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ABSTRACT

Climate change, currently researched and already debated in global and regional forums, can be a factor which could be considered a hazard in itself.  However, climate change will also directly modify existing hazards like floods, droughts, and hurricanes.

While the disaster—reduction community has elaborated risk models in terms of hazards, vulnerabilities, and coping capacities (ISDR, Living with  Risk, 2002, 2004), climate change needs to be introduced, either as a factor which modifies existing hazards, or as a hazard in itself.   The impact which climate change will have on present day activities and development will vary from society to society and within different regions of the world, according to its manifestations.  One crucial impact related to climate change will be felt in agriculture, especially in developing countries where subsistence agriculture is common, so many crops do not fare well with climate change, and a major challenge of paramount importance in adaptation will involve finding other sources of livelihoods. 

This paper addresses ways in which climate change can be introduced into the commonly used risk models, as well as issues which will need further discussion within the global communities of experts in development and disaster reduction.   In particular, the paper will focus on standing research questions regarding social vulnerabilities tied to climate change, as well as the context of some preparedness and adaptation measures currently being explored.

INTRODUCTION

Climate change impacts the lives of human beings in many ways, some positive, many negative. Climate change implies the modification of “average” climatic conditions as have been known since measurement of climatic phenomena have started being measured with reasonable degrees of accuracy. These departures from average conditions imply that all living organisms will be impacted in the long run (we talk of creeping processes) and that adaptability will be required. Some organisms will be able to adapt genetically, particularly if the repercussions of climate change is gradual. However, human beings will have to use a different strategy that would imply a modification of their habits and in the way they interact with the environment.

The manifestations of climate change include rise in air and sea temperatures and changes in precipitations patterns. These can have severe consequences. For example a rise in sea temperature directly affects coral reefs and generates thermal expansion which contributes to sea-level rise. A rise in air temperature can generate more common heat waves such as that of the 2003 summer which killed many elderly people throughout Europe and can contribute to the accelerated melting of the glaciers of Greenland (again see level rise anticipated). Less frequent, more intense rainfall patterns could contribute to less groundwater recharge in drylands with more droughts as a consequence and more runoff in South and South-East Asian countries with more floods as a consequence. These are just but a few examples and impact of climate change on cyclone frequency and intensity, melting of permafrost regions in high latitudes and other impacts could be mentioned.

As shown in IPCC´s Third Assessment Report  [IPCC-2001], temperature has risen steadily over the last century at a steady pace; precipitation has very likely increased during the 20th century over mid- and high latitudes, and likely decreased slightly in sub-tropical land areas; and the relative sea level has risen over the last three centuries.    The recent 2003 heat-wave in Europe and the four hurricanes affecting Cuba and Florida during a span of a few months in 2004 are additional isolated cases, but they fit into the trend of increasing frequency and magnitude of extreme events, contributing the ongoing process of climate change.   As predicted by experts involved in the Intergovernmental Panel on Climate Change, higher extremes of temperature, increases and decreases in precipitation, as well as changes in the frequency and intensity of hydro-meteorological and climate events are beginning to take place in many regions of the world.

Whether considering higher frequencies of drought, floods, cyclones or extreme temperatures, it is evident that human populations will have to adapt pretty much throughout the world. This adaptation will be particularly important because even if drastic actions are taken to curve greenhouse gases emissions today, there is so much inertia in atmospheric phenomena that the problem will remain with us for a long time. 

Unless action is taken rapidly at a global scale, climate change will probably exacerbate environmental degradation and the further degradation of services provided by the environment to human beings. According to the recently published Ecosystem Assessment Report (2005), two-thirds of services that the environment provides to humans (chiefly food, water, shelter material, etc.) are seriously threatened by current levels of human activity. The stress on the environment can therefore only go in an upward pattern with potentially disastrous consequences on some communities around the world.
The impact that climate change can have on humans, the economy, especially agriculture, infrastructure, and ecosystems will vary from one geographical region to the next, and will certainly be related to the degree of vulnerability associated with different communities and societies. 

