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Abstract. Nowadays, despite the significant importance of ecosystems in providing services and
numerous natural products, transformation and degradation of these natural systems is dramatically
increasing due to different stresses caused by natural and anthropogenic factors. In order to avoid
degradation and achieve the conservation goal of ecosystems, reducing the effects of different stresses is
required through the application of appropriate planning. To do this, adequate and customizable
information concerning natural environment’s vulnerability in relation to a wide range of hazards is
needed. Vulnerability assessment through the identification of potential stresses (natural and
anthropogenic) as well as estimation of the degree of reduction or damage on ecosystems play an
important role in creating a quantitative and qualitative picture of the processes and outcomes related to
vulnerability. This paper aims to analyze the vulnerability assessment methodology in natural
environments and select the best approach by comparing approaches and assessing the benefits of their
applications. The results of this study revealed that among the main existing approaches for the study of
vulnerability (Risk-Hazard, Pressure and Realize, Political Economy/Political Ecology, Resilience and
Integrated approaches), Integrated approach can be considered the best one since it develops a rational
and effective relationship between the results of vulnerability analysis and decision-making process and
also presents suitable adapted options in order to adjust the devastating consequences on natural
environment and meet the challenges in vulnerability assessment and provide a detailed theoretical
conceptual model to identify the vulnerability of the natural environments.
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Introduction. Ecosystems have been supportive elements for the survival of human and
other forms of biological life on the earth planet and also are the origin of services
(provisioning services, regulating services, cultural services, and supporting services) and
natural products because of their wide range of ecological functions (Costanza et al 1997;
Duke et al 2007). Such functions play an important role in providing the welfare of
human in different levels (locally, regionally and globally) (Freeman 1995; Hanley et al
2003; WHO 2005; Eggert & Olsson 2009).

Despite such importance, changes and degradations in ecosystems’ structure and
function have been increasing dramatically in recent decades (WHO 2005; UNEP 2006;
MEA 2005; Barbier et al 2008). Change, transformation and degradation in natural
ecosystems are arise by various stresses caused by natural and anthropogenic factors
such as storm, landslide, movements of the earth's crust and release of its latent energy,
fire, epidemics, deforestation, erosion and sedimentation, deformation of landscape,
environmental pollutions, invasion of exotic species, drought and flood (Meyer 1996; Ong
Che 1999; Schaffelke et al 2005; Kathiresan & Rajendran 2005; Binelli et al 2007;
Castellanos Abella & Van Westen 2008). The direct impacts of such stresses on
ecosystems are 60% drop in ecosystems’ services, poverty growth and inequity in the
society (WHO 2005). In fact, people change the structure and management of
ecosystems in order to improve their health and welfare. Therefore, when people face
health and welfare problems, people’s dependence on ecosystems’ services increases and
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so because of this pressure, the capacity of ecosystems’ services to people decreases
(WHO 2005; Danielsen et al 2005; Kathiresan & Rajendran 2005; Dahdouh-Guebas et al
2005a, b).

Considering the consequences of mentioned natural factors and anthropogenic
impacts which are serious threats for ecosystems, mitigation of their impacts with the
help of suitable planning and mitigation tools is inevitable (Mahendra et al 2011). To
achieve this goal and provide a suitable situation for taking necessary actions in the place
of event, adequate and programmable information is needed to determine vulnerability of
natural environments toward a wide range of hazards (Cutter et al 2000). Hence,
vulnerability assessment through the recognition of potential stresses (natural or
anthropogenic) that natural systems are faced with and the estimation of reduction
degree or degradation of biophysical structures, human societies and ecological processes
caused by destructive events with specific intensity (Lahsen et al 2010; Mahendra et al
2011), plays an important role in creating a qualitative and quantitative image of
processes and results of vulnerability (Adger 2006). In fact, vulnerability assessment of
ecosystems is one the most important tools to achieve natural ecosystems conservation’s
goal and on the other hand, offer effective management and planning solutions to
minimize destructive impacts of stresses (Luers et al 2003) and determine appropriate
measures that can be taken to reduce vulnerability and cause sustainable use of land
before the potential for damage is realized. This paper aims to analyze the vulnerability
assessment methodology in natural environments and select the best approach by
comparing approaches and assessing the benefits of their applications.

Material and Method. The main objective of this study is to review literatures in the
field of vulnerability assessment and analyze its methodology by means of the study of
analytical approaches and results of studies done in this field. To do this, 189 peer-
reviews were investigated. Finally, after studying the weaknesses and strengths of
existing approaches in vulnerability assessment, the most effective approach to
determine vulnerability in natural environments was introduced.

Natural environments. Human presence on the land’s nature has gradually changed
many intact and untouched ecosystems and in some cases such ecosystems has become
transformed. Consequently, changes in structure, process and function of ecosystems
caused by human activities lead to, in addition to ecosystems, a new concept in the
literature of resources management and environment arise. Gradually, besides forest
ecosystem, forest environment was introduced. Forest environment is a forest ecosystem
that a part of its structure and function has changed due to human presence and their
management plans, but yet its general landscape is similar to forest ecosystem. In this
way, Sea environment, Coastal environment, Grassland environment, Mountains
environment, River environment, Desert environment and Wetland environment formed
in a way that each of them represents ecosystems that are affected by human. This set
that its structure has changed but has maintained the landscape of natural ecosystems
and has been managed by human, is called the natural environment (WHO 2005; UNEP
2006).

