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Abstract: Rural areas are highly vulnerable to floods due to limited social, economic, and physical
resources. Understanding rural vulnerability is vital for developing effective disaster risk reduction
strategies. Even though rural areas and cities are intrinsically linked, rural vulnerability was
assessed without considering its relation to cities. Numerous theoretical frameworks on systemizing
and assessing vulnerability were developed with varying level of scope and depth in terms of
scale, dimensions, and components. Nevertheless, these frameworks did not explicitly mention
the impact of flood or other hazards on the linkages between spatial units i.e., rural and urban. This
study aims to understand and conceptualize the rural vulnerability with respect to the dynamics
of rural-urban linkages in the case of flood events. To do so, current literature on rural-urban
linkages, vulnerability, as well as factors that influence them were critically reviewed. Taking into
account the main elements of rural-urban linkages (flow of people, information, finances, goods and
services), components of vulnerability (exposure, susceptibility, and capacity), and factors (social,
economic, institutional, infrastructural, spatial, and environmental), a unified framework is proposed.
The framework underscores that the role of rural-urban linkages is essential to fully understand
rural flood vulnerability. Moreover, the framework highlights the role of spatial factors—city size
and proximity to the city—as crucial to comprehend rural vulnerability. This framework can be
used as a tool for understanding multifaceted rural vulnerability for climate change adaptation
and disaster risk reduction considering spatial development perspective. In this context, empirical
investigations can be made to validate the proposed framework and policies can be introduced
accordingly. Overall, the proposed framework can help recognize concepts and links of vulnerability,
rural-urban dependencies, and rural development dynamics.

Keywords: disaster risk; holistic approach; rural-urban relationships; regional development;
vulnerability dynamics; rural flooding

1. Introduction

Flood events have become more frequent and climate change will further increase the intensity
and magnitude of such events [1]. Regions in the world are exposed to different types of floods.
In Asia and Africa, impacts of riverine flooding are most devastating, whereas flash flooding
played havoc in American continents [2]. Coastal and pluvial flooding and their destructive
impacts have become a global issue. Flood impacts resulting from changing climate, along with
socioeconomic processes, have significantly revealed the vulnerability of human and ecological
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systems [3]. Vulnerability of these systems does not depend on flood hazards (natural phenomenon) but
on location-specific social, economic, demographic, cultural, political, and environmental features [4,5].
In this context, vulnerability in Asian, African, and South-American countries is highly associated
with economic, physical, and institutional aspects [6-12], while in European and North-American
countries, vulnerability is lower due to better infrastructural, governance, and technological setup.
Thus, low income and developing regions are more vulnerable to floods due to limited economic and
institutional resources to cope and adapt [13,14]. Similarly, rural and urban (in this research term
“urban area” and “city” are used interchangeably) areas possess varied vulnerability, where the former
is deemed more vulnerable [15,16]. This can be attributed to the fact that rural areas are characterized
by high poverty, greater dependency on agriculture, limited access to services, inadequate physical
infrastructure, and limited attention by government authorities [17,18]. These, in turn, characterizes
a lesser degree of preparedness and fewer coping mechanisms to weather or climate-related events like
floods [19]. In this context, rural vulnerability must be accounted for developing flood risk reduction
strategies for larger regions.

Over 90% of the world’s rural population lives in less developed regions [20]. Rural
settlements in these regions are usually undersupplied and underdeveloped [21]. Nevertheless,
rural areas are undergoing rapid demographic, economic, and governance changes due to rural-urban
interdependencies [18]. Rural areas depend on cities, as it provides employment, health, education,
emergency services, markets, and information to the rural population. Similarly, cities depend on
rural areas for labor, food, and other ecological services [22]. There is a general consensus but limited
evidence that these complex dependencies and linkages may be affected due to the impacts of weather
or climatic events and can influence the vulnerability of rural households [18,23].

Vulnerability assessment in the face of hazards, disasters, and climate change has emerged
as a significant research field and is an integral part of risk assessment [4]. Several theoretical
frameworks for vulnerability assessment were developed with different scales (local, national, global),
components (exposure, susceptibility/sensitivity, capacity), and dimensions (social, economic, physical,
environmental, institutional) depending on the research fields (for example [3,4,24-31]). Multiple
studies were conducted to assess rural flood vulnerability incorporating exposure, susceptibility, and
capacity components, for example in Romania [32], Ghana [6], South Africa [33], Mozambique [34],
Vietnam [8], India [10], Pakistan [11], and Bangladesh [35]. However, none of the frameworks
or assessment studies clearly revealed the impact of the rural floods or other rural hazards on
the interaction/linkages between spatial units (rural and urban) and its influences on the vulnerability.
Although these linkages have been generally discussed in the field of disaster risk reduction and climate
change adaptation, they have not been theoretically framed together (see for example [18,23,36-38]).

Spatial and regional development theories have acknowledged linkages between rural and urban
areas on the basis of social, economic, and physical development of rural areas (see for example, [39-45]).
Srivastava and Shaw [46] emphasized that rural-urban linkages should not only be considered from
spatial development perspectives but also how these linkages behave in the case of a flood or other
hazard situation. Moreover, several international commitments have called to understand vulnerability
from a holistic perspective. Sendai Framework for Disaster Risk Reduction (SFDRR) is a 15 years
non-binding agreement with seven targets and four priorities. It aims to reduce disaster risk and losses
through shared responsibilities of all stakeholders from the national to local level [47]. Understanding
risk in all its dimensions is priority 1 in the SFDRR [47]. Sustainable Development Goals (SDGs)
11 calls for safe and resilient human settlements, and a target of goal 13 calls to strengthen resilience
and adaptive capacity to hazards [48]. This requires a comprehensive vulnerability assessment, where
urban and rural areas are not only studied in isolation but also how these areas are linked socially,
economically, and physically, and must be accounted together for devising strategies for reducing
overall vulnerability. In addition, United Nations Human Settlements Programme (UN-Habitat) ‘new
urban agenda’ has also called for integrated initiatives where disaster risk, climate change, and spatial
and territorial planning should be harmonized. It has also called for strengthening rural-urban linkages,



Sustainability 2020, 12, 2894 3 of 25

especially in the face of hazards and disasters [49,50]. The Intergovernmental Panel on Climate Change
(IPCC) Fifth Assessment Report (AR5) also acknowledged that understanding rural-urban linkages
and their management in the face of climate change impacts should be a relevant area of research [18].
Thus, rural vulnerability needs to be filtered from the perspective of rural-urban linkages in the case of
a flood or other hazardous event.

