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Abstract

It is maintained that mountainous communities are more susceptible to climatic changes and natural hazards
owing to their weak socio-economic conditions and direct reliance on natural resources. This study was aimed at
assessing the vulnerability and capacity of community living in mountains of District Mansehra of Khyber
Phktonkhawa (KPK) province of Pakistan. A questionnaire was developed to collect data from three tehsils of
district Mansehra. This questionnaire was designed to assess the six dimensions of vulnerability i.e.
demographic vulnerability, socio-economic vulnerability, and physical vulnerability, vulnerability due to impacts
of previous disasters, mitigation and adaptation capacity, and vulnerability due to climate change. In order to
compare the vulnerability of each tehsil, a vulnerability index ranging from o (low) to 1 (high) was developed.
This vulnerability index inferred that Balakot (0.61) was highly vulnerable, and Oghi (0.43) & Mansehra (0.39)
were medium vulnerable. It was observed that fragile topography along with poor demographic and
socioeconomic conditions played a vital role in making Balakot highly vulnerable to future disasters. Community
empowerment and disaster risk reduction initiatives at grass root level are much needed to reduce vulnerability

and enhance people’s resilience.
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Introduction
Concept of vulnerability makes contacts with multiple
disaster

disciplines such as management

organizations, climate change organizations,
academia, and development organizations. This
multidiscipline nature of vulnerability led to various

definitions of vulnerability (Fellma, 2012).

Intergovernmental Panel on Climate Change defines
the climate based vulnerability as the degree of
susceptibility of a system, place and person and
incapable of dealing with effects of changing climate
(2007). Vulnerability is a function of the exposure
and sensitivity of a system to its adaptive capacity
(Ludena et al, 2015, Martin et al, 2017).
Vulnerability in context of poverty and development
is a cumulative measure of human wellbeing that
incorporate  social, economic, political and
environmental exposure to a range of detrimental
shocks or stresses (Adger and Kelly,1999).United
Nations-International Strategy for Disaster Reduction
(2004) characterizes the vulnerability as, the
conditions established by physical, environmental,
economic and social factors, which enhance the
tendency of a community of being harmed by hazards.
These factors are major dimensions of vulnerability
assessment in current research (Gentle and Thwaites,

2016; Aryal et al., 2018).

Communities living in mountains are especially at
risk, as they are highly reliant on natural resources for
their livelihoods, highly exposed to natural disasters,
and marginalized (Malek et al., 2015; Fuchs et al,
2017). Increased glacier melting and increasing
temperature at higher elevations are providing the
evidence that mountain ecosystems are turning out to
be hotpots of climate change (Gentle and Maraseni;
2014; Arias et al, 2016; Aryal et al, 2016).
Consequences of these changes may have very severe
impact on mountain ecosystem and communities, as
well as downstream communities (Macchi, 2011). It
has been a growing opinion that climate change has
resulted in alteration in biological and physical
Panel on Climate

systems (Intergovernmental

Change, 2007), such as decrease in size of glaciers,
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changes in amount and frequency of precipitation,
variation in cultivation and harvesting seasons,
changes in flowering and fruiting pattern, emergence
of pests, and movement of distribution ranges in flora
and fauna in order to adjust the variation in
environmental conditions (Lama and Devkota,20009;

Keilerand Fuchs, 2016; Keating et al., 2017).

The topography of mountainous areas with their

climatic conditions make communities more
vulnerable e.g. active landslides, riverbeds or river
streams at foothills etc. Impact of climate change and
natural hazards will be more prominent in resource-
deficient mountainous community, as they have poor
socio-economic conditions due to remoteness (Bryan
et al., 2012). There is high level of correlation
between poverty and vulnerability to natural disasters
(Willis et al., 2014). It has been established that poor
people lies in the most vulnerable category from
natural disasters (Vermeulen et al., 2011; Mallari et
al., 2016;Hufschmidt and Glade, 2010; Birkmann et
al.,2013). Keiler and Fuchs (2016) and Keating (2017)
also pointed out that poverty has negative influence
on adaptive capacity of community; Poor
communities have less resources and lack of ability to
adapt. Poor are compelled to live in marginalized
area, as they have no other option to settle (Kaplan et
al.,2009).In fact, it is believed that vicinity to an
extreme natural hazards combine with low income or
social status ended up in devastating consequences
(Ciurean et al.,2013).In the past, center of attention of
vulnerability assessment was limited to analysis of
stressors i.e. climate change, earthquake, flood etc.
and their overall impacts. With the growing time,
vulnerability assessment approach has developed
with investigation of system under stress or threat,
and its capacity to react (Fontaine and Steinemann,

20009).

