20   The Geography of Hazards
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Exercise Guidelines
Brief Description
The idea of this module is to discuss concepts and frameworks of vulnerability and the implications for vulnerability assessment in the context of the project (case study). This analysis will help build a shared knowledge base, working language, and analytical notation for the rest of the exercises that will be conducted over the week.
Activities
1. In groups
Please look at the different frameworks below, and for each one try to answer the following questions in the context of your project (i.e. your particular case study):
1. What are the strengths and weaknesses of this framework?

2. What are the core concepts?

3. What is the level of complexity and explanation?

4. How is dynamic vulnerability portrayed?

5. What are the implications for practical application in your project?

2. In plenary
Discuss the results obtained:

· What are the main challenges encountered?

· Which one(s) could be applied to your project and why?

· What are the key messages?
Framework 1: Definitions of hazard, vulnerability, risk and disasters

	Hazard
	:
	potential threat to humans and their welfare

	+
	
	

	vulnerability
	:
	exposure and susceptibility to losses

	=
	
	

	risk
	:
	probability of hazard occurrence

	
	
	

	
	
	

	disaster


	:
	realization of a risk




( 
Strengths:

· Weaknesses:

· Core concepts: 

· Level of complexity and explanation: 

· Portray of dynamic vulnerability: 

· Implications for practical applications:

Framework 2: Causal chain of hazard development
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Source: after Downing (1991, see also Millman and Kates 1990).

( 
Strengths:

· Weaknesses:

· Core concepts: 

· Level of complexity and explanation: 

· Portray of dynamic vulnerability: 

· Implications for practical applications:
Framework 3: Vulnerability and capability
	RESOURCES
	VULNERABILITY
	CAPABILITY

	Physical/material


	
	

	Social/Organizational


	
	

	Motivational/attitudinal


	
	


Source: Anderson and Woodrow (1989).

( 
Strengths:

· Weaknesses:

· Core concepts: 

· Level of complexity and explanation: 

· Portray of dynamic vulnerability: 
· Implications for practical applications:
Framework 4: Three dimensions of vulnerability
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 Source: after Bohle et al. (1994).

( 
Strengths:

· Weaknesses:

· Core concepts: 

· Level of complexity and explanation: 

· Portray of dynamic vulnerability: 
· Implications for practical applications:
	FRAMEWORK 5: PROGRESSION OF VULNERABILITY
	
	
	
	

	
	
	
	
	
	
	
	
	

	ROOT CAUSES
	(
	DYNAMIC PRESSURES
	(
	UNSAFE CONDITIONS
	(
	DISASTERS
	(
	HAZARDS

	
	
	
	
	
	
	
	
	

	Limited access to
	
	Lack of
	
	Fragile physical environment
	
	
	
	Earthquake

	· Resources
	
	· Institutions
	
	· Dangerous locations
	
	RISK
	
	

	· Structures
	
	· Training
	
	· Unprotected structures
	
	
	
	Wind storm

	· Power
	
	· Skills
	
	
	
	=
	
	

	
	
	· Investment
	
	Fragile local economy
	
	
	
	Flooding

	Ideologies
	
	· Markets
	
	· Livelihoods at risk
	
	HAZARD
	
	

	· Political systems
	
	· Press freedom
	
	· Low income
	
	
	
	Volcano

	· Economic systems
	
	· Civil society
	
	
	
	+
	
	

	
	
	
	
	Vulnerable society
	
	
	
	Landslide

	
	
	Macro-forces
	
	· Groups at risk
	
	VULNERABILITY
	
	Drought

	
	
	· Population growth
	
	· Little capacity to cope
	
	
	
	

	
	
	· Urbanisation
	
	
	
	
	
	Virus and pest

	
	
	· Arms expenditure
	
	Public actions
	
	
	
	

	
	
	· Debt repayment
	
	· Lack of preparedness
	
	
	
	Heat wave

	
	
	· Deforestation
	
	· Endemic disease
	
	
	
	

	
	
	· Soil degradation
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	


Structure of vulnerability and disasters.  Source: Blaikie et al. (1994).
( 
Strengths:




( 
Weaknesses:

(
Techniques:

Framework 6: Environmental vulnerability
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Source: Kasperson, et al.

