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A B S T R A C T   

In recent years the adverse impacts of climate change on the natural environment and the multiple threats it 
poses to human health, especially in the Global South, have become increasingly evident and these are likely to 
increase in the near future, with more people likely to be risk. This study investigates households’ vulnerability 
to public health risks in disaster-prone areas of Pakistan. It uses a dataset of 600 households, based on structured 
questionnaire with household heads from two severely flood-affected districts (Nowshera and Charsadda) in 
Khyber Pakhtunkhwa (KP). Household vulnerability to flooding and related health problems are assessed 
through a logistic regression model. The results reveal that respondents’ socio-economic and demographic at-
tributes, such as age, gender, education, income, the materials out of which their house is constructed, past 
experience of floods and social networks are the key factors influencing their flood vulnerability. Households’ 
health vulnerability is affected by their access to information and health facilities, their sanitary arrangements, 
distance from the main health facility and previous damage to water supply and health facilities from the flood in 
2010. The findings suggest the need to overcome households’ flood and health vulnerability through capacity 
building, training and sustainable mitigation efforts. At the governmental level, a comprehensive and realistic 
stakeholder analysis is needed to ensure the active involvement of all stakeholders, to generate their commitment 
and support and to identify what actions are most needed. Any actions to minimize household health risks will 
require an integrated, multi-sector, approach which would increase efficiency through pooling resources and 
skills.   

1. Introduction 

Flood disasters are the most frequently occurring types of natural 
disasters [1], which occur as a result of rising sea levels and extreme 
precipitation, both of which are a consequence of climate change [2]. 
Many studies, conducted across the globe, have indicated that flood 
disasters can impact peoples’ lives in many ways [3–6] and that the 
frequency and intensity of hydro-meteorological disasters in South Asian 
countries, including Pakistan, has increased in recent decades [7–9]. In 
Pakistan, the most catastrophic flood occurred in 2010, affecting more 

than 24 million people, damaging more than 2 million hectares of 
standing crops and resulting in over 10 billion USD of economic losses 
[10,11]. Due to climate change, these flood events are likely to occur 
more frequently, and their adverse impacts are likely to be more severe 
in the future. Keeping this in view, the Sendai Framework for Disaster 
Risk Reduction includes the objective of building resilience and 
fostering adaptive behavior to extreme weather-related events in order 
to reduce vulnerability to them. 

The World Health Organization defines a healthy individuals an in-
dividual having a complete state of physical, mental and social 
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wellbeing [12]. The common health impacts of flooding are complex 
[13], they include: causing acute stress [14], malaria and cholera [15], 
depression [16,17], anxiety, and posttraumatic stress disorder (PSTD), 
damage to infrastructure [18], the loss of the existing health system and 
healthcare delivery services [19] damage to water and sewage systems 
and disruption to existing public health care programs [20]. These im-
pacts depend on nature and scale of the flood disasters, the speed at 
which people can return to their usual way of life, the presence of 
environmental contaminants, evacuation procedures and the assistance 
mobilized [21–23]. The assessment of vulnerability must take all these 
issues into consideration to estimate anticipated damages and their 
impact. 

Public health organizations and disaster epidemiologists define the 
concept of risk and vulnerability in public health in different ways. The 
Society for Risk Analysis (SRA) identifies risk as the negative impacts of 
an uncertain event on human lives, property, and health. Risk can also 
be estimated on the basis of the probability, and likely frequency, of risks 
[24]. Public health has a dynamic relationship with the number and 
distribution of exposed people, the space that they occupy and the skills 
and resources available to satisfy their needs, while the ‘vulnerable 
population’ is defined as those people who are more prone to uncertain 
events (floods) with poor health status, lack of access to health care 
facilities [25], elderly, infants, and children [26,27]. 