In this study, multiple dimensions or components of
vulnerability have been investigated to assess the
vulnerability of mountainous community of district
Mansehra, KPK These

dimensions of vulnerability are

Pakistan. examined
demographic

vulnerability, socio economic conditions, quality and
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type of  physical infrastructure

vulnerability),

(Physical
impacts of previous disasters,
mitigation and adaptation capacity, and vulnerability
due to climate change (Herman-Mercer et al., 2016).
Vulnerability of any area can be measured by using
different approaches; Vulnerability and capacity
assessment (VCA) is such a tool which is most
popularly used for the collection and analysis of data
to recognize the risk and vulnerability of community
to hazards(Macchi, 2011; Gentle and Mazarseni,
2012). According to International Federation of Red
Cross and Red Crescent Societies (IFRC, 2003;
2006a,b,c,d), VCA is

determine risks and capacities at local and national

participative process to

scale, this can provide in-depth picture of community
hazards. Using VCA, an index ranging from o to 1 for
each assessed

component was developed, o

representing the least vulnerable and vice versa.
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Current study has major objective to identify the root
causes of local peoples’ vulnerability by assessing the
factors associated with the exposure to climate
change and natural hazards. Further capacity
assessment of mountainous communities was carried
out to judge their coping strategies. A tehsil-level
comparison was also conducted to recognize and rank
vulnerability status based upon their cumulative

index score.

Materials and methods

Study Site

This study was conducted in District Mansehra of
KPK province of Pakistan. It has a spread over an area
of 4,579 sq. km. The area is dominated by high
mountains, with an elevation ranging from 200 m to

4500 m asl.

o 40 80 160 240
Miles
1:531 461
Study site[_J

Fig. 1. Map of study area showing District Mansehra (red outline) in KPK Province (blue color) of Pakistan with

three major Tehsils.

The slopes and peaks of these mountains are rich with
flora and fauna (Earthquake Reconstruction and
Rehabilitation Authority, 2007). Total size of

households currently is 239,275 with estimated

population of 1,556,460 (Unpublished). District
Mansehra was most affected by the Kashmir syntax
Earthquake in 2005. The area has then become a

popular research site due to its disaster prone nature.
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Balakot,
Mansehra and Oghi (Fig. 1). Among the three tehsils,

District Mansehra has three tehsils;

Balakot was the worst affected in earthquake 2005;
many thousands deaths and injuries were reported

(United Nations Development Programme, 2007).

Almost all the houses and schools were destroyed.
Balakot lies in the red zone of seismology according to
measured Iso-seismal map of this region and it has

active fault line (Zare and Paridari, 2008).

Data Collection using VCA

To apply VCA tool, a semi-structured questionnaire
was developed through extensive literature review.
Questionnaire had six sections, and total 50 items
were developed. First section inquired demographic
characteristics of the households. Second section of
the questionnaire was consisted of socio-economic
information. Third section of questionnaire was
comprised of information about infrastructure and
building structure of their houses. Fourth section was
about the impacts of previous disaster on their
livelihoods. Fifth section gathered data about
adaptation and mitigating capacity of community to
cope with adverse effects of natural disasters. Last
section of questionnaire dealt with the climate change

and its impacts on community living.

Pilot study

A Pilot study was conducted for pre-testing of
questionnaire. In this, few questionnaires were used
to interview the households of Balakot city. This study
helps to check the validity and relativity of questions
to the particular area. After this pre-testing, some
modification was done in final questionnaire to be

conducted in field survey of the study.