( 
Strengths:

· Weaknesses:

· Core concepts: 

· Level of complexity and explanation: 

· Portray of dynamic vulnerability: 
· Implications for practical applications:
Framework 7: Vulnerability interactions and feedbacks
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Source: Carter et al. (2001).
( 
Strengths:

· Weaknesses:

· Core concepts: 

· Level of complexity and explanation: 

· Portray of dynamic vulnerability: 
· Implications for practical applications:
A Sample of definitions related to vulnerability
Vulnerability: the degree to which a person, system or unit is likely to experience harm due to exposure to perturbations or stresses.

Exposure: the contact between a system and a perturbation or stress.

Sensitivity: the extent to which a system or its components is likely to experience harm, and the magnitude of that harm, due to exposure to perturbations or stresses.

Resilience: the ability of a system to absorb perturbations or stresses without changes in its fundamental structure or function that would drive the system into a different state (or extinction).

Stress: cumulating pressure on a system resulting from processes within the normal range of variability, but which over time may result in disturbances causing the system to adjust, adapt, or be harmed.

Perturbation: a disturbance to a system resulting from a sudden shock with a magnitude outside the normal vulnerability.

Adjustment: a system response to perturbations or stress that does not fundamentally alter the system itself. Adjustments are commonly (but not necessarily) short-term and involve relatively minor system modifications.

Adaptation: A system response to perturbations or stress that is sufficiently fundamental to alter the system itself, sometimes shifting the system to a new state.

Hazard: the threat of a stress or perturbation to a system and what it values.

Risk: the conditional probability and magnitude of harm attendant on exposure to a perturbation or stress.

Source: Kasperson, et al. (2002)

Clarifying the language

It is unlikely that the researchers and practitioners will agree on a definition of vulnerability.  However, a clear working language would be helpful.  For example, future vulnerability in the IPCC definition requires that climate change is explicitly forecast, socio-economic exposure is projected, and adaptation to prospective impacts of climate change are included.  The result is an integrated scenario of future vulnerability, but users should be clear that such scenarios cannot be validated or considered forecasts in the normal use of the word: they are contingent upon too many scientific and socio-economic uncertainties as well as the iterative nature of human decision making.  Conversely, we might also refer to more limited kinds of vulnerabilities, for instance to drought. Or we might wish to explore the circumstances of only certain socio-economic groups.

A formal nomenclature seeks to capture these definitions.  Vulnerability is related to the threat, sector, socio-economic group and consequence:
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Where:

T = threat, e.g. drought, climate change

s = sector, e.g. health

g = group, e.g. rural landless

c = consequence, e.g. loss of life

This nomenclature results in examples such as:

· climate change vulnerability (T=climate change, no other terms specified)

· drought (T) vulnerability for food systems (s)

· drought (T) vulnerability for smallholder (g) agriculturalists (s)

· drought (T) vulnerability for smallholder (g) agriculturalists (s) at risk of starvation (c=health effects of reduced food intake)

Or in the context of water systems:

· climate change impacts on drought (T, with two threats) vulnerability for smallholder (g) irrigation (s)

· flood (T) vulnerability for environmental water (s) quality (c)

Source: Downing, T.E. 2002. Protecting the vulnerable: Climate change and food security. In J.C. Briden, and T.E. Downing, eds. Managing the Earth. Oxford: Oxford University Press, 157-178.

Other frameworks 

1. The Surface of Vulnerability (Luers, A. 2005)
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Paciﬁc Applie d Geosci ences Com mission (SOPAC ) developed an environm ental vulnera bility index (EVI), which is a composi te of 54 ind ependent varia bles selec ted to repres ent three charact eristic s of vulnera bil- ity–d egradat ion, resilienc e, exposure ( Kaly , 2 002 ; Brigugl io, 1995 ). Examp les of varia bles included for each of these ch aracteris tics are great est average deviat ion in sea surface temperatur e in the last 5 years (exposur e), unde veloped land area (resilien ce) and numb er of e ndangered spe cies per land area (degra da- tion). While all of these are likely to be impor tant charact eristic s to consider , the ambig uity in what exactl y is being asses sed as ‘‘vulnerabl e’’ make the resul ts difﬁcul t to an alyze and to act upon. Other studi es are na rrower in focus an d highlig ht the need for vulnera bility asses sments to be ‘‘out come- based.’ ’ For exampl e, much of the foo d securi ty literat ure on vulnera bility argues that asses sment s should be ap proached as vulnera bility to hung er rather than vulnera bility to drough t (e.g . Dow ning, 1991 ; Ribot , 1995 ). Thi s outcome- based approach focuses on exami ning the multiple causes of a single out come. In this paper, I argue that vulnera bility assessment s shou ld