DEFINING VULNERABILITY

 Loosely defined, vulnerability is the disposition of a community, a system or a process to be affected by an external event such as a flood, an earthquake, an explosion, or the rise in the prices of oil and fuels.  The degree of vulnerability can then be considered as the combination of existing conditions of such communities or systems that make them prone to being affected when the external event manifests itself.

Within the IPCC [IPCC-2001] vulnerability is defined as the degree to which a system is susceptible, or unable to cope with, adverse effects of climate change, including climate variations and extremes.  It is a function of character, magnitude, and rate of climate change and variation to which a system is exposed, its sensitivity, and its adaptive capacity.   To assess the vulnerability of a system employing this definition requires one to assess either

· the degree to which the system is susceptible to climate variations and extremes or

· the incapacity to cope with such variations and extremes.   
However, there can be a complication in assessing the degree of vulnerability of a system when both issues are addressed simultaneously.  For example, a system could be very susceptible and yet have the capacity to cope; while another system might not be very susceptible, but may have the capacity to cope with the extreme events.  It is difficult to state whether one combination leads to a higher vulnerability than the other one.   
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Figure 3:   The role of vu lnerability defining the hazard - damage relationship.   Curve A indicates a system more  vulnerable than curve B .  
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An example is the recent European heat-wave in the summer of the year 2003 which provoked over thirty seven thousand deaths in six countries [CRED-2005].    Table 1, based on CRED´s data, presents the distribution of these fatalities for the most affected countries.   While many could argue that European nations should be the least vulnerable due to their high degree of development, economic and technological capacities and resources to cope with any event, these countries basically lead the global list of fatalities with respect to this phenomenon.    Clearly, those who died in this event were susceptible and unable to cope.   In contrast, in the United States, where  air conditioning is common in houses and public buildings, heat-waves have not caused such a high number of fatalities.    

Furthermore, as expressed by O´Brien et al  [O´Brien 2004], Kelly and Adger  [Kelly and Adger 2000], even within the climate change community there are two contrasting interpretations on vulnerability:  the “end point” interpretation which proposes vulnerability as the residual of climate change impacts minus adaptation,  that is, the remaining segments of the possible impacts of climate change that are not targeted through adaptation.  The contrasting interpretation stated as the “starting point” views vulnerability as a general characteristic of societies generated by different social and economic factors and processes.    The two views have impacts on adaptive capacity and what it aims at.  In the “end point” view, adaptive capacity determines the extent of vulnerability, while in the “starting point” view, vulnerability determines the way in which adaptive capacity must be addressed.    In the “end-point” interpretation, the European heat wave must be modeled as impacting the elderly who, despite whatever measures are in place at the private or public level, continued to be vulnerable, in this case not being able to cope further with such a heat wave with the resources at their disposal.   In the “starting point”, elderly citizens of all types are  considered as vulnerable due to aging conditions and more predisposition to diseases of many kinds.  In contrast, young people are less vulnerable due to their healthier status in general. 
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Following the IPCC-Third Assessment Report, vulnerability can be further characterized in terms of the sensitivity of a system to changes in climate, its adaptive capacity in relation to such a changes, and the degree of exposure of the system to climatic hazards.  The representation of vulnerability in this manner complicates the task of quantifying the degree of vulnerability, as three quantities need to be integrated.      In the case of heat-waves, one can identify the deserts in many continents as the most exposed areas,  exposure being related to the frequent manifestation of high temperatures.   Yet, casualties associated with heat waves are minimal in countries of northern Africa and the Middle East.   Elderly people, which could be considered as the most vulnerable along with infants who cannot depend on themselves for any well-being, can be found in all parts of the world, and so, the explanation for the high toll of deaths in Europe has to be in relation to the lack of adaptation or coping capacity.     