In fact, the natural environment includes ecosystems that are subject to change
(not transformation) due to human’s interferences. Thus, transformed environments with
new structures were born in a way that there are no equivalents in evolutionary nature
as a result of increasing interference and influence by human. Some of such
environments are urban environment, rural environment, agricultural environment and
industrial environment. Such artificial and anthropogenic environments have
anthropomorphic processes and functions and are distinguished by their own dominant
function and structure. This evolution of human’s behavior is like domestication of
ecosystems after domestication of plants and animals. While such interference brings
economic benefits, definitely causes vulnerability to ecosystems and land. It is clear that
ecosystems’ vulnerability change their structure and process in a way that there is no
high efficiency for humans’ economic goals. Therefore, identifying and providing
adequate and accurate information about natural environments’ vulnerability in relation
to a wide range of hazards and also reducing impacts of these hazards with the help of
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appropriate planning are the most effective solutions for protection and conservation of
transformed natural environments (Cutter et al 2000; Mahendra et al 2011).

The concept of vulnerability. The most fundamental definition for vulnerability is
derived from the Latin origin of “vulnerare” meaning “to wound”. Therefore, vulnerability
means the capacity to be wounded (Kates 1985) and is degree to which a system is likely
to experience harm due to exposure to a hazard (Turner et al 2003a). Vulnerability is a
concept used in many different fields (Adger 2006; Smit & Wandel 2006) but there is no
agreement on its definition. As a result, there are various definitions for it in different
scientific literature (Cutter 1996; Kelly & Adger 2000; McCarthy et al 2001; Downing et al
2001; O’Brien et al 2004; Brooks 2003; Smit & Wandel 2006; Adger 2006; Gallopin
2006; Kaplan et al 2009).

Generally, vulnerability is a developmental, multidimensional, cross-scale and
interdisciplinary concept that is full of interactions and complicated relationships.
According to the field of study, it is specifically used for social, ecological, natural,
biophysical subsystems or coupled socio-ecological system (Turner et al 2003a; O’Brien
et al 2004; Gallopin 2006; Cutter & Finch 2008; Kaplan et al 2009; Khan 2012; Menoni
et al 2012). Its development is significant in Natural Hazard and Risk Assessment (Hewitt
1983), Food Security (Sen 1981; Dreze & Sen 1990), National Security (Homer-Dixon &
Blitt 1998) and Environmental changes (Liverman 1990a; Kasperson et al 1995).
According to the existing definitions, vulnerability of any system (on any scale) is a
reflection of exposure, sensitivity to high risk situation, ability, capacity, resilience to
cope and adaptation or recovery from impacts related to mentioned situations (Blaikie et
al 1994; Bohle et al 1994; Timmerman 1981; Moser 1998; Downing et al 2001;
Kasperson & Kasperson 2001; McCarthy et al 2001; Turner et al 2003a, b; Smit &
Pilifosova 2003; Adger 2006; Fussel & Klein 2006).

According to Moser (1998), recognition of two parts of system: sensitivity and
resilience is required for any definition of vulnerability in which sensitivity means the
ability of system in response to stress impacts and also is a domain in which such ability
can be affected by the changes of stress factor. Assessment report of Intergovernmental
Panel on Climate Change (IPCC) includes the two mentioned parts of system and adds
the third part called the ability of adaptation. This includes a degree that a system is
sensitive to adverse impacts of stress factors such as variability and destructive events
caused by stress factors or is unable to cope with them. Accordingly, vulnerability is a
function of variability’s feature, size, and rate toward a system exposed to stress,
sensitivity and adaptation ability (IPCC 2001). In accordance with this definition,
vulnerability has an external dimension reflecting exposure to stress factor and a more
complicated internal dimension including sensitivity and adaptation of systems to the
stress factor (Figure 1) (Fussel & Klein 2006; IPCC 2007).

In describing of vulnerability space, Watts & Bohle (1993) use “risk of exposure to
hazards” as the external dimension while the internal dimension includes capacity (risk of
lack of enough capacity for preparing resources to cope with hazards) and potential
ability (risk of the existence of destructive consequences). Downing et al (2001)
determine three action areas of vulnerability including critical of the current situation,
adaptive capacity, and danger of stress factor. In this regard, Luers et al (2003) suggest
a method to measure vulnerability (for a specific system, output variable and the stress
factor) based on exposure, sensitivity, and adaptive capacity. Turner et al (2003a) also
expressed that in addition to exposure and sensitivity, resilience plays an important role
in determination of vulnerability. These researchers prepared an integrated conceptual
framework for vulnerability by means of three mentioned dimensions. Thus, vulnerability
is known as a reflection of sensitivity, exposure, and adaptive capacity in a way that a
range of biophysical and socio-economic factors influences these dimensions. Based on
the mentioned framework by Turner et al (2003a), Adger (2006) also revealed that
vulnerability is mostly a set of three parts of exposure to disturbances or external
stresses (external dimension), sensitivity to disturbances and adaptive capacity (internal
dimension) by investigating the source of change of vulnerability approach in natural and
social sciences.
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Figure 1. Relationship between vulnerability and its components (Australian Greenhouse
Office, 2005).

Sensitivity is a concept with different meanings. Adger (2006) defines sensitivity as a
range in which a natural or human system can absorb consequences without standing
long-term damages and other noticeable changes. Smith & Wandel (2006) expressed
that sensitivity concept is not apart from exposure concept and use these two concepts
together (sensitivity-exposure). Luers (2005) also integrates these two concepts and
defines sensitivity as a degree in which a system responds to external disturbances. In
this approach, sensitivity also includes system’s ability to resist and return to pre-stress
conditions (resilience). In an overview of the concept of sensitivity, Gallopin (2003)
defines it as a degree in which a system is affected by one or a set of internal or external
disturbances. From this perspective, sensitivity is an innate feature of coupled socio-
ecological systems and is apart from the ability to cope and exposure.