Main Survey Design

From each tehsil of Mansehra district, one major
village was chosen for gathering household data. A
total of hundred (100) households from each Tehsil
were randomly selected for the questionnaire
interview this makes an aggregate sample size of 300.
Head of the household was interviewed considering

that they are living in the area from last 20 years.
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Living span of interviewee was considered so that
they should have observation of changing climate

(Adger et al., 2013).

Scoring procedure

Six factors or components which contribute to
vulnerability =~ were  assessed  through  the
questionnaire. These components are demography,
socio-economic factors, physical factors, impact of
past disasters, mitigation and adaptation capacity,
and climate change. Further, these components were
consisted of some variables. Variables in each
component of questionnaire were given the
vulnerable status ranges from o to 1, 1 being the

highest vulnerable, and 0 as the least vulnerable.

Vulnerability index of each wvariable (VIy) was

calculated by following formula.

VIy=Vf1 xPRD:1+Vf2 xPRD2+ and so on

Where Vf; and Vf. are vulnerability factors for
category 1 and 2 of variable, respectively. Vf can vary
depending on the categories of each variable e.g. Vfi,
Vi, Vi; ......

PRD; and PRD: are percentage responses in decimal
for category 1 and 2 of variable, respectively.
Percentage responses in decimal (PRD) can be PRD,,
PRD., and PRDs;.....

VI, = Z[Vﬁx PRDi)
i=1

Where,
Vfi = Vulnerability factor for ith category of variable.
Vfi can be any value ranging from o to 1 depending

upon the category of variable.

PRDi = Percentage response in decimal for ith

category of variable.
n = number of categories of variable.

Vulnerability index of each component (VI) was

calculated by following formula.

_ Sumofvulnerabilityindicesofallthevariablesinthatcomponent

c

numbere frariablesinthatcomponent
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Components can be demography, socio-economic,
physical, impact of past disasters, and mitigation and

adaptation capacity, and climate change.

Overall vulnerability index for each tehsil (V1) was

calculated by following formula.

v = Sume frulnerabilityindiceso fallthecomponents

13

numberof components

A scale was developed to rank the vulnerability index
of each tehsil (Fig. 2). According to this scale,

population having vulnerability score less than 0.25

Table 1. Demographic Vulnerability Index.

2018

was ranked as least vulnerable (L). Population having
vulnerability score in the range of 0.25 -0.50 was
ranked as medium vulnerable (M). Community
having vulnerability score above 0.50 was ranked as
high vulnerable (H).

Results and discussion

Demographic vulnerability

Results indicate that Balakot is demographically more
vulnerable as compared to other tehsils, as
demographic vulnerability index of Balakot (0.42) is
higher than Mansehra and Oghi (Table 1).

Variables Vulnerability index of variables

Balakot Mansehra Oghi
No. of family members living in a household 0.57 0.40 0.38
No. of children per household . 061 0.41 0.42
No. of household members above 60 years 0.31 0.22 0.23
No. of women per household 0.53 0.33 0.28
No. of disabled person 0.11 0] 0.01
Vulnerability index for components 0.42 0.27 0.26

Table 2. Socioeconomic Vulnerability Index.

Variables Vulnerability index of variables
Balakot Mansehra Oghi
No. of earning members per household 0.79 0.74 0.83
Estimated monthly income 0.65 0.38 0.46
Source of income 0.49 0.25 0.23
Highest educational attainment 0.60 0.37 0.38
No. of school age children enrolled 0.54 0.61 0.68
No. of unemployed members of age 18+ 0.25 0.08 0.08
Access to safe drinking water 0.74 0.36 0.24
Access to health facilities 0.74 0.36 0.48
Vulnerability index for components 0.60 0.39 0.42

Large family size and ratio of dependent population,
such as Children, elderly, disabled persons, and
women were key components in this category which
were higher in Tehsil Balakot. The dependent
population increases the vulnerability because they
demand special attention in the time of crises, adding
to it, fewer resources were documented which
indicates higher poverty. Similar findings were given
by Gentle and Marasani 2012 where large household
more dependency made Nepalese in Jumla district

more vulnerable.