In contrast to the definitions presented by the climate change community, the disaster-risk community has proposed an alternate definition for vulnerability, currently promoted by the International Strategy for Disaster Reduction, ISDR [2004].   Vulnerability is defined as the set of conditions and processes resulting from physical, social, economic, and environmental factors, which increase the susceptibility of a community to the impact of hazards.    The physical factors encompass susceptibilities of the built environment.  The social factors are related to social issues such as levels of literacy, educations, the existence of peace and security, access to human rights, social equity, traditional values, beliefs, and organizational systems.   In contrast, economic factors are related to issues of poverty, gender, level of debt and access to credits.  Finally, environmental factors include natural resource depletion and degradation.   In addition, it is important to recognize  the existence of a “natural” vulnerability towards climate change; coastal zones e.g. are generally highly vulnerable against sea-level rise or storm surges because of their exposure. In relation to coping capacity, the disaster community introduces this concept as part of the measures included within disaster-risk reduction.     Coping capacity  is conceived as the means by which people or organizations use available resources and abilities to face adverse consequences that could lead to a disaster. [ISDR, Living with Risk, 2004]   In general, this involves managing resources, both in normal times as well as during crises or adverse conditions. The strengthening of coping capacities usually builds resilience to withstand the effects of natural and human-induced hazards.   
Comparing the two definitions, one can conclude that the definition as proposed by ISDR for vulnerability could be linked to the component of susceptibility as presented in the climate change framework. This interpretation of vulnerability as a susceptibility of the system to external hazards associated with climate change not including coping capacities or exposure simplifies to a certain extent the methodology to be employed to characterize it.     This view has been proposed by Füsel et al  [2004], who also recognize that the notion of risk as proposed by ISDR could be related to the notion of vulnerability as proposed by the climate change community.   As pointed out by these researchers, the disaster management community makes a separation between the internal component of risk (vulnerability) and the external component (hazard).   In contrast, the definition of vulnerability within the climate change community takes into account the hazard and the exposure to it as some of its main components, and excludes the notion of external and internal factors, considering from the start that anthropogenic actions are indeed affecting the environment, and hence, some of the hazards.   Nevertheless, it is important to acknowledge that the proposed frameworks have been developed by separate communities to handle the conceptual and operations aspects regarding the measures to be implemented.

A final difference between the models presented by the disaster risk community and the climate change community is related to the exposure, which is embedded within the concept of vulnerability for the climate change community.   In contrast, for the disaster-risk community, exposure can be related to the physical aspects of vulnerability in some cases.
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An effort to transform the risk model of the disaster-risk community into one more linked with the vulnerability model of the climate change community has been proposed by Birkmann and Bogardi [2004],  who continue to define risk in terms of external hazards and internal vulnerabilities, but incorporate within vulnerability the aspects of coping capacities and exposure.   The three types of vulnerabilities presented in the BBC model: economic, social, and environmental, are influenced by both exposure and coping capacities, as can be seen in figure 2. The BBC model views vulnerability within a feedback loop system and by that stressing the fact that vulnerability analysis goes beyond the estimation of deficiencies and the probability of loss. It shows the need to focus simultaneously on vulnerabilities, existing coping capacities as well as on potential actuation tools to reduce the vulnerabilities related to the three key thematic areas, the social, the economic and the environmental sphere. In this context the model promotes a proactive understanding of vulnerability, that means it underlines the necessity to set up activities to reduce vulnerabilities before an event strikes the society, the economy or the environment (t=0). The primary focus on social, economic and environmental issues represents the close link to the debate of sustainable development. The underlying understanding of the vulnerability of the socio-economic system (anthroposphere) on the one hand and the environmental vulnerabilities on the other hand as well as assessing them simultaneously shows a close link to the debate of vulnerability within the climate change community. The environmental change and the sustainable development community stressing the fact that human interactions have to be viewed within the environmental context that means a key focus of these schools are human-environmental interactions.