When communities are affected by a disaster, protective behavior, 
fostered by the existence of strong family bonds and social connections 
play a crucial role in coping with its adverse impacts. However, disasters 
also disrupt the systems on which vulnerable people rely. For instance, 
older people, children, and disabled people may receive assistance from 
their family members, relatives or friends (access to food, water, elec-
tricity etc.) the supply of which may be interrupted by a flood disaster, 
making these groups more susceptible to the adverse impacts of the 
flood. Equally, people living in a flood prone areas where there is poor 
access to information about flood hazard risks are likely to be more 
vulnerable to the impacts of flooding [7]. Thus, individual vulnerability 
cannot be measured by one single indicator. A number of other factors 
must also be taken into consideration: including age [7], gender [28], 
family size [29], income [30], education [31], employment [7], building 
materials [32] and house ownership [33] etc. While there is ample 
literature available, both from the Global North and South [34–52] on 
different aspects of climate-induced disasters and their impacts on 
peoples’ lives. There is a dearth of literature on households’ vulnera-
bility to flooding-induced health risks in disaster prone areas. Under-
standing such vulnerability could play an important role in 
strengthening individual or community responses to securing public 
health during and after flood disasters. This implies a need for policy 
makers to design sustainable preventive policies aimed at making 
communities more resilient and enhancing their adaptive capacity in 
order to minimize peoples’ suffering. 

Bearing in mind the aforementioned research gap, this study in-
vestigates household vulnerability to flooding-induced public health 
risks in Pakistan in two disaster prone districts of Khyber Pakhtunkhwa 
province. Specifically, the current study is designed to assess important 
attributes that could influence flood induced household vulnerability 
(socio-economic and demographic characteristics) and health risks (in 
terms of their access to health facilities and information, water sources, 
the type of latrines they possess, their access to safe drinking water and 
their distance from the nearest health facility). 

2. Materials and methods 

2.1. Study area and sampling strategy 

This cross-sectional study was conducted in two severely flood 
affected districts, Charsadda and Nowshera, in Khyber Pakhtunkhwa 
(KP) Province in Pakistan. KP province was chosen purposively as its 
location and physical configuration makes its highly vulnerable to 

sudden and unexpected hydro meteorological disasters which require an 
immediate and integrated response [101]. KP Province is prone to 
flooding between July and September when the whole South Asian re-
gion experiences heavy monsoon rains. The province has experienced 22 
major floods between 1950 and 2014, with the 2010 flood being the 
most disastrous [7]. The survey on which this analysis is based was 
conducted in February and March 2018 and covered 600 severely 
affected households (300 from each district) who participated in the 
survey (Fig. 1). The responses to the questions were recorded on struc-
tured questionnaires by the enumerators. This study adopted a multi-
stage sampling technique to select respondents from severely affected 
districts. Firstly, we selected KP province due to its unusual geographical 
settings, high exposure, and vulnerability to climate induced disasters 
[7,8]. In the second stage of sampling strategy we purposively selected 
two of the districts in KP that were among the most severely affected 
districts by the 2010 flood (out of a total of 24 affected districts). In the 
third stage of sampling, we randomly selected three Union Councils (UC) 
from each district. In the fourth stage we selected two villages from each 
UC, based on the KP Provincial Disaster Management Authority’s 
assessment report of the 2010 floods [102]. In the final stage of the 
sampling procedure, 50 households were randomly selected from each 
of the six selected villages, which were drawn from detailed lists of all 
households affected by the 2010 flood (which the administrative heads 
of each UC made available to us). Before initiation of the study, a proper 
orientation was given to the data enumerators about the study objec-
tives, data collection tools (questionnaire) and methodology. Further-
more, the survey questionnaire was pretested in the field to give 
practical demonstration of infield practice of questions but also improve 
the quality of survey questionnaire by deleting (irrelevant) or adding 
(new information). 

2.2. Household flood vulnerability 

Wang and Roush [53] identify the importance of taking the likeli-
hood and likely consequences of extreme weather-related disasters into 
account in order to arrive at a risk assessment. Cooper [54] recommends 
ranking disaster risks based on their likelihood (occurrence) and likely 
adverse effects (severity) to calculate a risk factor. In our research, we 
asked respondents to rank the incidence and severity of flood disasters 
using a Likert-scale (1 ¼ low; 5 ¼ high). The ranks of likelihood and 
consequences are summed in a risk matrix [55–58], which ranged from 
low (between 2 & 5) to high (between 6 &10) (see Fig. 2). 