Generally, adaptive capacity of system with the help of thresholds and ranges of
coping capacity are analyzed by situations that system is adapted to or recovered from
(de Loe & Kreutzwiser 2000; Smit et al 2000). System’s adaptive capacity (according to
Adger 2006; Smit & Wandel 2006; IPCC 2001), that is called coping capacity by Turner
et al (2003a, b) and response capacity by Gallopin (2003), includes the ability of system
to regulate a disturbance, mitigate potential damage, take advantage of opportunities
and overcome the consequences of changes happening in the system. According to the
definitions by Adger (2006) and Kasperson et al (2005), exposure is considered a degree,
duration and domain in which a system is exposed to or affected by disturbances. Bohle
(2001) expressed that despite adaptive capacity and sensitivity, exposure is not a
component of a system but a feature of the relationship between system and
disturbances. If exposure concept is apart from vulnerability, exposure is a relative
feature and vulnerability is a system’s feature. Consequently, system’s vulnerability is
calculated based on sensitivity and adaptive capacity but exposure to a specific
disturbance is determined separately (Gallopin 2003).

Vulnerability assessment. As mentioned before, vulnerability is mostly considered as a
function of exposure and sensitivity of system to stress and external hazardous
situations, and also the capacity of system to absorb or cope the impacts of mentioned
stresses in various scales (IPCC 2001, 2007; Turner et al 2003a; Adger 2006; Smit &
Wandel 2006). Based on these characteristics, Smit & Wandel (2006) proposed a general
framework for vulnerability assessment in natural environment (Figure 2). But there is a
disagreement on concepts of vulnerability and their relationship. Such disagreements
lead to differences in the analysis of vulnerability such as objective of vulnerability
assessment, applied concept in the analysis of vulnerability, the target issue and spatial
and temporal scales of decision making (Eakin & Luers 2006; Fussel 2007). In fact, it
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could be expressed that disagreement on determination of external stress factors
(external factors) that system is exposed to and internal factors that determine the
impacts of the stresses on system, lead to the creation of conceptual models and
different vulnerability assessment methods in order to develop theoretical fundamental
and practical applications (Adger 2006; Eakin & Luers 2006; Fussel 2007; Green &
Penning-Rowsell 2007; Manuel-Navarrette et al 2007; McLaughlin & Dietz 2008; Polsky
et al 2007; Gallopin 2006). Despite the existing differences, all these approaches have a
number of common elements such as the examination of vulnerability from social-
ecological perspective, the importance of place-based studies, the conceptualization of
vulnerability as an equity or human rights issue and the use of vulnerability assessments
to identify hazard zones, thereby forming the basis for pre-impact and hazard mitigation
planning (Clark et al 2000; Cutter et al 2000; Ellis 2000; Sanchez-Rodriguez 2002;
Sarewitz et al 2003; Turner et al 2003b; O’'Brien et al 2004; Brooks et al 2005).
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Figure 2. Conceptual framework for vulnerability assessment (Smit & Wandel 2006).

But in general, the whole researches done in this field (vulnerability assessment) have
been carried out based on two main approaches: biophysical approach and social
approach (Dow 1992; Kelly & Adger 2000; Cutter 2003; Adger 2006; Fussel & Klein
2006; Eakin & Luers 2006; Fussel 2007; McLaughlin & Dietz 2008). In biophysical
approach, vulnerability is considered a set of physical events that a system is exposed to,
likelihood or abundance of occurrence of event, range (domain) of exposure, and
system’s sensitivity to the impacts of a specific event. In this approach, the role of
human system in mitigating an event is less considered and the main focus is on the
features of event like its magnitude, frequency, occurrence pace and spatial spread.
While, in social approach, the role of human factors and vulnerability derivers such as
economic, social and political situations are considered. In this approach, hazards and
diseases are caused not only by physical events but also by economic, social and political
situations (Adger 2000; O’Brien & Leichenko 2000; Brooks 2003; Adger et al 2005;
Pelling & High 2005). Finally, five approaches can be determined based on the
classification of vulnerable factors as external and internal social, economic and
biophysical factors (Table 1) (Fussel 2007).

In this study, dividing vulnerability factors into four categories including internal
and external socio-economic and biophysical factors is according to the components of an
integrated framework for assessment by Turner et al (2003a) in a way that internal
socio-economic vulnerability equals to resilience, internal biophysical vulnerability equals
to sensitivity, external socio-economic vulnerability equals to human situations and
impacts and external biophysical vulnerability equals to environmental situations and
impacts. “Cross-scale” phrase is used for the combination of internal and external factors
and “integrated” phrase is used for the combination of socio-economic and biophysical
factors. So, the combination of four mentioned groups can be called “cross-scale
integrated”.
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Approaches and main factors in vulnerability assessment

Table 1

References EX'SFmg A_pproach N |ns_|_ght Host system The . App_lled App!led The main purpose Vulnerability Approach
experience into vulnerability emphasis subject region factors

Wilhite (2000); Climate It is a physical risk Human Physical Natural Geography Risk assessment, Internal Risk-
Burton et al (1978); change and and a social response communities  systems hazards identification of biophysical hazard
Kates (1985); Smith its impact within a geographical vulnerable groups factors
(1997); Anderson & on societies area and critical