Socioeconomic Vulnerability

Socio- economic vulnerability was high for Balakot
(0.60) relative to Mansehra (0.39) and Oghi (0.42)
(Table 2).
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Table 3. Physical Vulnerability Index.
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Variables Vulnerability index of variables

Balakot Mansehra Oghi
Land ownership 0.54 0.12 0.16
House ownership 0.12 0.12 0.16
Existence of building codes 0.83 0.92 0.82
Roof structure 0.38 0.09 0.35
Wall structure 0.56 o} 0.04
Overall condition of house 0.50 0.16 0.32
Is house made on steep slopes 0.70 0.16 0.16
Physical condition of public school 0.50 0.08 0.24
Distance of nearest public health facility 0.69 0.24 0.50
Road condition 0.78 0.16 0.12
Open spaces around buildings 0.68 0.68 0.64
Vulnerability index for components 0.57 0.24 0.31

Table 4. Vulnerability Index for Impact of Previous Disasters.

Variables Vulnerability index of variables
Balakot Mansehra Oghi
Household members affected from which disasters(past 10 years) 0.83 0.08 0.16
No. of death in previous disasters (past 10 years) 0.29 0.008 0.008
No. of injured in previous disasters (past 10 years) 0.33 0.01 0.04
No. of missing person in previous disasters o) 0 0
Frequency of earthquake occurrence 0.81 0.37 0.30
Frequency of landslide occurrence 0.65 0 o
Frequency of flood occurrence 0.70 0.24 0.28
Frequency of cyclone 0.10 0 0
Most affected member in family by disaster 0.69 0.08 0.14
Is school damaged in previous disasters 0.96 [} 0.44
Is house damaged in previous disasters 0.98 0.28 0.48
Cost of damage on assets from past disasters 0.64 0.04 0.16
No. of days to go back at work after previous disaster 0.86 0.19 0.34
No. of days to go back to normal life 0.86 0.15 0.37
How long it take to initiate or provide emergency and relief services 0.92 0.86 1
Vulnerability index for components 0.64 0.15 0.24

In this case, more unemployed adults, less income
sources coupled with less education attained were
major factors to increase people’s vulnerability. Socio-
economic conditions of Balakot community were very
poor; most of population belonged to poor class
having income less than 15000 rupees per month.
Mostly people were laborer. They were unable to meet
the expenses of physical mitigation to avoid the
adverse impacts of disasters. Most of households in
Balakot had no access to safe drinking water and

health facilities.

These poor socio-economic conditions affect their
ability to cope with adverse effects of natural events,
because access to water, sanitation and health
facilities encapsulate the resources of community to
which people can turn in at the time of disaster. These
results endorse the statement made by Busby et
al.,(2010)that communities having low level of
literacy rate, deprive of access to clean water and
health facilities are more likely to be at risk of being
harmed. Similar findings were reported by Bryan et

al., 2013.
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Table 5. Vulnerability Index for Adaptation and Mitigation Capacity.

Variables Vulnerability index of variables
Balakot Mansehra Oghi
Provision of training on risk management 0.88 1 1
Availability of early warning system 0.97 1 1
Did you get any warning in last disaster 1 1 1
Adequacy of first aid and rescue facilities 0.67 0.44 0.57
Availability of evacuation center 0.90 0.80 0.72
Vulnerability index for components 0.88 0.84 0.85

Physical Vulnerability

Physical vulnerability of infrastructure and building
was higher for Balakot (0.57) as compared to
Mansehra and Oghi (Table 3).Physical features, such
as location, type of infrastructure and houses, are
important part of vulnerability assessment. Most of
houses in Balakot were located on steep slopes. Land

sliding was common phenomena in Balakot. Balakot

Table 6. Vulnerability Index for Climate Change.

had poor quality of houses as compared to Mansehra

and Oghi. Most of roads were in poor condition.

These results are in line with the views of Kohle et al,,
(2007), as vulnerable location along with poor
enhanced the

infrastructure  have

Balakot

physical

vulnerability  of relative to  other

communities.