take the outcome- based approach a step furth er by

focusi ng on asses sing the suscept ibilit y of sp eciﬁc

varia bles (e.g . food supply, income) of concern, which

are belie ved to charact erize the well being of a sp eciﬁc

peop le or place, to a speciﬁc da mage (e.g. hunger). Thi s

more focused app roach, which ha s been illustr ated in

various studi es (e.g . Luer s et al., 2003 ; Peters on, 2002 ;

Schimm elpfe nnig and Yoh e, 1 999 ), in many cases may

provide more policy -relev ant resul ts.

3. A surface of vulner ability

I conceptual ize vulnera bility as a vector , where

relative v ulnerabili ty is repres ented by a pos ition on a

three- dimensiona l surface. I deﬁne the surfa ce ba sed on

a generic vulnera bility func tion, whi ch I derive by

trans lating a gen eral deﬁn ition of vulnera bili ty, the

suscept ibilit y to damage, into a mathe matical expression

( Luers et al., 2003 ). To do this I ﬁrst de ﬁne a thresho ld

of da mage and then repres ent susceptibil ity in terms of

its sensi tivity and exposure to exogen ous distu rbing

forces and its state relative to a thresho ld of damage:

Vuln erabilit y ¼ f

ð Sensitivi ty ; Expos ure Þ

State = Thresho ld

. (1)

Vul nerabilit y express ed in this form is prop ortional to

sensi tivity an d exposure and invers ely proporti onal to

the state of the syst em relative to a thresh old of damage.

While the speciﬁc functi onal form wi ll v ary by context

and locat ion, the general relation ship betw een the

compo nents of the equatio n is likely to charact erize

vulnera bility broadly. The goal here is not to sim ply

deﬁneaquantiﬁablemeasure,butrathertorepresenta relationshipinastandardformthatcanbeusedasa tooltohelpsortthroughthecomplexityofvulnerability analysis. 3.1.Surfacedimensions Fig.1aillustratesathree-dimensionalsurfacewhere vulnerabilityisdetermined simplyasameasureof sensitivityandexposuredividedbyameasureofthe staterelativetoathresholdofdamage.Thisisthe simplestrepresentationofthefunctionalformpresented inEq.(1).Fig.1bisthetwo-dimensionalrepresentation ofthesurface.Itisinterpretedsimilartoatopographic mapofalandscape.Thecontourlinesofthesurfaceare linesofequalvulnerabilityandaredeﬁnedbythe variablesoneachoftheothercoordinateaxis.BelowI discusseachofthedimensionsofthesurface. 3.1.1.Dimensionone:sensitivityandexposure Ireferheretosensitivityandexposuretoexogenous forcesandincorporateendogenousstressesasthose A R T I C L E INPRESS

Fig.1.Vulnerabilitysurface:(A)Aperspectiveviewofthethree-

dimensionalsurfaceofvulnerability.Thetopplaneisthetwo

dimensionalrepresentationofthesametopographicsurfacerepre-

sentedbycontourlinesofequalvulnerability. (B)Thetwo-

dimensionalrepresentationofthevulnerabilitysurfaceshownabove

rotatedsothatpointAshownoneachﬁgurerepresentstheorigin.

Adaptivecapacityisshownasthepotentialtoshiftasystem’sposition

onthesurfacetoalowervulnerabilityeitherbydecreasingsensitivity

orexposureorincreasingthestaterelativetothreshold.

A.L. Luers / Global Environme ntalChange15(2005)214–223 216


Fig. 1. Vulnerability surface: (A) A perspective view of the three-dimensional surface of vulnerability. The top plane is the two dimensional representation of the same topographic surface represented by contour lines of equal vulnerability. (B) The two- dimensional representation of the vulnerability surface shown above rotated so that point A shown on each ﬁgure represents the origin. Adaptive capacity is shown as the potential to shift a system’s position on the surface to a lower vulnerability either by decreasing sensitivity or exposure or increasing the state relative to threshold. 