Woodrow (1998); regions
Downing et al
(1999)

MacMahon et al Social The ability of Human Social Biophysical Risk-hazard Development of a Internal Pressure
(1960); Blaikie et al  vulnerability individuals and communities  systems risk of humar.\ egolog.y socio- and
(1994); Kjellstrom & and the way societies to predict human model linking risk economic realize

Corvalan (1995); it is created sustainability, societies with economic- and
Wisner et al (2004) overcome and recover political resources  pigppysical
from anthropogenic or Description of factors
natural hazards ecological and (internal
X A physical hazards .
and its sensitivity and integrated)
d X . Management of
adaptive capacity disasters
Blaikie et al (1994); Analysis of A function of Human Social Biophysical Communities’ Detection social Internal and Political
Liverman (1990a, poverty and  biophysical risk factors  communities ~ systems risk of development inequality and external economy/
b); O'Brien & degradation ~ and potential possibility human and poverty; conflict between socio- political
Leichenko (2000) of natural of decreasing societies human activity;  human societies economic ecology
resources population exposed to environmental factors
hazards change (cross-scale)
Holling (1973); Land Capacity of an Human Coupled Biophysical Ecological and Determine ~ Asetof Resilience
Carpenter et al degradation,  ecosystem resilience  communities social stresses and  social sciences thresholds and internal and
(2001); Folke et al climate in the face of change  and natural and disturbances _uncertainties; e:;ecirg_"’"
(2002); Walker et al change and environment ecological identify changes :
- Hud lobal and transformation ~ €conomic and
(2004); }_—Iu son globa systems coUrring in biophysical
(2010); Simmie & environment h dg | factors
Martin (2010) uman a: natura (cross-scale
systems integrated)
Cutter (1993, 1996, Climate The probability that a Human Coupled Physical Climate Development of an ~ Asetof Integrated
2003); Cutter et al change and person or group is communities social stresses hazards integrated internal and
(2000); Fraser et al its impact exposed to a hazard and natural and framework for e:ct)ecirg_"’"
(2003); Turner et al on coupled and its destructive environment ecological studying the :
- O'Rri ; interactions among ~ €¢onomic and
(20034, b); O'Brien systems impacts systems biophysical
& Leichenko (2000); the corr%onen_ts of f;)ct)(l)rs
O’'Brien et al (2004) C?Up. e | soclo— (cross-scale
ecological systems integrated)
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Risk-Hazard approach. Generally, researches done on natural hazards (in a geographical
area) and theories on determination of hazard features, risk threshold range, human
behavior and coordination with environmental risk are the source Risk-Hazard
approaches in vulnerability assessment (White & Haas 1975; Burton et al 1978).

This approach has been dramatically applied by engineers and economists to
study hazards and also is like a similar concept in epidemiology (Downing & Patwardhan
2004). This approach also tries to integrate physics with engineering principles and social
techniques in order to describe the relationship among system’s elements. It is based on
exposure, likelihood of stress occurrence, and the impacts of natural and unnatural
hazards (Downing et al 2001; Brooks 2003). The key point of risk-hazard approach is the
clear distinction between hazard and vulnerability that are considered two determining
factors of risk.

In this approach, risk consists of a physical event, phenomenon or human
activities that are potentially damaging and is recognized by spatial distribution,
intensity, abundance and likelihood of occurrence. Vulnerability also shows the
relationship between hazard intensity and the degree of degradation (Brooks 2003; Jones
& Boer 2003; Schilling et al 2012; Wilhelmi & Morss 2013). In risk-hazard approach,
vulnerability is more descriptive and is mainly based on physical systems and hazard is
assumed a known and static phenomenon (Figure 3) (Downing et al 1999).

— — = o Vulnerability | — = = = - = I

Hazard event

I
|
I
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Figure 3. Framework of Risk-Hazard approach.

In risk-hazard approach, integration of physical event and main characteristics of
populations exposed to risk that this makes its capacity limited for responding, can be
seen. In fact, the vulnerability of populations is considered a function of biophysical risk
factors and also the potential possibility of decreasing the population exposed to hazards
(a kind of social response) (Hewitt & Burton 1971; Cutter 1996; Brooks 2003).
Therefore, vulnerability is a physical risk and a social response in a geographical area and
is known as internal biophysical vulnerability (Table 1).

According to the implementation of this approach, natural hazards and different
social and political changes have various impacts on different groups of society. Human
populations’ vulnerability for many natural hazards depends on different levels of
exposure and adaptive capacity (Burton et al 1978, 1993; Smith et al 2001; Smit &
Pilifosova 2001; Burton et al 2002; Polsky et al 2007).

Considering the main objective of this approach, risk assessment is recognition
and prediction of vulnerable groups and critical regions through determination of the
likelihood of occurrence and hazards consequences and it is mainly used in studying
repetitive physical events such as climate change and its consequences on human
societies (Klein & Nicholls 1999; Burton et al 2002; Schilling et al 2012; Wilhelmi & Morss
2013). Although conducted surveys mainly focuses on the presentation of solutions for
reduction of climate change impacts, a need to increase the adaptive capacity has been
considered a way of understanding, regulation and management of environmental
hazards and the ability to overcome. These indicate options enjoying resources and risk
management strategies for preparation, avoidance, regulation and recovering from
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impacts caused by exposure (Nelson et al 2010; Schilling et al 2012; Huq et al 2003;
Smith et al 2003; Smit & Pilifosova 2003). In this approach, adaptive capacity is related
to resilience, sustainability and flexibility of communities (Smithers & Smit 1997) and
determined by economic welfare, social networks, infra structures, social institutions, the
experience gained by previous risks and equality of access to resources within the
community (Smit & Pilifosova 2001; Smith et al 2003).