Variables Vulnerability index of variables
Balakot Mansehra Oghi
Change in temperature observed over last 10-20 years 0.86 1 0.80
Effect of temperature change on income 0.65 0.52 0.52
Seasonal variation in flowering and fruiting pattern 0.39 0.08 0.28
Impact of climatic variation on food production 0.67 0.68 0.46
Change in food diversity 0.28 0.24 0.32
Change observed in harvesting season 0.35 0.16 0.52
Change observed in amount of annual rainfall 0.74 0.81 0.73
Impact of change in rainfall on agricultural production 0.80 0.76 0.64
Change observed in glacier melting 0.64 0.60 0.76
Change observed in snow pattern 0.54 0.54 0.62
change observed in tree pattern 0.16 0.08 0.20
Vulnerability index for components 0.55 0.49 0.53

Impact of past disasters

Impact of previous disasters has been used as an
indicator to assess the vulnerability of communities of
Balakot, Mansehra and Oghi (Table 4). Index for
impacts of past disaster was high for Balakot (0.64),
as compared to Mansehra (0.15) and Oghi (0.24). As
Balakot

earthquakes often occurred.

is located on fault line, small scale
In earthquake 2005,

Balakot was damaged adversely. Higher number of

deaths and injuries were recorded in Balakot as
compared to Mansehra, and Oghi. The results of
current study showed that almost all households were
affected by the earthquake and currently people were
living in temporary shelters provided by other
Balakot is highly

vulnerable, as the case study conducted by Crowards

Governments to Pakistan.

(2000) revealed that if an area had faced more

number of deaths and injuries in previous disaster, it
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will be higher vulnerable to future disasters also.

Adaptation and mitigation capacity
Almost similar response was found for mitigation and
adaptation capacities of all the three tehsil.

Table 7. Ranking of vulnerability of each tehsil.

2018

Vulnerability indices for mitigation and adaptation
capacities were 0.88, 0.84, and 0.85 for Balakot,
Mansehra, and Oghi respectively (Table 5). Results
indicate that all of three communities are at high risk

due to lack of mitigation and adaptation capacity.

Tehsil Demographic Socio-economic Physical Impact of past Mitigation and Climate Overall Ranking of
vulnerability vulnerability vulnerability disasters adaptation capacity  change vulnerability vulnerability

Balakot 0.42 0.60 0.57 0.64 0.88 0.55 0.61 H

Mansehra 0.27 0.39 0.24 0.15 0.84 0.49 0.39 M

Oghi 0.26 0.42 0.31 0.24 0.85 0.53 0.43 M

H = ‘High vulnerable’,

They have received no training on disaster or risk
management. There was no early warning system
available. First aid and rescue services were not
satisfactory. Evacuation center were not available and

neither community was aware.

Climate change and its impacts

and M = ‘Medium vulnerable.’

Vulnerability indices to climate change were higher
for Balakot (0.55), with Oghi (0.53) and Mansehra
(0.49). Phenomenon of climate change has been
observed in study area as an increase in temperature,
increase in glacier melting and change in
precipitation were the common perception of people

about climate change.

Least Vulnerable

0 0.25

Medium Vulnerable

0.50

Fig. 2. Vulnerability index scale highlighting status of vulnerability according to scores.

This change in climate was equally affecting the
communities of Balakot, Mansehra, and Oghi (Table
6).

Comparative vulnerability analysis in three Tehsil
Overall vulnerability of each tehsil was calculated by
taking the average of vulnerability score of all the six

components (Table 7).

The overall vulnerability of each of tehsil was ranked
into three categories i.e. high, medium, and low. A
scale was developed to rank the vulnerability index of
each tehsil (Fig. 2).

According to this scale, Balakot community was
ranked highly vulnerable, as its index score was 0.61.

Both Mansehra and Oghi were ranked as medium

vulnerable, as their scores were 0.39 and 0.43
respectively.
Demographic characteristics, socio-economic
conditions, physical location and infrastructure of
houses and buildings, exposure to more disasters,
lack of

changing climatic conditions has increased the overall

mitigation capacities, and continuously

vulnerability of community of Balakot relative to

communities of Mansehra and Oghi (Fig. 3).

