 
fairness. Those agents most affected by decisions (e.g., infrastructure 
design or location, urban land development, public health services, etc.) 
should be able to see how the decision was made and that the process 
followed the norms of formal or customary legality. They should be 
able to have their interests represented in the decision-making process. 
Mechanisms for holding decision makers accountable ensure that all 
participants recognize the process as legitimate. Institutions like the 
judiciary are set up to deal with many of these issues. The absence of 
these mechanisms will lead to intensified conflicts, more exclusions, and 
the likely result that those excluded from access to resources and assets 
will have increased vulnerability to climate impacts.

Institutions such as the judiciary, or customary law, serve important roles 
in ensuring accountability and fairness in decision processes. But not all 
urban residents have access to, or can work with these institutions. In 
many cases, representation of interests in decision making is one-sided, 
leading to asymmetrical benefits and even further impoverishment of 
disadvantaged groups. In the absence of institutions that foster account-
ability, these groups become more vulnerable.

Agents need access to information in order to make informed decisions 
and take actions themselves. But information access is often constrained, 
either for strategic reasons (e.g., to give an advantage to certain actors) or 
due to inattention and lack of effective mechanisms for sharing informa-
tion with agents who need it. As discussed in chapter 3, for example, 
governments often restrict the use of emerging scientific information on © Aniessa Delima Sari, BINTARI Foundation
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climate change due to a variety of technical and political considerations. 
In addition, even when information is available, agents often have 
limited ability to understand and use it effectively. This is particularly 
the case with technical information, such as that on climate change, 
where uncertainties about future conditions are as important “data” as 
specific projected conditions. Thus, effective mechanisms for communi-
cating such information to agents and translating it into formats they 
understand are an important aspect of “access.”

Resilience increases as agents’ capacity for learning increases, as described 
above. But institutional structures that foster learning and change are 
important tools to assist in the achievement of this capacity. Many 
institutional structures are designed to preserve the status quo rather 
than to facilitate change. This is sensible when risks of failure are high 
and current practices are known to work. For example, poor farmers 
are often decried as “backwards” because they are reluctant to adopt 
innovative practices. This is a sensible strategy, however, when failure 
of an unfamiliar crop or farming practice would mean that your family 

goes hungry. To overcome this risk aversion would require institutions to 
transfer knowledge and backstop risks (e.g., farmer-to-farmer extension 
and coaching practices, insurance programs). 

Similarly, in an urban context, public and private support for applied 
research, for publication and presentation of new evidence, and for 
facilitating critical assessment of new knowledge and its implications 
all foster resilience by speeding the introduction of effective innovation. 
Processes that test and evaluate new low-cost storm- or disaster-proof 
housing construction techniques, and that then speed modifications to 
building codes or standards if they are proven effective are one example 
of such innovation. In the absence of these types of institutions, profes-
sional norms and legislated codes or standards typically act as barriers 
to innovative practices. Institutions capable of fostering evolutionary 
change, and of adapting to new information themselves, should be 
encouraged.3 

Table 2.4 provides illustrative examples from the water sector, but 
analysis of other critical systems would follow analogous lines. Because 
the range of potentially relevant institutions is often large, analysis should 
focus strategically on: 1) institutions that are related to critical or fragile 
systems and the role of different agencies in developing, managing, or 
operating those systems; 2) rights of access to the services from these 
systems and decision processes for their management; 3) frameworks for 
dispute resolution that specifically respond to the nature of the system 
and the nature of agents, 4) information needed by decision-making 
agents (managers and users) in order to adapt to changing climate 
hazards; and 5) the processes and incentives to generate and use new 
knowledge to improve the effectiveness of other institutions and of 
system-agent interactions. 

Stepping back to view institutions in the larger perspective of urban 
resilience to climate change, urban vulnerability is high where systems 

 
Urban vulnerability is high where systems are 
fragile, agents are marginalized, institutions 
confine rather than enable responses, and 
exposure to climate change is high. The institu-
tional factors that contribute to resilience are 
those that ensure that underlying systems 
are resilient, that agents have access to the 
benefits from systems, and that agents are 
both enabled and guided so that actions that 
may be rational at an individual or organiza-
tional level.
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insTiTuTional 
characTerisiTcs

righTs anD enTiTlemenTs

Performance 

DescriPTion
Structures of rights and entitlements do not systemati-

cally exclude specific groups from access to critical 

systems or capacities. they enable groups to form 

and act, and foster access to basic resources.

examPles  

(for WaTer suPPly)
Water supply systems and investments are intended 

to make potable water widely available to all 

social groups in the city. lifeline tariff structures 

ensure it is affordable even to the poor.