Risk-hazard approach has its own weaknesses in dealing with systems’
vulnerability. Some of them are as follows (Turner et al 2003a): inability to demonstrate
the ways that systems increase or decrease the effects of hazards occurrence; lack of
distinction between subsystems and components that make a difference in the
consequences of risks; lack of attention to the political and economic roles particularly
the institutions and social structures that have a significant effect on creating variations
in exposure and its consequences.

Pressure and Realize Approach. The origin of the Pressure and Realize approach (PAR) is
the framework of Risk-Hazard and describes risk as the product of hazard and
vulnerability (Blaikie et al 1994; Wisner et al 2004). The ultimate goal of this approach
on the one hand, is developing a model of human ecology to identify the causes of
vulnerability and link risk with political economy of resources and on the other hand,
describing physical, biological hazards and also actions and principal management of
natural disasters (Blaikie et al 1994; Winchester 1992; Pelling 2003). So, Adger (2006)
considers Pressure and Realize model, a development factor of conducted surveys in
hazards and ecology region and evolution of socio-ecological systems approach.

This model has some similarities with the hierarchical models used in the science
of epidemiology such as hierarchy of evidence (MacMahon et al 1960), Pressure-State-
Response (PSR) model (OECD 1993), Driving force-Pressure-State-Effect-Action (DPSEA)
framework (Kjellstrom & Corvalan 1995). This model was firstly used by Davis in 1978 to
show the impacts of a disaster in creating human vulnerability and physical hazards
(Davis 1978). This approach presents a descriptive model of vulnerability that consists of
the main reasons of its creation, also vulnerability is defined as the ability of people or
community to predict, sustainability, overcome and recover from anthropogenic or
natural hazards and also their sensitivity and adaptive capacity (Blaikie et al 1994). In
fact, the purpose of this approach is to identify the individuals or groups of the population
that their lives and in general their well-being experience the greatest threat from natural
hazards and adverse social, economic or political results (Figure 4) (Blaikie et al 1994).

Hazard fTTTTTmmmmsmmmmssmmmmmmmmmees
- 1 :
(Perturbation) I Root !
: cause :
1
Disaster 1 Unsafe :
i 1 | condition :
: Dynamic | I
: pressure |- :
' i
I 1
I 1
] 1

Base Vulnerability

Figure 4. Framework of Pressure and Realize model in vulnerability assessment.

Pressure-Realize approach focuses on social vulnerability and the way of its creation. In
other words, vulnerability is socially determined by a physical event and is a function of
social situation and last changes that put people in a wide range of climate, political, or
economic stresses and limit access to resources (such as poverty, development in
sensitive and marginal regions) (Watts & Bohle 1993; Blaikie et al 1994; Kjellstrom &
Corvalan 1995). Therefore, from the perspective of this approach protecting people from
social events that are at risk of being unbalanced is more important than protection
against natural hazards (Blaikie et al 1994; Wisner et al 2004; Sonwa et al 2012).
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Although this approach is useful to describe human vulnerability, provides simple indices
that only a specific human-environmental system exposed to single stress or disturbance
consider (Cutter et al 2008; Sonwa et al 2012). In other words, this approach is unable
to study coupled human-environmental systems exposed to a hazard (failure to identify
the characteristics of exposure) (Dolan & Walker 2004) and definition of vulnerability has
focused exclusively on human aspect and biophysical aspect of exposure and hazard size
are considered the given definition to the concept of vulnerability separately (Kelly &
Adger 2000). Also, this approach presents few details about a series of consequences of
hazard occurrence and offers very little attention to the feedbacks of systems (Turner et
al 2003a).

Political economy or Political ecology approach. Studies done in Risk-Hazard assessment
and climate effects are the origin of political economy approach (Blaikie et al 1994).
Political economy approach is common in the area of development and poverty of
community (Adger & Kelly 1999; Pritchett et al 2000; Adger 2000; Alwang et al 2001)
and is based on political, social and cultural factors that together make differences in the
impacts of stresses, exposure and also the ability of recovering from previous impacts or
adaptation and overcoming future threats (Sheridan 2001; Vasquez-Leon et al 2003;
Fussel & Klein 2006; Adams & Hutton 2007; Bryant et al 2011). While this approach
limits the analysis process of individuals and economic and social processes within human
societies, focuses on a specific area of the historical and political conditions and is based
on a descriptive model of socio-economic vulnerability to multiple stresses (Kelly & Adger
2000; Fussel 2004; Walker 2005). But in general, Political economy approach pays little
attention to biophysical processes and their description for providing management and
decision-making guidelines (Liverman 1990a; Adger et al 2001; Zimmerer & Bassett
2003).

The new form of Political economy approach is Political ecology approach that is
rooted in the science of ecology and social sciences and affected by conducted surveys on
hazards (Burton et al 1978; Paulson et al 2003) and its purpose is to describe necessary
environmental actions on land management (Blaikie & Brookfield 1987). In this approach,
the processes creating changes in environment and social institutions for vulnerability are
the center of attention and such process are used to describe human-environment
interactions and their consequences from the perspective of Political economy approach
concerning the importance of scale, policy, economy and social processes (Bryant &
Jarosz 2004; Neumann 2009).