Vulnerability scores of Mansehra and Oghi are very
close to each other, as they have almost similar type
of demographic, social, economic, physical, and
climatic conditions. Difference of Balakot community
with other two communities is visible in demographic

and socio-economic conditions.
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Fig. 3. Vulnerability index of each component for three tehsils of District Mansehra.

Poor condition of houses and physical infrastructure
further increase the gap between Balakot and other
two communities. Further, Balakot is situated at fault
line, which makes it more prone to disasters. Lack of
mitigation and adaptation capacities increases the
vulnerability of each community, as none of
communities have developed any capacity to cope

with future disaster.
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Conclusion

This study has concluded that vulnerability and
adaptation capacity of different communities vary
according to their socio-economic and demographic
conditions. Communities living on steep slopes are
more prone to have natural disasters in future,
therefore to enhance their resilience education and
awareness in needed. Although all selected tehsils
were equally vulnerable towards climate change as
they had no mitigation and adaptation capacity. It is
further suggested the management of Disaster must

shift from reactive to preventive approach by creating

awareness among masses of disaster-prone areas like
Balakot. Availability of early warning system should
be ensured for timely evacuation and safeguard

belongings.

References

Adger N, Kelly M. 1999. Social Vulnerability to
Climate Change and the Architecture of Entitlement,
Mitigation and Adaptation Strategies for Global
Change 4, 253-266.
http://dx.doi.org/10.1023/A:1009601904210

Adger WN, Barnett J, Brown K, Marshall N,
O’Brien K. 2013. Cultural dimensions of climate
change impacts and adaptation. Nature Climate
Change 3, 112—117.
http://dx.doi.org/10.1038/nclimate1666

Arias KB, Dorado JR, Mendoza MT, Ballaran
VG, Maligaya H. 2016. Vulnerability Assessment to
Climate Change of Households from Mabacan, Sta.
Cruz and Balanac Watersheds in Laguna, Philippines.

Journal of Environmental Science and Management

19, 9-18.

Aryal S, Cockfield G, Maraseni TN. 2016.
Perceived changes in climatic variables and impacts
on the transhumance system in the Himalayas.
Climate and Development 8, 1—12.

http://dx.doi.org/10.1080/17565529.2015.1040718

140 | Shahzad et al.


http://dx.doi.org/10.1023/A:1009601904210
http://dx.doi.org/�10.1038/nclimate1666
http://dx.doi.org/10.1038/nclimate1666
http://dx.doi.org/10.1080/17565529.2015.1040718

Aryal S, Panthi J, Dhakal YR, Gaire NP, Karki
K, Joshi NR. 2018. Historically evolved practices of
the Himalayan transhumant pastoralists and their
implications for climate change adaptation.
International Journal of Global Warming 14, 356—
371.

http://dx.doi.org/10.1504/IJGW.2018.090402

Birkmann J, Cardona OM, Carreio ML,
Barbat AH, Pelling M, Schneiderbauer S,
Kienberger S, Keiler M, Alexander D, Zeil P,
Welle T. 2013. Framing vulnerability, risk and
societal responses: The move framework. Natural
Hazards 67, 193—211.
http://dx.doi.org/10.1007/s11069-013-0558-5

Ludena CE, Yoon SW, Sanchez-Aragon L,
Miller S, Yu BK. 2015. Vulnerability Indicators of
Adaptation to Climate Change and Policy
Implications for Investment Projects. Inter-American
Development Bank, Technical Note No. 858,

Washington DC.

Bryan E, Ringler C, Okoba B, Roncoli C,
Silvestri S, Herrero M. 2013. Adapting agriculture
to climate change in Kenya: Household strategies and
determinants. Journal of Environmental
Management 114, 26-35.

http://dx.doi.org/10.1016/j.jenvman.2012.10.036

Busby J, Smith TG, White K, Strange SM. 2010.