The surface is based on a generic vulnerability function, which I derive by translating a general deﬁnition of vulnerability, the susceptibility to damage, into a mathematical expression (Luers et al., 2003). 
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Paciﬁc Applied Geosciences Commission (SOPAC ) developedanenvironmentalvulnerabilityindex (EVI), which is a composite of54 independent varia bles selectedtorepresentthreecharacteristicsofvulnera bil- ity–degradation, resilience, exposure (Kaly , 2 002 ; Briguglio,1995).Examplesofvariablesincluded for each of these characteristics are greatest average deviationinseasurfacetemperatureinthelast 5 years (exposure), undeveloped land area (resilien ce) and numberofendangeredspeciesperlandarea(degra da- tion).Whileallofthesearelikelytobeimpor tant characteristicstoconsider,theambiguityinwhat exactl y isbeing assessedas‘‘vulnerable’’make the resul ts difﬁculttoanalyzeandtoactupon. Otherstudiesarenarrowerinfocusandhighlig ht the needforvulnerability assessmentstobe‘‘out come- based.’’ For example, much of the food securi ty literature on vulnerability argues that asses sment s shouldbeapproachedasvulnerabilitytohung er rather thanvulnerability todrought(e.g.Downing, 1991 ; Ribot,1995).Thisoutcome-basedapproachfocuses on examiningthemultiplecausesofasingleout come. In thispaper,Iarguethatvulnerabilityassessment s shou ld taketheoutcome-basedapproachastepfurth er by focusing on assessing the susceptibility of sp eciﬁc variables(e.g.foodsupply,income)ofconcern, which arebelievedtocharacterizethewellbeingof a sp eciﬁc peopleorplace,toaspeciﬁcdamage(e.g.hunger). Thi s morefocusedapproach,whichhasbeenillustr ated in variousstudies(e.g.Luersetal.,2003;Peterson, 2002 ; SchimmelpfennigandYohe,1999),inmanycases may providemorepolicy-relevantresults. 3.Asurfaceofvulnerability I conceptualize vulnerability as a vector , where relativevulnerabilityisrepresentedbyaposition on a three-dimensionalsurface.Ideﬁnethesurface ba sed on agenericvulnerabilityfunction,whichI derive by translatingageneraldeﬁnitionofvulnerabili ty, the susceptibilitytodamage,intoamathematicalexpression (Luersetal.,2003).TodothisIﬁrstdeﬁnea thresho ld ofdamageandthenrepresentsusceptibility in terms of itssensitivityandexposuretoexogenousdistu rbing forcesanditsstaterelativetoathresholdofdamage:

Vulnerability¼f

ðSensitivity;ExposureÞ

State=Threshold

. (1)

Vulnerabilityexpressedinthisformisproportional to

sensitivityandexposureandinverselyproporti onal to

thestateofthesystemrelativetoathresholdof damage.

Whilethespeciﬁcfunctionalformwillvaryby context

andlocation, the generalrelationship betw een the

componentsoftheequationislikelytocharact erize

vulnerabilitybroadly.Thegoalhereisnotto sim ply

de ﬁne a qua ntiﬁabl e measur e, but rather to repres ent a relat ionship in a standard form that can be us ed as a tool to help sort through the co mplexity of vulnera bility an alysis. 3.1. Surface dim ensions Fig. 1a illustrates a three-dim ensional surface wher e vu lnerabili ty is determined sim ply as a measur e of sensi tivity an d ex posure divided by a measur e of the stat e relat ive to a thresho ld of damage. This is the sim plest represe ntation of the fun ctional form present ed in Eq. (1). Fig. 1b is the two-dim ensional repres entat ion of the surfa ce. It is inter preted simila r to a top ographic map of a landsca pe. The contour lines of the surfa ce are lines of equ al vulnera bility and are deﬁ ned by the varia bles on each of the oth er c oordinat e axis. Below I discus s each of the dimens ions of the surface. 3.1. 1. Dim ension one: sensi tivity and exposur e I refer here to sensi tivity and exp osure to exogeno us forces and incorpo rate endo genous stre sses as thoseA R T I C L E I N P R E S S

Fig. 1. Vulnerabi lity surface: (A) A perspec tive view of the three-

dimensional surface of vulnerabilit y. The top plane is the two

dimensional represent ation of the same topograp hic surface repre-

sented by contour lines of equal vulnerability. (B) The two-

dimensional representat ion of the vulnerabilit y surface shown above

rotated so that point A shown on each ﬁgure represent s the origin.