Against the aforementioned background, it is imperative to understand rural-urban linkages in
the face of hazards and vulnerability. Therefore, this paper aims to develop a unified framework in
order to assess how rural-urban linkages modify in a situation of a flood event in rural areas and
how it affects the vulnerability of its residents. The proposed framework incorporates theoretical
perspective on vulnerability and rural-urban linkages. Moreover, factors that determine variation
in vulnerability, as well as linkages, are discussed. Vulnerability is explained in terms of exposure,
susceptibility, and capacity to flood events, whereas rural-urban linkages are defined as the flow of
people, information, finance, and services. Factors that influence vulnerability and linkages include
social, economic, institutional, infrastructural, spatial, and environmental aspects. Collectively, they
define rural flood vulnerability. Besides, it ascertains the dynamics of rural-urban linkages in flooding
conditions and its role in influencing rural vulnerability. The framework mainly emphases on low
income and developing regions and focuses at the local level on flood-prone rural areas.

2. Theoretical and Conceptual Perspectives on Rural-Urban Linkages and Hazard Vulnerability

The paper is based on an extensive literature review. A systematic scrutiny of peer-reviewed papers
and books on the topic of vulnerability, regional development, and rural-urban linkages was carried
out in three phases. In the first phase, conceptual frameworks of vulnerability and its assessment from
the perspective of climate change and disasters were shortlisted. In the second phase, theoretical studies
on rural-urban linkages, in the context of regional/rural planning and development were searched.
Lastly, screening of empirical studies on flood hazard, vulnerability assessment, rural-urban linkages,
and rural development was conducted. Five databases including Scopus, ScienceDirect, Web of Science,
SpringerLink, and Google Scholar were searched. In addition, multiple authentic sources, for example,
published reports, dissertations, and newspaper articles were also examined. Keywords used in three
phases of searching the literature include ‘flood hazard’, ‘flood vulnerability’, ‘vulnerability assessment
frameworks’, ‘regional development theories’, ‘rural-urban linkages’, ‘rural-urban interdependencies’,
‘development disparities’, and ‘developing countries’. Overall, various combination of these keywords
yielded more than six hundred matches. Initially, irrelevant and duplicate publications were excluded
based on their titles. Further, the abstracts of the remaining articles were reviewed and prioritized
based on the objective of the research. Considering these screening criteria, around one hundred
publications were selected for analysis. This literature analysis resulted in linking various aspects of
rural-urban linkages, vulnerability, as well as associated factors under the umbrella of flood hazards in
order to develop the proposed framework. The following sections provide the definitions, concepts, as
well as key elements and components of rural-urban linkages and hazard vulnerability.

2.1. Rural-Urban Linkages

The distinction between rural and urban areas is described by many criteria, but there is no general
definition available. Rural and urban areas defined based on one or a combination of demographic,
economic, infrastructure, and administrative factors [51]. Within these factors, population size and
density, the predominant type of economic activity, conformity with legal and administrative status,
as well as specific services and facilities are prominent criteria to define rural and urban areas [52].
In many Latin American countries, a population threshold of 2000 or 2500 is used to define urban
areas [53]. In South Asian countries—Pakistan, Sri Lanka, Nepal—areas having administrative institutes
(municipalities, councils, committees) are declared as urban [52]. Moreover, many African countries
define urban with respect to administrative, demographic, and infrastructure characteristics [53].Urban
areas can also be referred to a city or a town. In this context, rural areas are considered as inverse of
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urban areas or cities i.e., residual or relative category [54]. Consequently, low population and housing
density, high dependence on natural resources for livelihood, limited infrastructure, and social services
can characterize rural areas. Although the dichotomy exists between characteristics of rural and urban
areas, they are essentially related.

2.1.1. Theories and Concepts Correspond to Rural-Urban Linkages

The evolution of relationships or linkages between urban areas/cities and its hinterland resides
in spatial and regional development theories. These theories indicate how a city can influence
the development of its surrounding rural settlements. Von Thunen’s model of agriculture land uses
suggested that land rent and transportation cost define the economic activity in the hinterland of a city.
Thus, specialization of economic activity in rural areas was based on the distance to the central city [55].
Christaller’s central place theory explained the distribution of central places (cities) of different sizes
on which their hinterland depend for various services and facilities [56]. It suggests that cities of
different sizes can have varied linkages with its rural hinterland, depending upon the type of goods and
services as well as spatial proximity to those services. The growth pole model [57] and core-periphery
model [58] explained that core areas/cities are the heart of economic activities, whereas periphery/rural
areas deliver resources in the form of labor, goods etc. Both theories depicted that core dominates,
whereas the periphery is dependent [57,58]. This dependence is structured through the relations of
exchange between core and periphery. The virtuous cycle model presented how the flow of people,
goods, information, and finances between rural and urban areas led to the development of rural areas
and their residents [59]. The model includes the spatial dimension by stressing proximity to cities in
providing income opportunities and services. The concept of the urban ecological footprint suggests
that cities need a larger area than their actual size on which their inhabitants depend for food, natural
resources, and absorption of carbon [60,61]. This dependence on food and other natural resources
is primarily fulfilled by the rural area and hence demonstrate rural-urban linkages. These theories
indicated that rural and urban areas are intrinsically linked. The dominant features in these theories
were the size of and proximity to cores/cities for the linkages between rural settlements and cities.
However, several other socioeconomic, institutional, infrastructural, spatial, and environmental factors
affect these linkages.