2.3. Analytical framework 

We used logistic regression to analyze the determinants affecting 
respondent’s perceptions of risk. The Logit model has been widely used 
in many studies [60]. Since our dependent variable is dichotomous, we 
can use Linear Probability Model (LPM), Logit or Probit models to es-
timate our parameters. One of the advantages of LPM is that the 
resulting coefficients are easy to interpret as compared to the Logit and 
Probit models. However, LPM has three major disadvantages: 1) the 
fitted probabilities can exceed the minimum bound of zero and 
maximum bound of 1, 2) partial effect of linear explanatory variable is 
constant at all levels and 3) residuals are heteroskedastic [61]. Logit and 
Probit families of models address the disadvantages of LPM and provide 
reliable estimates of probabilities in case of limited dependent variables. 
In simple settings, both Logit and Probit models provide similar results 
therefore we used logistic regression model for following the conven-
tions in the field of disaster management. The general form of the lo-
gistic regression equation form is as follows; 

logitðYiÞ¼ ln
�

p
1 � p

�

¼ αþ β1x1 þ β2x2……β (1)  

Where, Yi is a dichotomous variable, which represents the dependent 
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variable. In this study, Yi represents a household’s vulnerability to flood 
incidents. Xi represents the explanatory variables (the households’ 
socio-economic and demographic characteristics and their health 
vulnerability), α denotes the intercept and βi are the parameters to be 
estimated. The ln is the log of the odds ratio used to assess the proba-
bility density function. The parameters of the logistic regression were 
determined using the maximum likelihood method, as the ordinary least 
square method was not appropriate, due to the dichotomous nature of 
the dependent variable. The covariance of these explanatory variables 
was checked through correlation, after which a binary logistic regres-
sion model was applied to determine the factors affecting households’ 
vulnerability to flood-induced health risks. 

The socio-economic and demographic determinants used in the study 
were gender: (1 ¼male; and 0, otherwise), age (continuous), education 
level (continuous), family size (continuous), monthly income (contin-
uous), multiple livelihood sources (1 ¼ yes, otherwise 0), building ma-
terials (1 ¼ reinforced cement concrete, otherwise 0), house ownership 
(1 ¼ owner, otherwise 0), past flood experience (1 ¼ yes, otherwise 0), 
and social networks (1 ¼ affiliation, otherwise 0). 

The household health vulnerability indicators used in this study are 
as follows: access to health facilities (1 ¼ yes; and 0, otherwise), type of 
latrine (1 ¼ septic tank; and 0, otherwise), access to health information 
(1 ¼ yes; and 0, otherwise), distance from the nearest health facility (1 ¼
>30 min; and 0, otherwise), health facility damaged by 2010 flood 
(1 ¼ yes; and 0, otherwise), water sources (1 ¼ piped water, and 
0 otherwise), and water supply damaged by 2010 flood (1 ¼ yes; and 0, 
otherwise). 

3. Results and discussion 

3.1. Descriptive statistics 

The descriptive statistics of the selected variables used in the current 
research study are presented in Table 1. The majority of the sample 

respondents were male (81%) as the region is highly male dominated 
and, under strong local customs and traditions, females are not allowed 
to interact with male strangers [8]. The average respondent’s age was 
37.52, respondents had an average of 6.5 years of schooling and the 

Fig. 1. Sampling framework of the study (Authors’ own construction).  

Fig. 2. Incidence-severity risk matrix (adapted from Ullah et al. [59]).  

Table 1 
Descriptive statistics of the selected variables.  