Adaptive capacity is shown as the potential to shift a system’s positio n

on the surface to a lower vulnerabilit y either by decreasing sensitivity

or exposur e or increasin g the state relative to threshold .

A.L.Luers/Global Environme ntal Change 15 (2005) 214 –223 216


Vulnerability expressed in this form is proportional to sensitivity and exposure and inversely proportional to the state of the system relative to a threshold of damage. While the speciﬁc functional form will vary by context and location, the general relationship between the components of the equation is likely to characterize vulnerability broadly. The goal here is not to simply deﬁne a quantiﬁable measure, but rather to represent a relationship in a standard form that can be used as a tool to help sort through the complexity of vulnerability analysis. 
2. The Hazards-of-Place Model (Cutter 1996, et al. 2003)
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Cutter (1996, et al. 2003) has drawn together the different elements that contribute to the overall vulnerability of places in the hazards-of-place model of vulnerability (see Figure above). Here, risk (likelihood of a hazard event) and mitigation (measures to reduce risk and/or its impacts) are combined to create hazard potential. The hazard potential is filtered through the geographic context (site and situation, proximity) and the social fabric of society (socioeconomic indicators, risk perception, ability to respond) and either moderated or enhanced by them. Biophysical vulnerability and social vulnerability together form the overall place vulnerability. The hazards-of-place model of vulnerability has an explicit focus on locality, since it depicts the overall situation and elements contributing to the vulnerability of a specific geographical area.

3. Extreme heat vulnerability framework (Wilhelmi and Hayden 2010)
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The extreme heat vulnerability framework was developed in response to the growing threat of urban heat to human health; it underscores the urgent need to better understand underlying societal vulnerability to this hazard. The proposed analytical framework adopts and expands upon concepts and definitions from previously proposed more generalized frameworks (Turner et al 2003, Wilhelmi et al 2004, Adger et al 2004, Adger 2006, Cutter et al 2008, Leichenko and O'Brien 2008, Acosta-Michlik and Rounsevell 2008) and focuses on societal vulnerability in the context of heat hazard and human health. The framework (figure above) incorporates many of the scientific concepts published in the natural hazards and climate change literature and highlights a process of identifying and understanding the relevant components and indicators of vulnerability of human health to extreme heat as well as an evaluation of alternative strategies to manage negative health outcomes. This framework adds to a growing body of literature on vulnerability assessments (Turner et al 2003, Eakin and Luers 2006, Patt et al 2008), indicating that societal vulnerability to urban heat needs to be studied at a local level using top-down and bottom-up spatial scales and scales of decision-making.
Examples

Framework 3: Vulnerability and capability
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Source: Heijmans and Victoria 2001: 4

Framework 4: Three dimensions of vulnerability
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Each of the three points of the triangle has important complementarities and areas of overlap with the other two. The tripartite causal structure in the case of floods comprises owner- ship of land, the main source of livelihood (entitlement); state and civil society relations seen in political and institutional terms (enfranchisement/ empowerment); and the structural-historical form of class and gender relations within a specific political economy. The space of vulnerability has an internal structure, and it is therefore possible to locate vulnerable groups and regions within it. 
Source: Mustafa, D. 1994 Structural causes of vulnerability to flood hazard in Pakistan
Framework 5: Progression of Vulnerability
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Source: Mustafa, D. 1994 Structural causes of vulnerability to flood hazard in Pakistan

Framework 6: Coupled human-environment system for vulnerability
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Vulnerability framework. Source: Turner et al 2003

Comprehensive vulnerability analysis ideally considers the totality of the system. This ideal, however, is unrealistic. Realworld data and other constraints invariably necessitate a ‘‘reduced’’ vulnerability assessment. Nevertheless, analysts must remain aware that vulnerability rests in a multifaceted coupled system with connections operating at different spatiotemporal scales and commonly involving stochastic and nonlinear processes. Failure to consider this larger context could lead to the identification of ‘‘response opportunities,’’ which, if implemented, lead to significant unintended consequences or ‘‘surprise’’. The vulnerability framework presented here is guided by the need to provide a template suitable for ‘‘reduced-form’’ analysis yet inclusive of the larger systemic character of the problem. 