2.1.2. Typologies of Rural-Urban Linkages

The links between urban and rural areas are identified as of four different types. These are
understood as flows of people, information, finances, goods and services [41]. There is a trade-off
between rural and urban areas since urban areas depend on rural resources (food, labor, and other) and
urban services are vital for rural communities [53]. These linkages are depicted in Figure 1. The flow
of people indicates human mobility between rural and urban areas. Human mobility mainly concerns
rural areas and is defined as “one response to the uneven spatial dispersal of resources, including
natural resources, markets, and employment opportunities” [62]. Mobility takes several forms, for
example, temporary, permanent, circular migration, and commuting. The flow of information and
ideas represents information exchanges between rural and urban areas regarding population needs, job
opportunities, market status, innovations, and new technologies for increased agriculture production,
lifestyles, and many other things [21]. Financial flows can be categorized into three types: i) formal,
institutional; ii) informal and; iii) investment by government and aid agencies [41]. First, formal
flows include micro-credit schemes to economically active poor households from the formal financial
institutes such as banks. Second, the informal exchange of finances involves remittance, taking loans
from moneylenders, landlords, or relatives. Third is in the form of investments by urban-based
government and aid agencies in the human, socioeconomic, and physical development of rural
areas [41]. Transaction of goods and services is one of the most important elements of rural-urban
linkages. Cities depend on rural resources, for example, agriculture products, water, and others [22].
Rural inhabitants buy durable and non-durable goods for household use as well as to enhance
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production. Agriculture input, tools, building material, and household items are a few examples of
goods needed by rural settlements [39]. In terms of services, urban areas provide education, health,
and emergency services as well as offer rural households several off-farm opportunities for livelihood
diversification [63]. Such flows modify the social, economic, and physical landscape in rural areas.
However, these linkages differ from location to location depending on the rural development efforts
made to upgrade them. Rural-urban linkages are not autonomous, rather overlap and are closely
interlinked since migration flows towards cities are amplified by the increased flow of information to
rural settlements on employment prospects that augment the financial flows from cities. For example,
off-farm livelihood in cities results in remittances which tends to be used for increasing agriculture
production, improving lifestyle, and sending additional household members to urban areas [39,42].
Moreover, better information services on market demand and trends increase the wellbeing of rural
entrepreneurs [45]. However, these linkages, if properly understood, are important for framing
development policies and are vital in poverty and social vulnerability reduction.
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Figure 1. Linkages between rural and urban areas.

2.2. Vulnerability

The term vulnerability comes from the Latin word “vulnerare” which means ‘to wound’. It
indicates the fragility of living and non-living things [64]. The concept has been widely used in
the discourse of geographic development and poverty, human ecology, hazard and disaster risk
reduction research, as well as climate change adaptation dissertation [65]. Various fields of studies
have used the notion according to their applicability, and therefore the conceptual understanding
of vulnerability has multiple schools of thought, contexts, dimensions, and professions, which has
resulted in numerous definitions and interpretations [65]. Human geography and human ecology
have, in particular, theorized vulnerability to environmental change [66]. In the field of disaster risk
science, early perspective on vulnerability was in the context of physical resistance of engineering
structures. Later, it was viewed as the characteristic of social and environmental processes [36]. Thus,
vulnerability has become an important concept in both disaster risk reduction and climate change
adaptation research.
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2.2.1. Definitions

Various definitions of vulnerability suggest different views on the concept, which may lead to
specific priorities in the assessments [65]. A few definitions—both from the perspective of hazard and
disaster as well as climate change research—are presented in Table 1. There are several advancements
in defining vulnerability with time. Vulnerability was seen as possible losses from a hazard event
and mainly focused on individuals. Later, it looked at the socioeconomic characteristic of individual
and communities exposed to and affected by hazard or climate change. In the last two decades,
the definition of vulnerability has become more system-oriented, not only considering human but also
social, economic, physical, and environmental systems and their characteristics. Vulnerability is seen
as a function of exposure, susceptibility/sensitivity, and capacity of a system. Moreover, the definitions
suggest that the understanding of vulnerability is quite similar, both in hazard and climate change
tields. However, IPCC AR5 defined vulnerability in terms of susceptibility and lack of capacities while
considering exposure as a separate factor. Nonetheless, the majority consider exposure, susceptibility,

and capacity as components of vulnerability (see Figure 2).

Table 1. Development of vulnerability definitions from the context of hazard, disaster risk, environment,

and climate change.

Source

Definitions

Vulnerability is Defined as

Context

Mitchell (1989) [67]

“ ... potential of loss”

Hazard and disaster

risk
“ ... the likelihood that an individual or group will ~ Hazard and disaster
Cutter (1993) [68] be exposed to and adversely affected by a hazard” risk

Blaikie et al. (1994) [69]

“ ... the characteristic of person or group and their
situation that influences their capacity to anticipate,

Hazard and disaster

cope with, resist and recover from the impact of risk
anatural hazard”
“ ... the exposure of individuals or collective
Adger (1999) [70] groups to livelihood stress as a result of the impacts Climate Change
of climate change and related climatic extremes”
“ ... the degree to .w}.lich a system,‘subsystem, or Both hazard/disaster
Turner et al. (2003) [27] system component is likely to experience harm due risk and global

to exposure to a hazard, either a perturbation or
stress stressor”
... the state of susceptibility to harm from

environmental change

; . . Both hazard/disaster
exposure to stresses associated with environmental . .
Adger (2006) [66] . . risk and climate
and social change and from the absence of capacity
” change
to adapt
“ ... degree to which a system is susceptible to, or
unable to cope with, adverse effects of climate
Intergovernmental Panel  change, including climate variability and extremes.
on Climate Change IPCC Vulnerability is a function of the character, Climate Change

(2007) [71]

United Nations Office for
Disaster Risk Reduction

magnitude, and rate of climate change and
variation to which a system is exposed, its
sensitivity, and its adaptive capacity”
“ ... the characteristics and circumstances of
a community, system or asset that make it

Hazard and disaster

UNDRR (2009) [72] susceptible to the damaging effects of a hazard” risk
“ ... the propensity and predisposition to be
Intergovernmental Panel adversely affected. Vulnerability encompasses
on Climate Change IPCC a variety of concepts and elements including Climate Change

(2014) [3]

sensitivity or susceptibility to harm and lack of
capacity to cope and adapt”
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Figure 2. Components of vulnerability.

2.2.2. Components

Exposure can be defined as the duration and extent of the system’s interaction with
the disturbance [66]. Birkmann et al. [4] explained it as “the extent to which a unit of assessment
falls within the geographical range of a hazard event”. Exposure encompasses physical features of
society (infrastructure, buildings), economic systems (livelihoods), as well as human and social systems
(people, cultures, values) that are spatially restricted to particular resources and practices that may also
be exposed and can be affected by the potential hazard [4]. Degree of exposure can also be explained by
losses and damages resulting from a hazard [73]. In addition, exposure is influenced by social systems
i.e., processes that lead to danger, for example, social inequalities (exclusion from social networks
population), or incapacity to manage the environment and attain assets [29,74,75]. Hence, exposure
has spatial, temporal, and social aspects.