S. 
No. 

Variable Description Mean SD 

HH Flood vulnerability 
1 Risk of Flood 1, if the risk score is above 

5 and 0, otherwise 
0.81 0.39 

HH Socio Economic and Demographic attributes 
2 Gender 1 ¼Male; and 0, 

otherwise 
0.81 0.39 

3 Age HH age in years 37.52 15.85 
4 Education HH years of schooling 6.5 5.80 
5 Family size HH total number of 

family members in the 
household 

6.43 3.13 

6 Monthly income HH monthly income in 
PKR 

14991.95 12356.74 

7 Multiple livelihood 
sources 

1 ¼ yes; and 0, otherwise 0.12 0.32 

8 Building materials 1 ¼ RCC; and 0, otherwise 0.32 0.33 
9 Past flood 

experience 
1 ¼ yes and 0, otherwise 0.77 0.42 

10 House ownership 1 ¼ owner; and 0, 
otherwise 

0.81 0.40 

11 Social network 1 ¼ affiliation; and 0, 
otherwise 

0.74 0.44 

HH Health Vulnerability 
12 Access to health 

facilities 
1 ¼ yes; and 0, otherwise 0.50 0.50 

13 Type of latrine 1 ¼ septic tank; and 0, 
otherwise 

0.45 0.50 

14 Access to health 
information 

1 ¼ yes; and 0, otherwise 0.44 0.50 

15 Distance from the 
nearest health 
facility 

1 ¼ >30 min; and 0, 
otherwise 

0.77 0.42 

16 Health facility 
impacted by 2010 
flood 

1 ¼ yes; and 0, otherwise 0.89 0.32 

17 Water supply 
damaged by the 
2010 flood 

1 ¼ yes; and 0, otherwise 0.69 0.42 

Source: Derived from the survey results: 2018 
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average family size was 6.43. The average household monthly income 
was 14,991.95 PKR.1 An average of 12% of the respondents had multiple 
livelihood sources, and 32% (on average) had houses constructed with 
reinforced materials (RCC). More than three quarters (77%) of re-
spondents reported having had past flood experience: 81% owned their 
houses and 74% said that they had an affiliation with local 
community-based organizations (CBO). The study revealed that the 
households’ health vulnerability varied significantly. Table 1 shows that 
50% of household had access to health facilities such as Basic Health 
Units (BHU) and Rural Health Centers (RHC) and almost half (45%) had 
latrines connected to septic tanks. A similar proportion (44%) had access 
to health information provided by the government and NGOs and more 
than three quarters (77%) reported that they needed to travel more than 
half an hour to reach to local health facilities if they required emergency 
medical assistance. Eighty-nine percent of respondents reported that 
their local health facilities were impacted by the disastrous flood in 2010 
and 69% that the flood impacted their water supply. 

3.2. Factors affecting household vulnerability to flood-induced health 
risks 

It is important to ensure that households in disaster prone areas of KP 
province are ready to deal with different kinds of natural disaster im-
pacts, including floods and the health risks they can create. A prereq-
uisite in achieving this aim is to conduct a vulnerability assessment of 
disaster prone communities in order to understand the local context, 
people’s perceptions, knowledge, and ability and to participate in sus-
tainable disaster risk management strategies [62]. To answer the study 
objective mentioned earlier in this paper, we discuss the study’s results 
in terms of important attributes that could influence flood induced 
household vulnerability and health risks in Khyber Pakhtunkhwa 
province by using logistic regression model analysis as illustrated in 
Table 2. 

3.2.1. Gender 
Gender outlines the social worlds within which climate induced 

natural disasters occur [63]. The coefficient of gender illustrated in 
Table 2 has a negative but significant effect on flood vulnerability. The 
main reason behind this could be the fact that females take the primary 
role as care givers for children and older family members and this could 
lead them to compromise their own safety during climate induced nat-
ural disasters such as flood. Similarly, female household heads are more 
exposed to flood induced health threats as a result of patriarchy and the 
unequal distribution of opportunities that it gives rise to Ref. [64]. Some 
scholarly evidence [28] showed that gender has no significant effect on 
flood vulnerability, and that households in disaster prone areas are the 
most subject to higher aggregate risks. 