Political ecology approach has been applied as a framework to recognize the
complicated relationships between local people and global and national political economy
and ecosystems (Schmink & Wood 1987; Neumann 2005; Walker 2005) and the main
subjects of this approach is the analysis of poverty and natural resources degradation,
unequal ownership of the resources, the availability and distribution of resources and
efforts made in order to control the distribution of resources (Williams 1995; McCarthy
2002; Jarosz 2004).

Generally, Political ecology approach tends to study ecological processes and
concentrate on human systems structures (Zimmerer & Bassett 2003; Neumann 2009)
and causes fundamental issues about policies, ethics and social justice in relation to
human activity and environmental change to be raised (Lipietz 1996).

Finally, it can be expressed that Political economy (recently political ecology)
approach focuses on the political aspects of vulnerability, detection of social inequality
and conflict within human societies.

Resilience approach. The concept of resilience was firstly used in the early 1970s in the
science of ecology and the study of the interactions and functional response of
populations (Holling 1961; Lewontin 1969; Rosenzweig 1971; May 1972). While an
ecologist named Holling was studying on the resilience and sustainability of ecosystems
as well as expressing multiple domains of sustainability or multiple domains of uptake in
natural systems, he introduced resilience as the sustainability capacity of ecosystems in
the face of change, the scale of sustainability and the ability of systems to accept
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changes and disturbances and also the ability to maintain relationships among
populations (Holling 1973). Indeed, ecological resilience leads to identify processes
causing change, detect thresholds and major factors that enable natural systems to
absorb disturbances (Turner 2010).

The application of resilience approach in ecological studies influenced other fields
of study such as anthropology (Hughes et al 2005; Davidson-Hunt & Berkes 2003;
Colding 2007; Yan et al 2011; Sterk et al 2013) resulting in a theoretical basis for
implementation of adaptive management and development of descriptive models and
guidelines for ecosystems’ management. After its application in the science of ecology
and its effects on human sciences, resilience concept was used to study coupled socio-
ecological systems (Walker et al 2006; Ruiz-Ballesteros 2011; Derissen et al 2011;
Tidball & Stedman 2013) and also natural hazards in social sciences (Nelson et al 2007a,
b; Berkes 2007; Renaud et al 2010; Zhou et al 2010).

Timmerman (1981) was the first person who entered resilience theory into social
sciences. He describes resilience as a tool of a system or part of a system’s capacity to
absorb and recover from occurrence of hazardous events and states that society's
vulnerability towards hazards is due to changes in science, technology and social
organization. Using this approach the researchers suggested adaptive management
strategies in order to increase the resilience of natural systems towards sudden events
and shocks (Walker et al 2002; Folke et al 2003; Colding et al 2003; Olsson et al 2004).
In this regard, Adger (1997, 2000), according to the definition by Timmerman (1981),
studied the relationship between social and ecological resilience and described social
resilience in relation to the concept of ecological resilience as the ability of groups or
communities to overcome external stresses and disturbances caused by political, social,
and environmental changes. Considering the fact that social and ecological systems have
co-evolutionary relationships and two-way feedbacks (Gunderson & Holling 2002; Folke
et al 2003; Janssen et al 2003; Chapin et al 2004), resilience of social systems in
different ways is related to resilience of ecological systems that social systems are
dependent on. So, the two-way relationships between ecosystems’ resilience and social
resilience have been studied in various scientific fields such as human geography, human
ecology and ecological economics (Zimmerer 1994; Gunderson et al 1997; Levin et al
1998; Nelson et al 2007b; Zhou et al 2010). This approach has been empirically used in
the context of land degradation (Goodman-Elgar 2008; Abdel Kawy & Ali 2012),
agricultural systems (Cuc & Rambo 1993; Goodman-Elgar 2008; Altaweel & Watanabe
2012), coastal livelihood systems (Peluso et al 1994; Klein et al 1998) and climate
change and the global environment (Kasperson et al 2005).

Applying the concept of resilience in the area of coupled socio-ecological systems
is described as the ability to respond to disturbance, the capacity for self organizing and
learning and adaptation (Folke et al 2002; Ruiz-Ballesteros 2011; Derissen et al 2011;
Wilson 2012;). Among them, description of resilience as a degree of disturbance that a
system can absorb and yet remain in the same situation or attraction domain has the
most usage (Folke et al 2002; Folke et al 2003; Folke 2006). In fact, the purpose of
resilience approach is to determine thresholds and uncertainties, as well as identify
changes and transformations occurring in human and natural systems and the dynamics
of socio-ecological systems (constant interactions between human and biophysical
environment on different spatial and temporal scales) (Ludwig et al 2001; Gunderson &
Holling 2002; Folke et al 2005; Hudson 2010; Simmie & Martin 2010).

The emphasis of resilience approach is to achieve a set of general principles of
coupled socio-ecological systems in order to attain solutions (guidelines) for sustainable
development of resources and maintaining the health of ecosystems (Walker et al 2004;
Adger et al 2005; Anderies et al 2006; Reynolds et al 2007; Nelson et al 2009). However,
most hypothesis and main features of resilience approach in relation to coupled socio-
ecological systems are firstly extracted from studying ecological subsystems and then
human subsystems and finally coupled human-environment subsystems on a larger scale
(Alberti & Marzluff 2004; Folke et al 2005; Hudson 2010; Simmie & Martin 2010). But
one of the problems existing in applying resilience approach for natural systems is a
difference of resilience features of various systems. This difference results in failure to
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combine systems’ resilience, and this is one of the main problems existing in resilience

approach for the analysis of coupled human-environment systems (Turner et al 2003a).
Generally, the vulnerability factors in resilience approach include a set of internal

and external socio-economic and biophysical factors (cross-scale integrated) (Table 1).