Susceptibility is one of the central components that explains the degree of vulnerability of exposed
elements. Susceptibility—also termed as sensitivity or fragility—is defined, as the degree to which
a system is modified or affected by hazard or climate variability [66,76]. It is a predisposition of an
element at risk to suffer harm [4]. Susceptibility describes the characteristics and condition of a system
which differentiates the magnitude of impacts for a given exposure [27,31,75]. These characteristics
and conditions mainly refer to social, economic, physical, institutional, and environmental setting
of a system [65]. It mainly corresponds to negative characteristics i.e., deficiencies and problematic
conditions of a system [73] (see Figure 2). However, a community or system significantly exposed and
susceptible to hazard, does not have to be highly vulnerable since capacity influence vulnerability (see
Figure 3).
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Figure 3. Role of the capacity component in influencing vulnerability [77].

Capacity is defined as “the combination of all the strengths, attributes, and resources available
within an organization, community or society to manage and reduce disaster risks and strengthen
resilience” [78]. Capacity is broadly categorized in literature as ‘coping capacity’” and ‘adaptive capacity’
(see Figure 2). Coping capacity refers to “the ability of people, institutions, organizations, and systems,
using available skills, values, beliefs, resources, and opportunities, to address, manage, and overcome
adverse conditions in the short to medium term” [76]. It is considered as an ability to respond to
a hazardous event and just survive [79]. Coping capacity is considered to be present in a community or
system before a hazard [80]. On the other hand, adaptive capacity is the “ability of systems, institutions,
humans, and other organisms to adjust to potential damage, to take advantage of opportunities, or to
respond to consequences” [76]. It is seen as a more long-term adjustment [79]. Thus, adaptive capacity
refers to changing existing practices and behavior considering the past hazardous event. Birkmann et
al. [81] indicated that the impact of a hazardous event leads to several formal and informal changes in
society. Change is viewed as a response to minimize the current and future impacts and corresponds
to capacities to cope and adapt (see Figure 2). It emphasizes that societal changes in response to
the impact of an event influence the vulnerability of a system.

2.2.3. Assessment Frameworks

Different views and concepts on vulnerability resulted in the formulation of several theoretical
models and frameworks [82]. Vulnerability assessment frameworks are used in the development,
disaster risk, and climate change adaptation research. These frameworks are crucial in orientation for
outlining problems, evolving different methods for measuring and assessing vulnerability as well as help
in developing appropriate indicators by focusing on the most relevant factors affecting vulnerability [65].
These frameworks are categorized into three approaches: (a) biophysical, (b) socioeconomic, and (c)
integrated assessment [83,84]. The biophysical approach considers the impact and associated damages
of a hazard event, socioeconomic approach views vulnerability as internal state and structural factors,
whereas integrated assessment considers both approaches [84,85]. Table 2 provides an evaluation of
most commonly used frameworks according to their assessment approach, conceptual understanding
of vulnerability, applicability as per spatial scale, and reflection on the interaction between spatial
units. Most of the frameworks are based on an integrated assessment approach and consider exposure,
susceptibility, and capacity as constituents of vulnerability. Each framework takes into account
the different dimensions required for the assessment of vulnerability. Frameworks like ‘hazard of
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a place model’, ‘sustainable livelihood framework’, and BBC framework are specific, whereas others

are relatively extensive and deal with different spatial levels.

9 of 25

Table 2. Conceptual frameworks with respect to assessment approaches, conceptual understanding of

vulnerability, applicability as per spatial scale, and reflection on the interaction between spatial units.

Interaction
Name of Assessment Conceptualization of Vulnerability Spatial be‘tw een
o . . Spatial Units
Framework Approach Vulnerability Dimensions Scale .
i.e., Rural and
Urban
Combination of .
Hazard of place Integrated biophysical and social Soc1a1,_ Local/place No
model [24] s Geographical
vulnerability
Sustainable Shocks, trends, and Human, Social,
livelihood Socioeconomic seasonality which can be Financial, Local/place No
framework influenced by Physical, P
[25] transforming structures Natural
Function of exposure, Social
Holistic Integrated susceptlblh.t}.z/fraglhty, Economic, Loc.al to No
approach [26] and ability to . national
Physical
cope/recover
Vulnerability in . Coupled
the context of Function of exposure, Local to
- . Integrated e s human and No
socio-ecological sensitivity, and resilience . global
. environment
perspective [27]
Physical
. environment,
The pressure Expla1r}ed by three Local
progressive level: root .
and release Socioeconomic causes Economic, Local to No
(PAR) model . Social relation, global
dynamic pressure and . -
(28] .t Public action
unsafe conditions L
and institutions
1
BBC Function of exposure, Social,
Integrated susceptibility, and Economic, Local/place No
framework [30] . . .
coping capacity Environmental
Second
generation Function of exposure, Local to
vulnerability Integrated sensitivity and adaptive Not specified lobal No
assessment capacity &
framework [31]
Methods for Physical,
the Improvement .
s . Ecological,
of Vulnerability Function of exposure, :
. o Social Local to
Assessment in Integrated susceptibility, and . No
e Economic, global
Europe resilience Cultural
(MOVE) Intuitional
framework [4]
Intergovernmental
Panel on
Climate Consist of susceptibility ~ Environment,
. . . - Local to
Change Socioeconomic  and capacity to cope and Social, No
s {9 global
vulnerability adapt Economic
and risk

framework [3]

1 As specified in the section that deals with “Unsafe Conditions”. 2 As specified in IPCC SREX Report 2012.

The hazard of place model considers the geographical features in addition to others to assess
the vulnerability of places [24]. Turner et al. [27] identified human and environmental conditions at
the center of vulnerability. They explained components of exposure and various responses to hazards
to assess vulnerability. Fiissel et al. [31] maintained that climate change impacts can be explained
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by exposure and susceptibility to climatic and non-climatic factor. Vulnerability is the outcome
because of the interplay of exposure, sensitivity, and adaptive capacity. Birkmann et al. [4] defined
the multiple dimension (physical, ecological, social, economic, cultural, and institutional) based on
which vulnerability of communities differ. In addition, exposure is defined in both spatial and temporal
terms. All the frameworks refer to the characteristic of a particular community, spatial unit, or system
at a place, which is exposed to a natural hazard or climate change. These frameworks also draw
attention to the several elements and linkages (i.e., human and environmental factors) that potentially
affect the vulnerability. However, these frameworks underestimate the role of interaction and linkages
between two systems that can influence the exposure, susceptibility, and capacity of one, which is
hazard prone. For example, how a city influences the vulnerability of surrounding flood-prone rural
settlements since there are several demographic, social, economic, information, infrastructural linkages
between them as defined in Section 2.1. Thus, this study fills this gap by proposing a framework
exclusively for rural-urban linkages.