3.2.2. Age 
Age is another important determinant of vulnerability as the ca-

pacities of individuals to deal with disaster risk are strongly age-related 
and need to be improved [65]. Studies have shown that senior citizens 
and youth (i.e. those older than 65 years [66] and younger than 18 years 
[50]) are more susceptible to the health risks posed by natural disasters, 
such as floods as compared to the working age adults [67]. Our research 
confirms that age is significantly positively related to vulnerability to the 
health risks posed by floods (Table 2) and that household with older 
heads are more vulnerable than those with younger heads. Possible 
reasons could be their physical weakness due to physiologic changes 
[68], nutritional deficiencies [69], and weak immune systems (they 
need more assistance during and after flood disasters). These results are 
in agreement with the findings of other studies [33], which have found 

that aged people are hindered by their age and tend to be more (socially 
and economically) fragile and less able to respond swiftly to natural 
disasters. 

3.2.3. Education 
Education is also an important variable in determining social 

vulnerability as education enhances individual resilience in dealing with 
disaster risks [70]. Our study found the coefficient of education to have a 
significant negative effect on flood vulnerability. This might be because 
literate people have more individual capacity to access updated infor-
mation that enables them to identify problems, appropriate solutions 
and have more skill and confidence in executing and communicating 
their ideas. By contrast those with a lower level of education are likely to 
be poorer, under (or un) employed, marginalized and lacking in 
self-confidence and capacity [71]. Low income groups are particularly at 
risk of natural disasters in that they are more likely to live in high risk 
areas and because the cost of repairing damage, reconstruction or 
relocation are likely to be proportionately greater for them [72]. Our 
study results support those of other studies [31,73], which show that 
people with a lower level of education (expressed with fewer years of 
formal schooling) are more vulnerable to natural or man-made disasters. 

3.2.4. Family size 
Family size is an essential attribute of social vulnerability and can 

effect, both positively and negatively a household’s adaptive capacity to 
disaster risks [8]. In this study, the coefficient of family size has a sig-
nificant positive relationship with the flood vulnerability. This might be 
because a large family might experience greater chances of disease 
transmission or and more competition over limited available resources, 
or they might have less savings to meet emergency needs during or after 
a disaster. Our findings about the family size coefficient are consistent 
with the results of other studies [74], which report that families with 
many individuals are more vulnerable to disaster risks due to their weak 
financial condition as a consequence of their lower spending power and 
reduced ability to purchase basics such as education, food, and health 
care. 

3.2.5. Monthly income 
In disaster prone communities, individual or household economic 

Table 2 
Factors affecting flood-induced household vulnerability and health risks.  

S. 
No 

Variable Co-efficient Standard 
error 

P>|z| 

1 Gender � 0.8872454 0.3934161 0.024 
2 Age 0.0143651 0.0093921 0.023 
3 Education � 0.0118487 0.0259412 0.013 
4 Family size 0.0197763 0.0482254 0.682 
5 Monthly income � 0.0000797 0.0000122 0.000 
6 Multiple livelihood sources � 001.23913 00.729442 0.089 
7 Building material � 03.681123 0.6941153 0.000 
8 Past flood experience 0.6249782 0.3641008 0.086 
9 House ownership 0.6348487 0.3356129 0.059 
10 Social networks � 0.4812483 0.4158999 0.031 
11 Access to health facilities � 0.7190964 0.3732116 0.054 
12 Type of latrine � 0.5569267 0.3799025 0.003 
13 Access to information � 01.488866 0.388643 0.000 
14 Distance from the nearest health 

facility 
� 0.7447364 0.345852 0.031 

15 Health facilities impacted by 
2010 flood 

02.953625 0.7462731 0.000 

16 Damaged water supply 
infrastructure 

0.8513204 0.3318805 0.010  

_constant 07.429326 1.108675 0.000 

Number of obs ¼ 600. 
LR chi2(16) ¼ 198.99. 
Prob > chi2 ¼ 0.0000. 
Pseudo R2 ¼ 0.3410. 
Log likelihood ¼ � 192.24007. 