Community groups may also have the authority to 

establish water management organizations and, 

in coordination with other actors, raise funds and 

implement management activities. they also have 

the right to access information and the standing 

to engage in water management debates. 

Private sector organizations have clarity regard-

ing ownership of water related assets, the right of 

access to information, and standing to participate 

with other agents in water related initiatives.

oTher  

examPles 
Standardized structures and processes that enable 

groups to form organizations (public sector, 

private sector, community, etc.), raise funds and 

undertake activities in relation to emerging needs. 

the “district” model of the U.S. is an example.

are fragile, agents are marginalized, institutions confine rather than 
enable responses, and exposure to climate change is high. The institu-
tional factors that contribute to resilience, then, are those that ensure 
that underlying systems are resilient, that agents have access to the 
benefits from systems, and that agents are both enabled (so that they 
can shift strategies and build system resilience) and guided so that 
actions that may be rational at an individual or organizational level. This 
includes ensuring that specific actions or interventions are not maladap-
tive and do not undermine the resilience of systems or marginalize 
other agents. As a result, analyzing institutions for their contributions 
to resilience should focus on how they affect the specific characteristics 
of systems and agents that have already been identified as contributing 
to resilience and adaptive capacity. These include in the case of urban 
systems: flexibility and diversity, redundancy and modularity, and safe 
failure; and in the case of agents: responsiveness, resourcefulness, and 
the ability to learn. Rights and entitlements, decision-making processes, 
access to and the ability to use information, and processes for learning 
and change are core institutional factors that, in most contexts, will 
influence relationships among agents and the ability of agents to act and 
manage or change systems.

table 2.4 | characteristics of institutions that foster resilience
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Decision maKing informaTion Processes for learning anD change

Decision-making processes related to 

key urban systems are transparent, 

representative, and accountable. 

Diverse stakeholders have a way to 

provide input to decisions. Dispute resolu-

tion processes are accessible and fair.

agents have access to relevant information 

in order to determine effective actions and 

to make strategic choices for adaptation.

institutions encourage inquiry, applica-

tion of evidence, critical assessment, 

and application of new knowledge.

Water allocation process follows 

clear rules and procedures. 

Water supply and distribution investments 

reflect the interests of all urban residents. 

Water supply company or public utility is account-

able to legitimate government agencies and 

can be sanctioned for unjustified actions. 

Formal or informal systems are in place to 

mediate water related disputes as they emerge. 

this includes disputes between agencies of the 

government, between the government and the 

private sector and between individual users. 

because water issues often involve highly technical 

issues, some regions have established special-

ized “water courts” or mediation mechanisms.

Government agencies have access to and the 

authority to use current global scientific informa-

tion in planning water supply. basic standards 

regarding water delivery norms (quantity, 

quality, reliability, affordability) are set. 

Standards are also set with respect to the protection 

and maintenance of the environmental systems that 

deliver water services. basic principles regarding 

the right to organize and the rights of different 

groups to water and to engage in the inevitably 

political debates over water management are clear.

Water utility or government works with university to 

support applied research into groundwater recharge, 

or salinization rates, and impacts on water supply.

they have the authority to work with civil society 

and the private sector to develop and test innova-

tive approaches to managing water resources 

to ensure sustainability under changing climate 

conditions. Costs of alternative supply options 

(reservoirs, pipelines, demand management) 

are widely shared and publicly discussed.

mechanisms for providing public input to decisions 

(hearings, meetings, local consultations).

Specialized structures are in place for transparent 

resolution of disputes in relation to key systems and 

the agents that have an interest in their management.

basic principles regarding access to public systems. 

Standards in many arenas (environmental protection, 

construction, etc.). norms on freedom of information.

recurrent processes that allow changes in codes 

and regulations as climate conditions change.
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The inTegraTeD frameWorK

 

inStitUtiOnS

 

the rules and social conven-

tions that guide interactions 

of agents with each other 

and access to systems. 

figURe 2.5 | core elements of the ucrPf

 

aGentS

 

the capacities of agents 

(individuals, households, 

communities, businesses, 

government organizations, 

nGOs, etc.) that help them 

adjust as conditions change, 

along with the agency model 

that explains the motiva-

tions of different groups.