3. Flood Hazards, Rural-Urban Linkages, and Rural Vulnerability

In developing countries, the rural population depend on cities especially in the post-flood situation
hence, making the rural link with the city a crucial aspect in case of a hazard or disaster situation. This
section delivers information on how various linkages between rural and urban areas can be affected
due to the occurrence of rural flooding and can influence the vulnerability of households. In addition,
this section gives detail on multiple factors that drive linkages and flood vulnerability.

3.1. Rural-Urban Linkages under the Umbrella of Floods Events

3.1.1. People

Flood event in rural areas affect the flow of people and can result in various mobility patterns during
and post-flood situation such as commuting, evacuation, displacement, and migration [86-88]. These
movements in flood-prone rural areas are mainly towards urban areas. Evacuation and displacement
are mostly in the direction of towns and cities since relief activities and camps are concentrated in
and around those areas, for example, in Bangladesh [89], Pakistan [90], and India [91]. People also
migrate for short and long term to cities in the aftermath of a flood event for employment [92]. Apart
from displacement, all these movements are increasingly seen as a coping and adaptation response
to floods [38,93,94]. Contrarily, short and long term migration also offers challenges in the form of
expensive living in cities, getting reasonable jobs, good accommodation, and weaken social cohesion
which may aggravate vulnerability [95,96]. Thus, an actual or potential flood event can modify mobility
patterns of rural communities, which as a result, affect the vulnerability of rural communities.

3.1.2. Information

The flow of information can be instrumental in shaping vulnerability patterns of rural households.
In the case of flood, information on flood warnings is disseminated from cities that can help rural
households prepare for the event. The resulting evacuation alters the exposure of people and their
assets [34]. Information delivery on getting financial aid, building shelter, food distribution, preventing
diseases, and other post-flood welfare activities come from cities [21,97]. Moreover, frequent access to
information following an event on the weather forecast, new seeds and fertilizers, as well as improved
agricultural practices, help rural farmers to change the cropping pattern and adapt accordingly [98].
In short, the flow of information from cities can help a rural household to reduce their exposure,
susceptibilities, and increase capacities against the pre, during, and post-flood situation.

3.1.3. Finance

Financial flows from cities to rural areas are an important aspect that influences vulnerability to
floods. In most of the cases, extreme events and disasters generate resource inflows to affected areas [81],
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particularly in the form of finance. Distribution of financial aid is common to compensate for flood
losses by government and donor agencies [82]. Remittance from rural migrants in cities is important in
sustaining rural households’ livelihoods and becomes imperative during and after a hazardous event
to cope and adapt [99,100]. Moreover, increased credit demand from rural farmers following a flood
can change financial flows. Hence, the occurrence of a flood event stimulates the financial flows from
cities for the redevelopment of rural infrastructure and aids households to recover from a flood event.

3.1.4. Goods and Services

Cities provide various services and goods to rural areas that help them cope, recover, and adapt in
case of a flood event. Cities deliver emergency services for evacuation and relief in case of occurrence
of a flood event and provide avenues to diversify their income [36,38]. Moreover, cities provide various
services like health, credits, agriculture extension, livelihood, and farm management training that help
rural households during and after a flood event [101,102]. In the aftermath of a flood, a city provides
durable and non-durable goods through markets and aid agencies, for example, material for shelter
and house construction, fertilizers, tools and technology, and food items that help rural households
to cope and revive their livelihoods [103,104]. On the contrary, flood impacts can restrict access to
goods and services and hence change dependence on cities. Therefore, the flow of goods and services
from cities to rural areas affects vulnerability to flooding both in the short and long term. Moreover,
the impacts of flooding on rural agricultural production indirectly affect the urban population due to
food shortage or its inflation and can influence urban vulnerability.

Overall, linkages between rural and urban areas influence the vulnerability in the case of flood
events. These flows behave differently than normal in the case of a flood by changing mobility patterns,
intensifying flow of goods, information, and finances. However, various factors are involved that drive
variation, both in linkages and flood vulnerability.

3.2. Driving Factors of Rural-Urban Linkages and Flood Vulnerability

Factors that drive variation in both rural-urban linkages and flood vulnerability are quite similar.
In both fields, these are broadly divided into social, economic, infrastructural, institutional, spatial,
and environmental factors [39,65]. Figure 4 demonstrates the driving factors of rural linkages with
cities and vulnerability to flood events.

DRIVING FACTORS !
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Economic
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| VULNERABILITY /FLOWS 1
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) Changing flows alter vulnerability
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Figure 4. Interconnections of driving factors, rural-urban linkages, and flood vulnerability.
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3.2.1. Social

Social factors represent demography, health, education, possession of skills, and social network.
Demographic aspects such as age, gender, health, and education likely to affect the access to material
assets such as tools, technology, and understanding of the different market process [40,84]. These
demographic aspects also affect mobility patterns [62]. Possession of different skills helps increase
crop production, but rural wellbeing depends on urban areas for the transfer of these skills by
involving nonfarm activities [42]. Social networks are vital in terms of getting market and technology
information [105], migration to cities [106,107], and getting access to credits [108]. In the context of
flood vulnerability, population size reflects exposure to flood [109]. Lianxiao et al. [110] highlighted
that the elderly and children are more susceptible to flood due to decreased strength [110]. Females
are considered susceptible due to limited social networks as well as restricted access to information
and other resources which are resulted from traditional and cultural norms [8,111]. Health status
of household members, for example, physical and mental issues, also influence susceptibility as it
restricts mobility and requires special attention in the case of the flood event [109,112]. Education
level indicates capacity as educated people are well informed on flood issues and better understand
flood warning systems [11,113]. Households with skills can better cope with the floods using their
skills to diversify their livelihoods in Pakistan [9,82]. Scheuer et al. [114] and Boon [115] maintained
that social networks are useful in the case of a hazard event to get information on warnings, help to
move belongings and people to safety, as well as accessing relief and aid items [114,115]. Hence, social
factors influence exposure, susceptibility, and capacity as well as flows between rural and urban areas
(see Figure 4).