While hazards continue to be seen as external factors with respect to risks and vulnerability as internal factors, this model can recognize the impact of anthropogenic actions to impact on the hazards as proposed by the climate change community as a feedback actuation mechanism.
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Another important aspect to consider regarding vulnerability seen in the narrow context of susceptibility is its possible dependence on the intensity of the hazard.   This view, presented by Villagran [2005], Cardona [2004], and  Grüntal [1998] proposes that vulnerabilities should be modeled to include this aspect.   The point can best be seen when analyzing damages experienced by structures or systems in events of different magnitudes.   For small magnitude events, basically only minimal damages are to be expected, something which can be correlated with minimal susceptibilities.   For very large events, everything or nearly everything will experience total destruction.  However, for ranges in between, different structures or systems will react differently, according to their degree of vulnerability or susceptibility.   In figure 3 curve A represents a more vulnerable case than curve B, because larger damages are expected for A in relation to B for the same hazard magnitudes.

This linking of vulnerability with magnitude of the hazard becomes relevant when analyzing the potential manifestations of climate change.   As presented in the IPCC Third Assessment Report, climate change is expected to manifest itself in many ways, including the following:

· Higher extremes of temperatures (very likely)

· More-intense precipitation events (very likely)

· Increase in frequency and magnitude of droughts and floods (likely)

· Sea level rise (very likely)

In the particular case of floods and droughts it is important to note two distinct aspects:  increase in frequency of events and increase in magnitude (a shift to the right of the scale on the abscissa in Figure 3).   An example of droughts and their magnitudes can be related to subsistence agriculture in Latin America.  Maize is a traditional crop in rural areas dating for many centuries.  However, maize can be considered as a type of crop which requires a certain amount of water.   In contrast, sorghum, another cereal, is a plant which requires less water.   In the event of a short lasting drought, sorghum plants will be less affected than maize plants.   This is to say that given a hazard of this magnitude, maize is more vulnerable than sorghum.   Nevertheless, a very long-lasting drought spanning several months will inhibit the growth of either maize or sorghum.  At this high level of drought, practically all seasonal agricultural crops are vulnerable.

DECOMPOSING CLIMATE CHANGE IN THE CONTEXT OF VULNERABILITY

As proposed before, vulnerabilities in the context of disasters should be considered as hazard-dependant.   For example, the physical vulnerability of infrastructure with relation to earthquakes is very different to the vulnerability of infrastructure with respect to drought.

Climate change in reality has the potential to span  several typical hazards such as floods, drought, rainfall episodes associated with monsoons, hurricanes, and typhoons.  In addition, it affects non-traditional hazards such as sea-level rise, higher temperature extremes, and hazards in marine environments rarely considered by the disaster community.   Therefore, vulnerability to climate change in reality should encompass vulnerabilities of several kinds (physical, social, economic, and environmental for example) associated with the various hazards included under the umbrella of climate change.  
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However, in contrast to the standard approaches being developed by the disaster-risk reduction community for standard hazards such as floods and drought, models under the climate change umbrella will also need to reflect on the varying intensity of magnitude of such hazards, as well as on the emerging hazards such as climate change.   Figure 4 indicates the new added feature that needs to be introduced within the context of the disaster-risk model proposed by ISDR.
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As an example of how vulnerability can be expanded to include the magnitude or intensity of the hazard, the most recent version of the European Macro-seismic Scale, elaborated in 1998, depicts 6 classes of vulnerabilities associated with different types of constructions materials and techniques, and has gone as far a ranging the expected damage of buildings associated with each vulnerability class to earthquakes of different intensities.    The EMS-98 scale allows users to classify existing structures into vulnerability classes, and has gone as far as proposing the degree of damages to be expected for such structures for earthquakes of different intensities.     The scale allows for 6 different degrees of vulnerabilities and presents how vulnerability varies according to the magnitude of the hazard (intensity of earthquake in this case).  One aspect that is interesting about the scale is how it manages to incorporate a degree of variability within a specific group of structures.

While no regionally accepted methods exist to analyze vulnerability to hazards like floods, attempts should consider then both the frequency and magnitude aspects as in the case of earthquakes.  

EXAMPLE: VARIATIONS IN PRECIPITATION IN CENTRAL AMERICA

During the summer of 2001, several regions of Central America experienced a delay in the onset of the rainfall, which affected the two yearly agricultural cycles.  The event was more associated to climate change rather than El Niño (ENSO) and was probably provoked by the modification in trade winds, that did not allow the traditional humidity of the Pacific to rise to the Central American region from the equator.