Locating Climate Insecurity: Where are the
Vulnerable Places in Africa? University of Texas at
Austin, Climate Change and African Political Stability
(CCAPS), Project from the Robert S. Strauss, Center

for International Security and Law, USA.

Ciurean RL, Schroter D, Glade T. 2013.
Approaches to disaster management: Examining the
implications of hazards, emergencies and disasters. In

Tech publisher, Austria, 3—32.

Crowards T. 2000. Comparative Vulnerability to
Natural Disasters in the Caribbean. Caribbean

Development Bank, Staff Working Paper 1, 00.

2018

Earthquake Reconstruction and
Rehabilitation Authority (ERRA). 2007. District
Profile — Mansehra, Prime Minister’s Secretariat,

Kamran Printers, Blue Area, Islamabad.

Fontaine MM, Steinemann AC. 2009. Assessing
Vulnerability to Natural Hazards: Impact-Based
Method and Application to Drought in Washington
State. Natural Hazards Review 10, 11-18.

http://dx.doi.org/10.1061/ASCE15276988200910:111

Fuchs S, Rothlisberger V, Thaler T, Zischg A,
Keiler M. 2017. Natural hazard management from a
co-evolutionary perspective: Exposure and policy
response in the European Alps. Annals of the
American Association of Geographers 107, 382—392.
http://dx.doi.org/10.1080/24694452.2016.1235494

Gentle P, Maraseni TN. 2012. Climate change,
poverty and livelihoods: adaptation practices by rural
mountain communities in Nepal. Environmental
Science and Policy 21, 24-34.

http://dx.doi.org/10.1016/j.envsci.2012.03.007

Gentle P, Thwaites R. 2016. Transhumant
Pastoralism in the context of socio-economic and
climate change in the mountains of Nepal. Mountain
Research and Development 36, 173—182.
http://dx.doi.org/10.1659/MRD-JOURNAL-D-15-

00011.1

Herman-Mercer NM, Matkin E, Laituri MJ,
Toohey RC, Massey M, Elder K, Schuster PF,
Mutter EA. 2016. Changing times, changing stories:
differences in climate

generational change

perspectives from four remote indigenous
communities in Subarctic Alaska. Ecology and Society
21.

http://dx.doi.org/10.5751/ES-08463-210328

Hufschmidt G, Glade T.

analysis

2010.Vulnerability
in geomorphic risk assessment. In:
Geomorphological hazards and disaster prevention.

Cambridge University Press, Cambridge 233—243.

141 | Shahzad et al.


http://dx.doi.org/10.1504/IJGW.2018.090402
http://dx.doi.org/10.1007/s11069-013-0558-5
http://dx.doi.org/10.1016/j.jenvman.2012.10.036
http://dx.doi.org/10.1061/ASCE15276988200910:111
http://dx.doi.org/10.1080/24694452.2016.1235494
http://dx.doi.org/10.1016/j.envsci.2012.03.007
http://dx.doi.org/10.1659/MRD-JOURNAL-D-15-00011.1
http://dx.doi.org/10.1659/MRD-JOURNAL-D-15-00011.1
http://dx.doi.org/10.5751/ES-08463-210328

IPCC.
adaptation and vulnerability. Working Group II

2007. Climate change 2007: Impacts,
Contribution to the Intergovernmental Panel on

Climate Change Fourth Assessment Report.

Cambridge University Press, Cambridge.

International Federation of Red Cross and
Red Crescent Societies (IFCR). 2003. Using the
vulnerability and capacity assessment tool in Rwanda.

Geneva, Switzerland.

International Federation of Red Cross and
Red Crescent Societies (IFRC). 2006a. What is
VCA? A guide to Vulnerability and Capacity

Assessment. Geneva, Switzerland.

International Federation of Red Cross and
Red Crescent Societies (IFRC). 2006b. How to
do a VCA: A Practical Step-by-Step guide for Red
Cross Red Crescent Staff and Volunteers. Geneva,

Switzerland.

International Federation of Red Cross and
Red Crescent Societies (IFRC). 2006¢c. VCA
Toolbox and Tool Sheets.