3.2.2. Economic

Economic factors represent income level, occupational structures, number of earning members,
access to land and resources, and type of production in agriculture [39,40]. Income level affects
the demand for urban goods and hence alters the interaction between rural and urban settlements [42,59].
The sector of occupation and type of production in which rural households are employed indicates
how it is interacting with cities. For example, if a rural household is involved in dairy farming, then it
can have more intense linkages with the city in terms of mobility to sell dairy products, getting price
information, as well as buying tools, inputs, and medicines for animals. Inequality in income and
resources can modify mobility patterns where people migrate seasonally or permanently to cities in
order to increase their income [42]. In flood vulnerability discourse, households with a low-income
level have limited financial ability to cope and adapt [112,116]. Further, such households find
difficulty in buying basic necessities during and after the flood due to price inflation in Pakistan [103].
The susceptibility of household or community also depends on the occupation in which they are
employed. Farm wage laborers working in flood-prone areas are more susceptible, followed by
farmers [9]. Jamshed et al. [82] highlighted that a flood event can destroy crops and other exposed
financial assets and economically affect such people [82]. However, occupational diversity leading
to multiple income sources increases capacity [117,118]. Bhattacharjee et al. [10] maintained that
vulnerability is also altered by the economic dependency ratio, where a higher number of earning
members expand the capacity of the household. Thus, economic factors drive flows and vulnerability
as depicted in Figure 4.

3.2.3. Institutional

Institutional factors refer to governance and institutional structure [40]. Institutions are mainly
based in cities and regulate flows between rural areas and cities. The presence of local administrative
departments, credit institutions, market cooperatives, and private organizations in cities significantly
alters the social, economic, and physical development of surrounding rural settlements [63]. Institutional
and governance factors are vital in determining flood vulnerability [70]. Laws and regulations as
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well as its enforcement by relevant institutes restrict development in flood-prone areas and reduce
exposure. Rana et al. [9] found that timely dissemination of flood warnings from responsible institutes
also limits exposure of the population and their moveable assets to floods in Pakistan [9]. In case of
a flood event, both formal and informal institutions manage emergency and recovery by carrying
out evacuation operations, provide relief items, and give compensation in form of financial aid,
building materials, seeds, fertilizers, as well as reconstruct rural infrastructure in Brazil, India, and
Bangladesh [82,119-121]. Moreover, these institutions provide training on skill development for
livelihood diversification, disaster awareness programs, extension services on changing cropping
patterns, information of weather and new technologies in the aftermath of flood hazards [98,104].
Credit institutions provide loans and allow remittance flows during and after a flood event for a revival
of livelihoods. All these aspects reduce exposure and susceptibility and increase capacity. However, all
these activities depend on the type of institutions and their abilities that drive linkages and the level
of vulnerability.

3.2.4. Infrastructural

Infrastructure factors correspond to the state of the built environment and represent community
infrastructure facilities which are extremely imperative for various flows [39,122]. These infrastructure
facilities are transport systems, telecommunication and electricity coverage, markets and production
systems, health, and education. Availability and quality of these services have a significant influence
on the flow of people, finances, information and goods [21,41,123-125]. Infrastructural factors are vital
in influencing vulnerability to flooding hazards. Limited access as well as damages resulting from
floods to farm—market roads, sanitation facilities, water supply, telecommunication, and electricity
services, increase vulnerability [73,101]. In South Asian and African countries, poor and/or damaged
infrastructure restricts the mobility of rural households, increases transportation cost, hinders rescue
and relief operations, affects the information exchange between cities and rural areas in the case of
the flood event [5,40,82]. Damages to the basic village health centers and education facilities also
increase the susceptibility of rural households in Bangladesh [119]. Distance to emergency facilities,
health centers, and metaled roads are important physical features that influence the susceptibility to
flood in Sudan [126], Pakistan [127], and India [120]. Hence, availability and quality of infrastructure
modify both flows and vulnerability.

3.2.5. Spatial Pattern

Linkages differ depending upon the spatial pattern of settlements i.e., how the settlements are
distributed over space [39]. The size of the city and rural settlement’s proximity to the city is important
in this regard [19,44,59,128,129]. The size of the city is not only determined by the population but
also by its functional and economic variety [19]. Hsu [130] and Romic [131] argued that functional
and economic diversity increases with the size of the city. City size influences the level and extent
of services and facilities provided to hinterlands and determines the socioeconomic and physical
development of rural areas [51,132]. Employment growth [133] and poverty rates [44,134] in rural
areas are influenced by the size of their neighboring cities. Rural settlement physical proximity (in
terms of distance) to town or city is key in rural livelihood development and also affects the various
flows [39,129,135]. Distance to cities can alter mobility and information patterns as well as education,
skill, and income level of rural communities [39,136,137]. Rural households in close proximity to
cities are economically well-off due to diversified livelihoods [128,137,138]. Quality and access to
infrastructure and communication facilities in rural areas are modified by distance to cities in India and
Ethiopia [129,137]. Moreover, distance to urban markets and metaled roads influence the livelihood
security of rural households [139]. Studies on the vulnerability of city sizes suggested that larger cities
are less vulnerable to hazards compared to small cities as they have more social, economic, physical,
and institutional resources to deal with hazards [15,140-142]. In terms of rural households’ distance to
cities, Maddison [143] argued that farmers living in close proximity to markets are more able to adapt
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to climate change in eleven African countries. Abid et al. [127] found the same in Pakistan. Pandey et
al. [144] underscored that rural households living far more district headquarter were more vulnerable
to climate change in India. In short, availability, quality, and accessibility of infrastructure facilities
affect the exposure, susceptibility, and capacity. Nonetheless, flood vulnerability of rural settlements in
relation to the spatial factors like the size of the city and proximity has widely been neglected.