The framework is not explanatory but provides the broad classes of components and linkages that comprise a coupled system’s vulnerability to hazards. The basic architecture (Fig. above) consists of: (i) linkages to the broader human and biophysical (environmental) conditions and processes operating on the coupled system in question; (ii) perturbations and stressors-stress that emerge from these conditions and processes; and (iii) the coupled human–environment system of concern in which vulnerability resides, including exposure and responses (i.e., coping, impacts, adjustments, and adaptations). These elements are interactive and scale dependent, such that analysis is affected by the way in which the coupled system is conceptualized and bounded for study.

The full framework is illustrated in Fig. above by way of spatial scale, linking place (blue) to region (yellow) to globe (green), and various parts are elaborated in Fig. below. The coupled human–environment system, whatever its spatial dimensions, constitutes the place of analysis. The hazards acting on the system arise from influences outside and inside the system and place but, given their complexity and possible nonlinearity, their precise character is commonly specific to the place-based system. For these reasons, the hazards themselves are located both within and beyond the place of assessment. These hazards hold the potential to affect the coupled system, including the ways in which the system experiences perturbations and stressors.
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Details of the exposure, sensitivity, and resilience components of the vulnerability framework.
Case Study: Modifying the general vulnerability framework 

This vulnerability study evaluated the general methodological framework and modified it, where necessary, to suit the characteristics of the system of interest, in this case reindeer herding in Finnmark. A conceptual framework was developed that focuses on the specific and, perhaps, even unique attributes of each particular case. Reindeer, reindeer herders, and the natural and social environments to which they belong represent a coupled human– environment system. Many of the components of this system, though only distantly related, are closely and functionally linked. Herders’ livelihoods, for example, depend on the level of production of their herds. Production, in turn, depends on the size of herds and on the productivity of individual reindeer in them, which depend, again in turn, on the quantity and quality of forage available. The level of feeding the animals enjoy is determined in the short term by prevailing weather conditions including temperature in summer, which affects the growth and nutritional quality of forage plants, and by weather conditions in winter, in particular a combination of precipitation, temperature, and wind, which affect the quality of the snow pack and, hence, the availability of the forage beneath. In the medium and long term, however, feeding levels are also determined by a suite of non-climate factors all of which have a major influence on the level of production and, completing the circle, on the profitability of reindeer herding. These include the quality of pasture (in terms of the species composition and biomass of forage and the availability of other important natural resources), the area of pasture available, herders’ rights of access to pasture, the level of competition between reindeer and other grazers, the level of predation to which herds are subjected, the monetary value of reindeer products and so on. Common to all these non-climate factors is that they are influenced by the decisions and policies of institutions far removed from Finnmark. Hence, it was clear at the outset that reindeer herding is a production system affected not just by climate variability, and potentially also by climate change, but also potentially very strongly by the socio-economic environment in which it exists.
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Conceptual vulnerability framework for the Finnmark case study. 

A conceptual model relevant for reindeer herding in Finnmark was developed at a five-day meeting held in Tromsø in August 2002. The president of the Association of World Reindeer Herders drew together a team of natural scientists, social scientists, administrators, and reindeer herders. All the participants were encouraged to emphasize their own particular perspectives and, working together in this way, the group then revised the generalized conceptual framework to suit the conditions prevailing in Finnmark. The herders, for example, were largely responsible for selecting the principal components included in the final model and upon which the study was based. The customized framework above describes the perceived relationships through which (1) climate change influences the growth and productivity of herds of reindeer, (2) herders cope with climateinduced changes in the supply of forage and in the level of production of their herds, and (3) herders’ ability to cope with climate-induced changes is constrained by extrinsic anthropogenic factors collectively called “institutions and governance”. (These include “predation”, the level of which is influenced by legislation that protects populations of predators.) Each part was tempered with herders’ understanding of the dynamics of herding, of their society, and of the natural and social environments in which they live. Superficially the final model bore little resemblance to the general framework from which it evolved, yet key elements, including human and environmental driving forces, human and societal conditions, impacts, responses, and adaptation, all remain.
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