 

SYStemS

 

Systems are the founda-

tions that enable people to 

adjust as conditions change. 

Characteristics of systems make 

them resilient and accessible. 

exPOSUre  
tO Climate CHanGe

v

 

exposure to climate change 

encompasses the direct, indirect, 

and incremental pathways 

through which systems and 

agents are exposed to impacts 

from climate change. 

 

 

 

 

 

*this icon is also used to signify 

climate change throughout this report
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various sea level rise or hydrology scenarios; causal chain analysis of 
systems failure; gender analysis of vulnerability to specific threats, etc.).

The diagnosis that results from exploring vulnerability in this way from 
multiple perspectives can then be translated into a practical basis for 
action by linking it with a strategic planning process in order to identify 
specific measures that build resilience. This process is illustrated in the 
right loop of Figure 2.7. Bringing together the analysis of vulnerability 
with a strategic process for building resilience results in an integrated 
framework for urban climate change resilience planning. As the diagram 
illustrates, this process is iterative: it consists of an initial cycle of analysis 
focused on systems, agents, institutions, and exposure, which contrib-
utes first to shared learning and then feeds into a cycle of resilience 
planning and implementation. Results from this cycle of planning and 
intervention then provide a basis for subsequent cycles of shared learning 
in which understandings of vulnerability and resilience improve and are 
fed into planning and implementation. 

A key element of the Urban Climate Resilience Planning Framework 
(UCRPF) is that diagnostic and intervention cycles are linked and 
driven through processes of shared learning. Shared learning dialogues, 
developed through ISET’s experience over a number of years, primarily 
in South Asia, are key tools for building understanding of new and 
complex information (such as climate change), and for sharing diverse 
perspectives on relevant information in order to reach strategic decisions. 
Arup has employed similar approaches to working with groups of cities 
through a series of multi-stakeholder participatory workshops informed 
by analytical inputs. In the context of the framework, these processes are 
critical to build engagement and commitment among diverse stakeholders 
in multiple sectors, from different technical disciplines, and to combine 
scientific and technical knowledge with local experience. Shared learning 
processes, as with the other processes in the framework, are intended to 
be iterative. Diverse groups of stakeholders meet repeatedly to share and 

The resilience of systems depends on their flexibility, diversity, 
redundancy, modularity, and safe failure characteristics. Similarly, the 
ability of agents to respond and adapt depends on their responsiveness, 
resourcefulness (including the ability to access resources), and capacity 
to learn. These factors are summarized in Figure 2.6. 

Diagnosing vulnerabilities and identifying points of entry for building 
resilience requires an understanding of the relationships between urban 
systems and agents as mediated by institutions, along with the manner 
in which these are exposed to climate change. The diagnostic process 
is illustrated in the left loop of the Integrated Framework for Urban 
Climate Resilience Planning diagram (Figure 2.7). It requires an iterative 
shared learning process in which the characteristics of systems, agents, 
and institutions are integrated to develop a conceptually grounded but 
practical set of insights. Ideally, this would be composed of systematic 
analyses that focus on each of the core components (critical systems, 
agents, institutions, and climate exposure) and on the factors that are 
identified in the previous sections of this chapter as contributing to 
resilience. 

The emphasis in this analysis should not be on comprehensiveness but 
on relevance. Which systems are most fragile and why? What agents 
and organizations are directly linked to these systems? Which agents are 
most vulnerable or marginalized? What are the institutions supporting 
or constraining the actions of agents in vulnerable systems or marginal-
ized social situations? The framework serves as a guide to the factors 
that should be integrated into the analysis. However, it is not a directive 
analytical tool: it does not specify the exact nature of these relationships, 
which vary in every case. Nor does it specify the type of analysis that 
should be done. By understanding the logic of the exercise, practitioners 
can apply analytical tools with which they are already familiar (e.g., 
geographic information systems to analyze flood plain inundation under 
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assess information addressing climate impacts, systems fragility, agent 
capacities, and institutional weaknesses. The goal is to develop consen-
sus about priority interventions for effective ways to build resilience. 
The experience of applying shared learning dialogues in ACCCRN is 
discussed more fully in chapter 4 of this publication.