Integrated approach. Generally, the main part of studies about vulnerability of systems is
related to the development of integrated frameworks for studying the interactions among
the constituent parts of coupled socio-ecologic systems (Adger 2006). There are different
definitions of vulnerability in integrated approaches of vulnerability assessment. In the
integrated approach offered by Cutter (1993), vulnerability is defined as a possibility that
a person or group is exposed to a hazard and affected by its impacts. In this regard,
Turner et al (2003a) suggested conceptualizing vulnerability based on place that includes
the stages of exposure, sensitivity and resilience and lacks a comprehensive definition of
vulnerability. In addition to two mentioned definitions, integrated definitions of
vulnerability have been used in different ways in the area of changes in the global
environment and climate, and in reference to the regions, communities and other social
units (O’'Brien & Leichenko 2000; O’Brien et al 2004). One of the most important
applications of integrated definitions of vulnerability is in mapping vulnerability (or risk)
that is an interdisciplinary approach to identify specific (or critical) areas of vulnerability
(O’Brien et al 2004; Metzger et al 2005).

Integrated assessments of vulnerability conventionally focus on physical stress
factors such as natural hazards and climate change. Among studies done in this area, we
can mention the studies by O’Brien et al (2004) and O’Brien & Leichenko (2000) that
assessed the impacts of simultaneous combination of biophysical and socio-economic
stress factors (twofold exposure).

Previous studies indicate that the development and milestone of integrated
frameworks of vulnerability assessment is based on the study by Liverman (1990b) that
presents useful methods for vulnerability assessment of systems. Various integrated
approaches have been created such as hazard-place model and coupled framework for
vulnerability in order to integrate risk-hazard approach with economic-political
approaches (Cutter 1993, 1996, 2003; Cutter et al 2000; Turner et al 2003b). In this
approach, the internal factors of vulnerable systems are integrated with external hazards
of exposed system and vulnerability analysis, while focusing on a coupled socio-ecological
systems, provides integrated and multidimensional assessment framework for
vulnerability of coupled socio-ecological systems in order to achieve sustainable
development of systems (Turner et al 2003a, b; Folke et al 2002; O’Brien et al 2004).

In integrated approach, the vulnerability of communities, regions and countries to
climate hazards is characterized in cases of existing physical events and socio-economic
capacities of adaptation to mentioned events. In these approaches, vulnerability is
described as a product of the simultaneous interactions between biophysical and human
processes and multiple stresses and shocks affecting coupled systems that can hold
dynamic response with multiple feedbacks on different scales (Cutter 2003; Fraser et al
2003; Turner et al 2003a; O’'Brien et al 2004).

One of the most comprehensive multidimensional frameworks for vulnerabilities
assessment is offered by Turner et al (2003a) that is actually a part of extensive study by
Kates et al (2001) in which identifying sustainability and achieving sustainable
development goals have been considered. The multidimensional framework of Turner et
al (2003a) is of a special importance because of a particular focus on relationships and
feedbacks among coupled socio-ecological systems and analysis of the constituent
elements of vulnerability (exposure, sensitivity and adaptive capacity) in a specific
system on particular spatial scale (Figure 5).

This framework seeks to identify the relationship between vulnerability factors of
system and assess the effects of cope and response of system’s components (such as the
degree of exposure of societies or the ecological parts of system). This is used as the
basis of studies in the field of vulnerability assessment of systems to the effects of
climate because of its comprehensiveness and integrity (O’Brien et al 2004; Schroter et
al 2005; lonescu et al 2005; Kaplan et al 2009). The results of final analysis done by
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multidimensional frameworks of Turner et al (2003a) include not only identification of
current and future effects of stresses on system or identification of specific vulnerable
populations but also description of feedbacks and major processes that create vulnerable
situations.

Dynamics World
Cross-scale - System operates at multiple spatial,
In place -+ functional and temporal scales Region
e

Human influences outside the place
Micro political economy, institution,
Global trends and transition [ — == — - —— -
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Figure 5. Framework of integrated vulnerability assessment (Turner et al 2003a).

Results and Discussion

Choosing the best approach for vulnerability assessment of natural
environment. Considering the fact that changes and degradations occurring in
ecosystems is caused by natural and anthropogenic multiple stresses on them,
approaches based on single stress-single consequence are unable to determine real
vulnerability. So, application of suitable approach in order to identify multiple stresses
and describe the mechanisms causing vulnerability in detail, as a feature of internal
interactions of ecosystems, can be significantly useful to achieve conservation goal of
natural ecosystems and present management solutions and effective planning in order to
minimize destructive effects of multiple stresses (Turner et al 2003a). Despite the
importance of the mentioned purpose, existing approaches for vulnerability assessment
of ecosystems encounter problems; some of these problems are as follows: multiple
stresses with interactive effects, integrating the dynamic nature of vulnerability in terms
of time and space, considering perception of vulnerable populations and biophysical and
socio-economic uncertainties, impacts and the consequences of scale (the impacts of
dynamical cross-scale processes on vulnerability of a place) and inability to pay full
attention to equity and social justice (Eakin & Luers 2006; Cutter et al 2008). However,
studying the effects of multiple stresses on natural systems, in the context of global
environmental change is of considerable importance (O’ Brien & Leichenko 2000; O’Brien
et al 2004; Schroter et al 2005). In general, a set of quantitative and qualitative data,
financial resources and experts with different expertise are needed for the performance
of each of the main approaches of ecosystems’ vulnerability assessment. So, considering
the requirements of situations and resources listed above as well as the strengths and
weaknesses of each approach, we can compare their suitability and finally choose the
most appropriate approach for vulnerability assessment of natural environment (Table 2).
Some of criteria are as follows:

- simplicity of implementation;

- the level of need for a variety of qualitative and quantitative data;

- the level of coordination between the structure and approach’s framework;

- processes and natural ecosystems functions;
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- consider the human aspects in conclusions;

- development of institutional structures for linking the results of vulnerability

analysis with decision-making process.