1 PKR is abbreviation for Pakistani Rupee, 1 PKR is approximately equal to 
0.01 USD. 
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status plays a very important role in adaptive capacity in dealing with 
natural disasters [8]. The coefficient of household head monthly in-
come, presented in Table 2, has a significant positive relationship with 
flood vulnerability. Households with a higher income level can more 
readily protect their families from the impacts of any disaster [75] and 
an increase in the monthly income of households significantly reduces 
vulnerability, flood-induced health risks and the severity of their con-
sequences. Messner and Meyer [76] also identify that income levels not 
only affect individual households the resilience or vulnerability of a 
community as a whole. Our results are once again in agreement with the 
findings of other studies [7,33,71], which reported that higher level 
income groups respond more quickly and have more adaptation strate-
gies at their disposal to mitigate against disaster risks. 

3.2.6. Multiple livelihood sources 
The coefficient of the household head having multiple sources of 

livelihoods (Table 2) has a significant negative relationship with flood 
vulnerability. Households with multiple livelihood sources are less 
vulnerable and more resilient to flood disaster as they have a diversified 
income, through different sources, that increase their financial resources 
and savings. These savings can be used to spend more on basic educa-
tion, health, and food that reduce household vulnerability. It is evident 
from the literature that the type of economic activities also has a great 
influence on the socio-economic and demographic status of households 
by determining their net income. Employment is a critical indicator that 
influences household resilience/vulnerability to disaster impacts [16]. 
Our results are in line with other studies [77,78] that have found that 
households with multiple livelihoods or income sources are less 
vulnerable to the impacts of a flood disaster. 

3.2.7. Building materials 
The coefficient of building material, again illustrated in Table 2, also 

has a significant relationship with household flood vulnerability. A 
house constructed with flood resistant materials reinforced cemen 
concrete (RCC) is less vulnerable to flood disaster than one constructed 
with locally available materials (Mud). In our study, the majority of the 
sample respondents live within potential flood zones, as these are the 
cheapest places to acquire land. Financial constraints also mean that 
most of their houses are built with molded earth (Mud) which is less 
resistant to floods and highly vulnerable as they can easily be washed 
away by flood waters. Our results are in agreement with the findings of 
other studies [7,79,80], which found that houses built with molded 
earth (Mud) are more easily destroyed or damaged by a flood disaster. 

3.2.8. Past flood experience 
The personal experience of an individual is defined as a regency, the 

frequency of mortalities, and potential damages experienced as a result 
of the natural disaster [81] while the vicarious experience is felt in the 
context of social communication including hearing and reading about a 
disaster’s multiple negative impacts that have affected friends, relatives 
and community members. An individual’s previous personal experience 
of flood events can go a long way to influencing their flood vulnerability 
[82]. The coefficient of past flood experience shows that it has a sig-
nificant positive effect on people’s vulnerability. This might be 
explained by virtue of the fact that the majority of the sample re-
spondents have experienced serious flood events in the recent past, some 
of which had devastating effects in terms of death tolls, property losses 
and damage to peoples’ livelihoods. This can weaken them physically, 
financially, and psychologically and make them fearful of a repeat event 
as long as they continue to reside in a flood prone area. Our results are 
supported by other studies [7,83–88], which report that previous 
exposure to flood disasters increases the vulnerability of households to 
flood disasters. 

3.2.9. House ownership 
Home ownership is another important factor in determining 

household vulnerability to flood disasters. In our analysis, the coefficient 
of house ownership (Table 2) had a positive and significant effect on 
household vulnerability. Household heads who own their own houses 
are more vulnerable to the effects of flooding. The main reason for this 
might be that house owners take more responsibility for investing in 
flood resistant structures and adopting flood preventive measures to 
increase their resilience in response to flood disasters than households 
living in rented houses [7,89,90]. House ownership though reflect a 
stronger asset base however it tends to be associated with increased 
vulnerability as the owners find it hard to reallocate to safer areas 
compared to tenants who have flexible relocation plans when a disaster 
struck. These findings are in line with other studies [91,92], which 
found that house owners are more likely to invest in structural im-
provements to mitigate against future flood damage. 