3.2.6. Environment

The environment aspects—which, for example, include the presence of river bodies, soil quality,
degree of erosion, water availability, or other ecosystem services—are important factors that affect
the rural linkages with an urban area. A high degree of erosion, unavailability of water, and bad soil
quality can force people to seasonally or permanently migrate [40]. The occurrence of flood affects
natural factors such as soil and water quality which influence the type of functions supported by rural
areas [39]. A flood can degrade the farmland and affect crop cultivation and productivity, whereas
the degradation of water quality affects human and crop health [82,113,145]. Reduced crop productivity
lowers the income of rural households engaged in farming and has ramifications for food availability
in an urban area [21]. Moreover, proximity to the source of the flooding, for example, river bodies,
increases exposure [146,147]. Thus, the state of environmental factors affects linkages and vulnerability
to floods.

These above-mentioned factors determine the intensity of linkages and variability in vulnerability
and affect the well-being of rural communities. These factors are mutually dependent, for example,
size of and proximity to a city highlights the level and quality of infrastructure facilities in its rural
hinterland. Moreover, city size and distance not only are important in terms of infrastructure but are
also vital in modifying the socioeconomic features of surrounding rural communities. Additionally,
flood vulnerability and linkages are related and changing linkages due to a flood event can alter
the vulnerability of rural households.

4. The Conceptual Framework

Against the backdrop of discussion in the previous sections, a conceptual framework is proposed
by integrating concepts of rural-urban linkages (backed by the work of Tacoli [53] and Douglass [39])
and flood vulnerability (supported by the theoretical contributions of Cutter [24], Turner et al. [27],
Fiissel and Klein [31], and Birkmann et al. [4]), which is the main contribution of this paper (see
Section 2.2.3 for details). Figure 5 demonstrates the conceptual framework. The proposed framework
indicates how rural linkages with its neighboring city influence with the occurrence of a flood event
and how in turn it shapes the vulnerability of rural households. The proposed framework consists of
three segments: (1) rural-urban linkages, (2) flood vulnerability, and (3) factors that affect linkages
and vulnerability.

1. Rural-urban linkages discourse considers rural areas, not as isolated entities but also characterized
by their relationship with their nearest urban areas. This relationship is represented by the flow
of people, information, finances, goods, and services, which bind both areas and helps in
development, particularly of rural households and communities.

2. Flood is defined as a potential event caused by a natural or anthropogenic phenomenon that
brings a huge amount of water out of its natural or artificial precincts onto land that is generally
dry, and impacts the exposed elements of communities in a rural setting over a period of time.
A flood event can have social, economic, physical, and environmental impacts, which can be both
direct and indirect. Vulnerability is considered through the integrated approach, which recognizes
vulnerability as having three components i.e., exposure, susceptibility, and capacity which can be
influenced depending on linkages. Exposure indicates social, economic, and physical features of
arural community that are spatially and temporally fall within the geographical range of the flood,
whereas the degree of exposure is explained by the extent to which these features experience
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losses and damages. Susceptibility is defined as conditions of exposed social, economic, and
physical systems that make rural communities experience harm. Capacity is the ability of rural
communities to address, manage, overcome, and adjust to flood. It includes both short and
long-term measures that help rural communities overcome adverse conditions and potential
damages. Exposure and susceptibility are seen as negative, whereas capacity as the positive side
of vulnerability.

3. Factors that drive or influence rural-urban linkages and vulnerability include social (demography,
health, education, possession of skills, and social network), economic (income, occupation,
resources, livelihood diversity), institutional (local administration, public and private
credit institutes, development organizations), infrastructural (roads, electricity, transport,
telecommunications, markets, schools, and health), spatial (city size and proximity), environmental
(water bodies, soil and water quality, erosion, flood proneness).

RURAL-URBAN LINKAGES

’ Mobility patterns of affected people

DRIVING/ INFLUENCING
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Changing information pattern/new information ‘
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Figure 5. A conceptual framework to understand the dynamics of rural-urban linkages and its influence

on rural flood vulnerability.

Rural communities, linkages, and factors are under the umbrella of the flood event in order to
display rural area as prone to flooding. As shown in Figure 5, rural-urban linkages and components
of vulnerability (exposure, susceptibility, and capacity) are influenced by multiple factors. These
factors shape the internal characteristics of rural communities and direct behavior and intensity of
linkages as presented in Section 3.2. The flow of people, information, finances, goods and services also
customize exposure, susceptibility, and capacity of rural households. In the case of a flood event, cities
provide information, multiple services, goods, and finances to rural areas; for example, flood warning,
evacuation and relief services, non-food items etc. (see Section 3.1). These flows can alter exposure,
susceptibility, and capacity of rural households.

Following the idea that impact can lead to societal changes [81], it is argued that the impact (both
direct and indirect) of a flood event can modify certain linkages which affect exposure, susceptibility,
and capacity. These changes can reflect the variation in the mobility pattern for income diversification,
more frequent access to (new) information on building construction, farming techniques, technology,
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more financial flows in the form of aids, remittances, credit for the household recovery, and investment
for the overall development of rural areas. In Sri Lanka and Indonesia, disaster awareness and
preparedness training, microfinance, aid distribution and provision of goods for livelihood revival
(boats and fishing equipment) were main responses to the Indian Ocean Tsunami [81]. On the other
hand, long-term displacement, destruction of infrastructure leading to high transportation cost and
inflation can restrict different flows. In Nigeria, heavy rain badly affected feeder roads and restricted
the access of farmers to city markets due to high transport cost and led to the loss of income [40]. In
Pakistan, floods interrupted supply lines and resulted in a shortage of grocery items in markets and
caused inflation, affecting poor rural flood victims [103]. Thus, the flood impact on social, economic,
physical, institutional, and natural conditions of rural communities can result in both positive and
negative effect on the flow of people, information, finances, goods and services, and as a result on their
vulnerability. Overall, flood vulnerability is seen as the outcome of conditions already ingrained in
rural society, as well as the conditions created by the flood event (during and after) in the form of
dynamics of rural-urban linkages.