The level of attention to the role of institutions that could serve as stressors or
structures affecting sensitivity and resilience of systems.

Table 2

Competence assessment of application of vulnerability assessment approaches in natural

environment

Weaknesses in vulnerability assessment of natural

Strengths in vulnerability

- t assessment of natural Approach
environmen environment
= Inability to study natural ecosystems in an integrated way; < « Easy to implement; « Require Risk-
Failure to study the effects of multiple stresses on natural fewer experts to run Hazard
ecosystems; < Failure to consider socio-economic factors for
studying vulnerability; « Lack of development of institutional
structures for linking the results of vulnerability analysis with
decision-making processes; « Lack of attention to the role of
institutions that could serve as stressors or structures affecting
sensitivity and resilience of systems
« Inability to study natural ecosystems in an integrated way « Easy to implement; = Require Pressure
(failure to consider external socio-economic and biophysical fewer experts to run; and
factors for studying vulnerability); « Failure to study the effects « Consider the human aspects Realize
of multiple stresses on natural ecosystems; « Failure to consider in conclusions
biophysical factors for studying vulnerability;
« Lack of development of institutional structures for linking the
results of vulnerability analysis with decision-making processes;
= Lack of attention to the role of institutions that could serve as
stressors or structures affecting sensitivity and resilience of
systems
= Inability to study natural ecosystems in an integrated way; « = Easy to implement; = Require Political
Failure to study the effects of multiple stresses on natural fewer experts to run; Economy/
ecosystems; = Lack of development of institutional structures for - Consider the human aspects olitical
linking the results of vulnerability analysis with decision-making in conclusions p
processes; = Lack of attention to the role of institutions that ecology
could serve as stressors or structures affecting sensitivity and
resilience of systems
= Complicated implementation; = The need for experts from e Coordination between the Resilience
various disciplines; = The need for a variety of qualitative and approach’s framework and
quantitative data; = The need for a substantial amount of structure, processes and
financial resources; < Lack of development of institutional functions of natural
structures for linking the results of vulnerability analysis with ecosystems; < Consider the
decision-making processes; « Lack of attention to the role of human aspects in
institutions that could serve as stressors or structures affecting conclusions; < Study the
sensitivity and resilience of systems effects of multiple stresses
(natural and anthropogenic)
on natural systems;
integrated and cross-scale
= Complicated implementation; = The need for experts from e Coordination between the Integrated

various disciplines; = The need for a variety of qualitative and
quantitative data; = The need for a substantial amount of
financial resources

approach’s framework and
structure, processes and
functions of natural
ecosystems; « Consider the
human aspects in conclusions;
» Study the effects of multiple
stresses (natural and
anthropogenic) on natural
systems;
« Integrated and cross-scale;

e Development of institutional
structures for linking the
results of vulnerability analysis
with decision-making process;
= Pay attention to the role of
institutions that could serve as
stressors or structures
affecting sensitivity and
resilience of systems

Conclusions. Vulnerability is an implication used in various research fields as
development

natural hazards, food security, national
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environmental changes, but there is no consensus on its meanings. This disagreements
cause to differences in aim of the vulnerability assessment, and difference on the
concepts used in the analysis of vulnerability, the main issue and temporal and spatial
scales of decision in the analyses of vulnerability. Appearing the conceptual models, and
various methods of vulnerability assessment due to progress in theoretical foundations
and practical applications of vulnerability like risk-hazard, political economy or political
ecology, pressure and realize, resilience and integrated approaches are the result of this
differences. The results showed that among these approaches, the integrated approach
has more strengths compared to other approaches (like coordination between approach
and structure, process and performance of the natural ecosystems, examine the effects
of multiple stresses (natural and anthropogenic) on natural systems, integrated and
cross-scale of approach etc.) it can be more efficient in use to identify processes and
interactions that lead to vulnerability in natural environments. Thus, by the
implementation of the integrated approach with providing a detailed theoretical
conceptual model in order to identifying the vulnerability can propose adaptive options to
moderate the destructive consequences at natural environments and through
prioritization of managerial actions and by providing appropriate infrastructure achieve
the ways that are needed to sustainability. In fact, by making a rational and effective
connection between the results of vulnerability analysis and decision processes,
integrated approach can be overcome the challenges in vulnerability assessment of
natural environments.

The results of this study could be as useful tool available to managers and
decision-makers and than through which they can to choose appropriate approach to
vulnerability assessment of natural environments. Undoubtedly a correct choice in
vulnerability assessment approaches will lead to offer effective management and
planning solutions to minimize destructive impacts of stresses and determine appropriate
measures that could be taken to reduce vulnerability of natural resources and cause
sustainable use of land by human before degradations happen.
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