3.2.10. Social networks 
Social networks are another crucial attribute that effect households’ 

susceptibility to the impacts of natural disasters. These play a role in 
enhancing the capacity of an individual or group to cope with adverse 
flood impacts in the short run and to adapt to such effects in the longer 
term [93]. In this study, the coefficient of social networks has a negative 
and statistically significant effect on flood vulnerability. Disaster prone 
communities can increase their capacity to cope with emergencies by 
using social networks to bring together peoples’ emotional, social, and 
economic resources. Such social capital builds on and enhances the 
norms, mutual trust, and can create a strong social network [94]. 

3.2.11. Access to health facilities 
The coefficient of access to health facilities also shows a significant 

relationship with flood vulnerability, although this relationship is 
negatively associated. A large number of sampled respondents did not 
have access to health facilities at the local level as a result of the majority 
of the local health facilities having been damaged by the 2010 flood (and 
not subsequently repaired) or their houses being isolated. The sample 
respondents reported that very many health facilities, including BHUs 
and RHCs, were either not functional or were lacking the basic first aid 
facilities which would be required during an emergency situation. The 
findings of this study are in agreement with the results of Arbaiah et al. 
[95], who also found that the inaccessibility of health facilities increases 
vulnerability to the impacts of floods. 

3.2.12. Type of latrine 
The coefficient of the types of latrine also shows a significant and 

negative relationship with flood vulnerability. Human waste is a major 
potential source of public health risks following a flood disaster. The 
majority of respondents in our survey use pit latrines which can easily 
overflow after a flood creating outbreaks of contagious diseases. 
Further, many sample respondents reported that their pit latrines are in 
a poor state of repair, and a potential cause of cholera, which could put 
vulnerable groups such as women, children and elderly people more at 
risk in the event of a flood. 

3.2.13. Access to information 
We found that access to health information also had a significant 

negative relationship with flood vulnerability. This is logical since 
updated and timely information will allow households to safeguard 
themselves from the adverse impacts of a natural disaster, thereby 
reducing their vulnerability. These findings are in line with results of 
other studies [8] which found that households’ access to information 
can provide social safety nets against disaster risks and reduce vulner-
ability in disaster prone communities. 

3.2.14. Distance from the nearest health facility 
We used the household head’s walking time to the nearest primary 

health facilities as a further determinant of households’ health vulner-
ability. This also showed a significant negative relationship with flood 
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vulnerability. Our survey showed that the majority of respondents live 
more than half an hour’s walk away from the nearest health facility. 
Here we took the walking time of an able bodied person as the baseline, 
but children, pregnant women and elderly people would experience 
more barriers in terms of accessibility as it would take them longer to 
make such a journey and they would probably need to be accompanied 
by an able bodied (male) person. It goes without saying that greater 
access and more proximate health care services reduce the chances of 
infant and maternal mortality rates [96]. 

3.2.15. Health facilities affected by 2010 flood 
In disaster prone communities, health facilities are public assets that 

play a crucial role in providing health services. One of the significant 
adverse impacts of flood disaster is the disruption of health services 
through direct damage to their structure or by indirectly affecting the 
accessibility and support systems (logistics, communications and/or 
power) [97,98]. In this study, the coefficient of health facilities damaged 
by the 2010 flood had a significant positive relationship with flood 
vulnerability. Communities that had more health facilities damaged by 
the flood were more vulnerable. In both districts, the majority of the 
respondents would rely on primary health care facilities (including 
BHUs, and RHCs) in the case of a disaster situation. However, the 2010 
flood damaged many local primary health care services and impaired 
their functioning, increasing public health risks in any future 
inundation. 