Cutter [24] and Turner et al.’s [27] framework highlighted complexities, interactions, and
linkages of the social-biophysical and coupled human—-environmental system of place respectively.
However, linkages of spatial unit i.e., rural and urban, were neglected, which this framework has
highlighted. Similarly, the MOVE framework [4] did not mention the geographical conditions in terms
of interdependencies between rural and urban areas. Hence, the proposed framework introduces spatial
pattern of settlement—city size and proximity—as a separate factor and an important geographical
feature in this study. The framework emphasized that city size and proximity are imperative in
the discourse of flood vulnerability of rural areas and its relation to linkages (see Figures 4 and 5).
Rural-urban linkages are highly influenced by these two factors. Theoretical concepts, like model of
agriculture land use, central place theory, core-periphery model, and virtuous circle model highlighted
the importance of either city size or proximity or both for linkages and rural development. Both
city size and proximity can significantly influence socioeconomic and infrastructure conditions as
well as institutional coverage in the surrounding rural area. In this way, rural vulnerability to
floods can be influenced based on city size and proximity to the city. Moreover, these two factors
can be baseline parameters in the investigation of flood vulnerability since they influence all other
social, economic, institutional, and infrastructural factors, as well as rural-urban linkages. Thus,
the framework emphasized the need for spatial and development planning aspects as crucial in
building capacities to deal with hazards and climate change impacts (as indicated by [148,149]) in
order to reduce vulnerability.

Overall, the proposed approach presented a unified framework for the assessment of rural
vulnerability to floods. It identifies rural areas as not secluded units, rather interlinked with cities
through different flows which were neglected by previous frameworks and studies. In this sense,
the framework provided insights that rural linkage with the city can also be a driving force—in addition
to other factors—of variation in rural vulnerability. Using this framework, the investigation and
information on how linkages can behave in the case of a flood event, different interacting factors that
are shaping linkages and their importance for the vulnerability of rural communities can bring better
solutions, recommendations, and a more targeted approach to rural development and vulnerability
reduction. For example, developing appropriate plans and strategies for managing these linkages in
a flood situation can provide avenues for adaptation and reduce disaster risk. Thus, the framework
calls for not only to focus on rural areas that are prone to hazard, disaster, or climate change impacts for
intervention, but also on cities on which these rural areas depend. In addition, it can also be a feedback
to the proposed framework for its applicability and further development.

5. Conclusions

This study presented a consolidated framework for the vulnerability assessment of rural
communities by indicating that rural-urban linkages are crucial in influencing flood vulnerability. To
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do so, this paper presented a thorough review of the concept of vulnerability, its components, and
conceptual frameworks, as well as the examination of terms “rural” and “urban”, interaction theories,
and a general understanding of rural-urban linkages. Theories and conceptual frameworks facilitated
to identify factors that drive variation in rural-urban linkages and flood vulnerability. The review
suggested that rural-urban linkages can be essential in influencing vulnerability of flood-prone rural
communities which have not been given attention in previous conceptual frameworks. Thus, rural
vulnerability to floods should not be studied in isolation, rather its relationship with urban areas is
important to consider. It should not only be defined by the internal characteristics of its residents
but also by considering the changing rural-urban interactions. Thus, rural-urban linkages may also
provide an opportunity to reduce vulnerability of rural communities. The framework highlights to
understand the multi-dimensional, differential, and dynamic nature of vulnerability and rural-urban
linkages, the interaction between them, as well as the driving forces that shape the overall flood
vulnerability of rural communities. Further, the role of city size and proximity is identified as an
important research gap which is widely neglected in the discourse of flood vulnerability and could be
imperative for improved understanding of rural vulnerability.

The framework is useful for application at the local level in developing countries. It provides
multiple and broad aspects for investigation and hence can be applied in any flood-affected rural
area by using their context-specific information. For example, socioeconomic, physical, institutional
factors differ spatially and temporally and so are the flows. Moreover, the framework is not limited to
flooding (even though the discussion revolves around flood hazards) and can be a vade mecum for
other hazards considering their character and scope of impacts. For example, droughts or extreme
temperatures may not affect physical infrastructure in the same way as flooding and thus linkages
as well as resulting vulnerability. In this context, the framework can guide factors and the nature of
influence on linkages to examine vulnerability for other hazards and propose vulnerability and risk
reduction measures accordingly. Furthermore, the effectiveness of the proposed framework can be
evaluated and validated through empirical investigations.

The framework is flexible and allows both qualitative and quantitative assessment of overall
vulnerability based on the dynamics of rural-urban linkages. It gives freedom to develop area and
hazard specific indicators and looks at overall vulnerability from the holistic and integrated perspective.
Moreover, various methodological and analytical frameworks can be developed depending on different
disciplines. The proposed framework has its limitations, it only considers rural areas as flood-prone and
vulnerable and does not underscore how changing linkages and resulting vulnerability can indirectly
affect urban areas/cities and vice versa. Moreover, urban-rural interrelationships and their related
issues may vary across various regions of the world.

The paper endorses that rural-urban linkages must be incorporated into vulnerability assessments
of rural communities. The proposed framework can support disaster risk reduction and climate
change adaptation of rural communities by highlighting the role of cities on which rural population
depends. Considering this, in addition to rural areas, necessary measures can be developed to
enhance the capacities of cities so that they can support rural areas. In this context, better information
delivery mechanisms, short- and long-term employment opportunities in cities, controlling price
inflation, the smooth and continuous supply of goods and services, intelligent investment decisions in
the reconstruction and rehabilitation phase will be the relevant areas for policymaking to strengthen
linkages, curtail vulnerability, and reduce disaster risk.

Finally, the framework can be a useful tool in increasing awareness among disaster managers,
regional planners, and policymakers at the local and regional levels regarding the complex and dynamic
nature of vulnerability. It also calls to bring professionals from different fields—especially from climate
change and disaster risk as well as regional and rural development planning communities—to
coordinate and work together to gain an accurate understanding of rural-urban linkages and associated
factors that determine flood vulnerability. It helps to prioritize the potential areas of intervention and
delineate proper plans to support rural-urban linkages and reduce flood vulnerability as indicated



Sustainability 2020, 12, 2894 18 of 25

earlier. The proposed framework contributes to recognize priority 1 of SFDRR, SDGs (goal 11
and 13), and a new urban agenda through enhanced understanding of vulnerability by suggesting
the importance of linkages and facilitating the link between spatial planning and vulnerability discourse.
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