The other chapters in this volume present more detailed information 
on vulnerability assessment and resilience planning practices as applied 
in the ACCCRN program. They demonstrate how, in each of the 
ACCCRN cities, multi-stakeholder groups worked together to share 
existing knowledge and to develop new information through vulner-
ability assessments, sector studies, pilot interventions, and resilience 
planning. The process of implementing resilience interventions in 
ACCCRN is just getting underway in mid-2011, but is intended to be 
iterative, as shown in the framework diagram. It will feed back to revised 
assessments of vulnerability and to shared learning on the effectiveness 
of early interventions in order to design and develop new ones.

In sum, the UCRPF advances understanding of what resilience means in 
an urban context. This responds to an important gap in global discourse 
on climate change, in which the term resilience is increasingly used to 

imply a strategic approach for responding to climate change impacts, but 
is not defined in a practical or operational sense. We believe this new 
framework offers a practical alternative to a linear “predict and prevent” 
strategy that is burdened in most cases by weak data and scientific 
uncertainty. The UCRPF advances both conceptual clarity and applied 
understanding of resilience in an urban context by examining urban 
vulnerability through the lenses of systems, agents, and institutions, 
offering specific points of entry for building resilience that a wide range 
of local organizations can easily incorporate in their work.

In addition, the UCRPF recognizes that resilient outcomes depend on 
ongoing processes. Resilience cannot be achieved through a one-time 
linear approach based on prediction and prevention of specific impacts. 
Instead resilient outcomes are the product of ongoing processes that 
build capacities and strengthen knowledge through shared learning. 
Resilient outcomes will ultimately only be achieved through processes 
that progressively strengthen urban systems, institutions, and agent 
capacities. 

The framework points to a diagnostic process that integrates vulnerabil-
ity assessment and shared learning to build engagement and capacity. 
Diagnoses of vulnerability lead to the identification of specific interven-
tions to address the fragility of systems, the capacity of agents and the 
weaknesses of key institutions. Cycles of planning and implementation 
built around mechanisms for monitoring and shared learning ensure 
broad access to information for multiple agents and build their capacity 
for independent action. Investments in studies to gather knowledge on 
climate impacts, on key vulnerabilities, and on monitoring the effective-
ness of interventions all help foster evidence-based decision making and 
innovation. The application of the concepts and planning framework 
itself will build many of the capacities and institutional features that 
contribute to urban climate resilience.

A key element of the UCRPF is that diagnos-
tic and intervention cycles are linked and 
driven through processes of shared learning. 
SLDs are key tools for building understand-
ing of new and complex information and 
for sharing diverse perspectives on relevant  
information in order to reach strategic 
decisions.
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figURe 2.6   | system resilience and agent capacity
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FIGURE 2.7 | The Urban Climate Resilience Planning Framework
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1  John Holland, a leading researcher in the growing field has coined the 

following definition for them:

A Complex Adaptive System (CAS) is a dynamic network of 

many agents (which may represent cells, species, individu-

als, firms, nations) acting in parallel, constantly acting and 

reacting to what the other agents are doing. The control of 

a CAS tends to be highly dispersed and decentralized. If 

there is to be any coherent behavior in the system, it has to 

arise from competition and cooperation among the agents 

themselves. The overall behavior of the system is the result 

of a huge number of decisions made every moment by many 

individual agents (Waldrop, M. M. 1994). 

2  evaluating whether or not marginal groups are at higher risk to climate 

impacts is important to do on a case-by-case basis. While higher 

levels of risk are logically correlated with social marginality, this is not 

always the case. in earthquake areas, for example, wealthy populations 

may be at higher risk because they reside in fragile high-rise buildings 

constructed of brick and cement while more marginalized popula-

tions use traditional building materials such as grass, wood and mud. 

Similarly, in the climate case, relatively wealthy urban residents may 

be at more risk if they reside in beautiful (but exposed) coastal areas. 

Similarly, if global food systems are disrupted wealthy apartment 

dwellers may be more vulnerable than marginalized groups living in 

flood plains or peri-urban areas where some level of agriculture and 

local production is still possible.

3  For a discussion of self-adjusting or adaptive policies, using analogous 

processes, see Swanson and bhadwal 2009.

enDnoTes
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