3.2.16. Damaged water supply infrastructure 
Finally, access to an improved water source, one that is constructed 

in such a way as to prevent contamination by fecal matter, was also 
shown to have a significant positive relationship with flood vulnera-
bility. Many respondents in our survey reported that their water supply 
infrastructure was damaged in the previous flood disaster and had not 
yet been fully repaired. This would increase a household’s difficulties in 
accessing safe, clean drinking water, especially in any future flood in-
cidents, which could disrupt the existing water supply arrangements. 
Many respondents reported that the majority of the government’s water 
supply schemes (pipe lines) failed to provide clean drinking water and 
that proper monitoring systems were not in place to check the quality of 
the water supplied. These pipelines were often not adequately main-
tained and they were considered to pose a potentially significant threat 
to human health especially at times of flooding when drinking water 
could more easily be contaminated (by fecal matter) increasing house-
holds’ health risks. 

4. Conclusions and policy implications 

This study used household-level field survey data collected from two 
severely affected districts of Khyber Pakhtunkhwa (Charsadda and 
Nowshera) to assess the factors that contribute to household vulnera-
bility to the effects of floods and their associated health risks in Pakistan. 
The findings of this study strongly suggest that women, poor, and un-
educated are most vulnerable to floods. Gender, poverty, and education 
are interrelated and they also have indirect effects on vulnerability 
through other socio-economic characteristics. For instance, poor 
households live in poorly constructed houses and they live in disaster- 
prone locations due to the low cost of land. The locations of these 
houses are usually far from basic health units and schools which directly 
affects their access to basic health and education. As a result, the rela-
tionship between poverty and vulnerability is amplified through indirect 
channels. 

Education plays a crucial role in reducing flood-induced vulnera-
bility and the health risks experienced by local people. Policymakers 
should invest in communication strategies to increase the risk percep-
tion of the population as higher perceived risk is strongly correlated with 
the likelihood of taking preventive measures. Previous research has 
shown that education is necessary for effective communication of flood 

risks as educated individuals are more likely to take safety precautions 
seriously [99]. The negative correlation between education vulnera-
bility in the present study shows the importance of a well-educated 
community in designing disaster mitigating strategies. The educated 
population, especially women, are more likely to understand and 
implement the suggestions provided by the disaster management in-
stitutions. Moreover, in addition to improving access to education, the 
policy should also put extra effort into meeting the needs of the 
under-educated population as they are relatively more vulnerable than 
their educated counterparts. The uneducated women living in poor 
households are particularly vulnerable to disasters and they should be 
the priority of interventions aimed at reducing vulnerability. The results 
also show that access to adequate water and sanitation infrastructure 
reduces vulnerability to floods as contaminated water and inadequate 
disposal of fecal matter enable the fecal-oral route which leads to several 
health risks. The results indicate that piped water and septic tanks are 
relatively safer than other available options and investments in these 
two technologies can reduce the vulnerability of the households 
involved. 

In Pakistan, and particularly in Khyber Pakhtunkhwa province, the 
community system is very strong which is why policies on reducing 
vulnerabilities should put a strong emphasis on social acceptability. 
Closely knitted communities provide a great opportunity for the poli-
cymakers to exploit potential spillover effects of even small to medium 
scale interventions. Individuals are more likely to respond to a strategy if 
someone in their close family has already done it [100]. It becomes quite 
evident from the analysis that training and capacity building of the 
service providers as well as community-based organizations is necessary 
to reduce the vulnerability to floods and that the interventions related to 
the reduction in vulnerability should follow a multi-sector approach. 
Proper mapping of the existing resources available to the public is 
required and it should be shared with every household so that everyone 
is aware of their options when the flood arrives. Moreover, a clear 
assignment of responsibilities is necessary so that the system starts 
operating the moment it faces the challenges associated with the flood in 
the future. Access to health centers is crucial, however, the capacity and 
efficiency of the health centers need significant improvement. Besides, 
as identified by this study, the potential causes of health risks in the 
study areas are complex and beyond the capacity of the health sector to 
resolve alone. So, any action to minimize household health risks will 
require an integrated multi-sector approach that would increase effi-
ciency through multiple arms of policy. Finally, and perhaps most 
importantly, there is a need to build trust between the community and 
the government. When people trust the government, they tend to 
respond positively to the measures taken by the government [99]. No 
policy measure is likely to succeed in the presence of a trust deficit. 
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