Switzerland.

Reference Geneva,

International Federation of Red Cross and
(IFRC).

Vulnerability and Capacity Assessment: Lessons

Red Crescent Societies 2006d.

Learned. Geneva, Switzerland.

Kaplan M, Renaud FG, Luchters G. 2009.
Vulnerability assessment and protective effects of
coastal vegetation during the 2004 tsunami in Sri

Lanka. Natural Hazards and Earth System Sciences 9,
1479-1494.

Keating A, Campbell K, Szoenyi M, McQuistan
C, Nash D, Burer M. 2017. Development and
testing of a community flood resilience measurement
tool. Natural Hazards and Earth System Science 17,
77—-101.

2018

Keiler M. Fuchs S. 2016. Vulnerability and
Exposure to Geomorphic Hazards: Some Insights
from the European Alps. In: Meadows, ME, Lin JC,
Eds. Geomorphology and Society: Advances in
Geographical and Environmental Sciences. Springer

Japan KK. Tokyo, 165-180.

Kohle MP, Neuhauser B, Wenzel H, Howes
DD. 2007. Elements at risk: a framework for
assessing the vulnerability of communities to
landslides. Natural Hazards Earth System Science 7,

765-779.

Lama S, Devkota B. 2009. Vulnerability of
mountain communities to climate change and
adaptation strategies. The Journal of Agriculture and

Environment 10, 65-71.

Macchi M. 2011. Framework for community-based
climate wvulnerability and capacity assessment in

mountain areas. ICIMOD, Kathmandu-Nepal.

Malek Z, Boerboom L, Glade T. 2015. Future
forest cover change scenarios with implications for
landslide risk: An example from Buzau Sub
Carpathians, Romania. Journal of Environmental
Management 56, 1228—-1243.

http://dx.doi.org/10.1007/s00267-015-0577-Y

Mallari AEC. 2016. Climate Change Vulnerability
Assessment in the Agriculture Sector: Typhoon Santi
Experience. Procedia - Social and Behavioral Sciences
216, 440 — 451.
http://dx.doi.org/10.1016/j.sbspro.2015.12.058

Martin Y, Mimbrero MR. 2017. Community
vulnerability to hazards: introducing local expert
knowledge into the equation. Natural Hazards

http://dx.doi.org/10.1007/s11069-017-2969-1.

United Nations Development Programme
(UNDP). 2007. Building governance and institutions
for earthquake response (BEGIN-ER): Mansehra
District Disaster Risk Management plan, Govt. of

Pakistan.

142 | Shahzad et al.


http://dx.doi.org/10.1007/s00267-015-0577-y
http://dx.doi.org/10.1016/j.sbspro.2015.12.058
http://dx.doi.org/10.1007/s11069-017-2969-1

United Nations International Strategy for
Disaster Reduction (UNISDR). 2004. Living with
Risk, A Global Review of Disaster Reduction

Initiatives. Geneva, Switzerland.

Vermeulen SJ, Aggarwal PK, Ainslie A,
Angelone C, Campbell BM, Challinor AJ,
Hansen JW, Ingram JSI, Jarvis A, Kristjanson
PM, Lau C, Nelson GC, Thornton PK,
Wollenberg E. 2011. Options for support to
agriculture and food security under climate change.
Environmental Science and Policy 15, 136-144.

http://dx.doi.org/10.1016/j.envsci.2011.09.003

2018

Willis I, Gibin M, Barros J, Webber R. 2014.
Applying neighborhood classification systems to
natural hazards: a case study of Mt Vesuvius. Natural
Hazards 70, 1—22.

http://dx.doi.org/10.1007/s11069-010-9648-9

Zare M, Karimi-Paridari S. 2008. Balakot,
Muzaffarabad earthquake of 8 october 2005, mw 7.6;
field observations on geological aspects. The 14th
World Conference on Earthquake Engineering

October 12-17, 2008, Beijing, China.

143 | Shahzad et al.


http://dx.doi.org/10.1016/j.envsci.2011.09.003
http://dx.doi.org/10.1007/s11069-010-9648-9