 As a result of the episode, the Government of Guatemala declared a national emergency at the national level.    The extended period without rainfall affected the end cycle of the spring, provoking losses in maize production and also affected the fall cycle.  Table 2 presents data provided by the Economic Commission for Latin America ECLAC [2002] on the impacts of this episode. 

Table 2:  Comparison among losses and some macro-economic variables

	Country
	Losses (millions of US dollars)
	Losses as a function of percentage of exports  for year 2000
	Losses as a function of percentage of GDP for the year 2000

	Costa Rica
	8,8
	0,2
	0,06

	El Salvador
	31,4
	1,1
	0,24

	Guatemala
	22,4
	0,7
	0,12

	Honduras
	51,5
	2,5
	0,91

	Nicaragua
	48,7
	6,7
	2,15

	Panama
	26,3
	0,5
	0,26

	Total or average
	189
	0,6
	0,3


Sectors impacted by such events obviously are agriculture and energy.  The energy sector was affected more severely in those Central American countries that rely on hydropower.  Less affected are those that rely on the use of bunker or oil for the production of energy.   Defining vulnerability at the national level as a function of the ratio of hydro-electric energy to total production it is possible then to capture this susceptibility of countries with respect to energy in relation to its production.   In the case of agriculture, the most vulnerable groups are those who rely on agriculture for subsistence.   In Latin America, subsistence farmers grow basic crops such as maize and beans, which are not adapted to drought periods.  A particular region in the eastern part of Guatemala within the Chiquimula department was hard hit by the combination of this weather-related event and the drop in coffee prices.   In the latter case the impact was important because that people in this region earn income as migrant workers in coffee plantations.  Once the prices of coffee dropped, many plantations ceased to operate, and thus migrant workers had to rely on their small, unfertile plots of land for subsistence.   The end result was malnutrition, which had to be temporarily alleviated through humanitarian assistance.   In El Salvador, the situation was similarly difficult, as the country experienced two powerful earthquakes which provoked losses worth millions of dollars in February of the following year.   While the identification of vulnerable groups can be rather straightforward, the assessment on their vulnerability and how it varies with the magnitude or frequency of the hazard remains a challenge.      

Countries or regions depending on energy produced through hydro-electrical means are more vulnerable than those producing it through other means such as nuclear power, thermo-electric, geothermal, or solar energy.   An obvious indicator of vulnerability would be the ratio of energy produced via hydro-electric means to the total production.   However, to include the issue of dependence of vulnerability on intensity or duration of drought is more difficult.   During the early nineties, Honduras faced tremendous hardships as their major electrical producing plant, the El Cajon hydro-electric plant, could only operate a few hours per day due to the nearly empty status of its water-storage dam.  Electricity cuts lasted up to fourteen hours per day for some regions of the country for several months.   As a temporary remedial solution, Honduras was forced to buy electricity from neighbouring countries and to generate electricity via thermal generation.    A similar situation was experienced by Nicaragua and Guatemala, with the onset of thermal generation as a solution to this problem.  [UN 1995].

More than two billion people live in dry regions of the world where pressure on environmental resources (eg. water, soil) are increasing.  This leads to an increase in environmental degradation  (e.g. soil salinisation, excessive groundwater withdrawal) and an inevitable decrease in the capacity for the environment to provide  services  [Millenium Ecosystem Assessment 2005].    If one superimposes on that climate change (alterations of precipitation patterns), it is evident that vulnerability of communities settled in these areas will increase dramatically.
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Figure 2:  BBC model incorporating exposure and coping capacity into vulnerability.





Figure 5:  Degree of expected damage as a function of the intensity of the earthquake in the EMS 98 macroseismic scale.





Figure 4:  The context of more frequent and more intense hazards within the ream of vulnerabilities








Figure 1:  Vulnerability factors.  Adapted from  ISDR:  Living with Risk.  





Table 1:  European Countries affected by 2003 heat-wave.
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