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Abstract: Climate change seriously threatens human systems, properties and livelihoods. Global
projections suggest a continuous increase in the frequency and severity of weather events, with
severe outcomes. Although the trends and impacts are highly variable depending on location, most
studies tend to concentrate on either the urban or rural areas, with little focus on peri-urban areas.
Yet, in Sub-Saharan Africa, peri-urban areas display unique characteristics: inadequate infrastructure,
unplanned development, weak governance, and environmental degradation, all of which exacerbate
flood impact and thus need academic attention. This study contributes to filling this gap by assessing
the flood vulnerability of roads in peri-urban Accra and its implications for mobility. Based on the
fieldwork, the study delineated and analysed potential zones within the research locations. The
researchers calculated roads’ absolute and relative lengths, using a spatial overlay (intersection)
of potentially flooded roads with the total road network within the grid cells of 500 m by 500 m.
These measures were adopted and used as exposure measures. The findings revealed that over
80% of roads with lengths between 100 m and 500 m were exposed to floods. Some areas had
higher exposure indices, with absolute road lengths ranging from 1.5 km to 3.2 km and relative
road lengths between 0.8 and 1.0. There were significant variations in road exposure between and
within neighbourhoods. Depending on the depth and duration of the floodwater, residents may be
unable to access their homes or carry out their daily activities. In conclusion, this study highlights the
differential vulnerability of peri-urban areas to road flooding and recommends targeted provision of
flood-resilient infrastructure to promote sustainable development.

Keywords: exposure; flooding; peri-urban neighbourhoods; spatial overlay analysis; urban mobility

1. Introduction

Climate change is today one of the most significant global risks and, therefore, calls for
the immediate attention of all stakeholders [1]. There is sufficient evidence of increased in-
cidence of extreme climatic events such as high precipitation, frequent and severe flooding,
high temperatures, and droughts [2,3]. The impact of these extreme events including flood-
ing is uneven across the globe, with developing countries receiving the gravest brunt [4].
In the year 2022, a total of 387 natural hazards and disasters were recorded worldwide,
resulting in the loss of 30,704 lives and affecting approximately 185 million people. The
economic impact was estimated at USD 223.8 billion [5]. It was found that Africa was
significantly affected by these disasters, with 16.4% of the recorded deaths compared to
3.8% in the previous two decades. Climate change was identified as a major factor, acting
as a risk multiplier and exacerbating the impact of extreme weather events, as well as
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making them more unpredictable and increasing vulnerabilities [6]. From January 2021 to
September 2022, it was reported that 4% of the African population, equivalent to 52 million
people, were severely affected by droughts or floods [7-10].

The rapid urbanisation of cities within the sub-region [11,12] has led to increased
vulnerability to meteorological and hydrological events in peri-urban areas. This is due to
their specific characteristics, such as the growth of urban poverty and the proliferation of
informal settlements, unplanned and unregulated land use, weak environmental controls,
and poor enforcement of building standards [13]. As a result, the people, property, and
infrastructure in these areas are at risk. Africa, with an annual population growth rate
of 3.3-3.7%, is considered the most vulnerable region in the world. The continent faces
losses of USD 7-15 billion per year, which could increase to USD 50 billion per year in a
business-as-usual scenario [6,14,15]. Despite scientific and technological advancements in
Ghana, peri-urban areas still face high vulnerability to flooding [16] and implementing
effective risk reduction strategies remains a challenge [17]. These areas are known for their
extreme poverty and marginalisation [18-20].

Indeed, most recent studies [21] have confirmed that peri-urban Accra are experiencing
uncontrolled urbanisation resulting in haphazard and unplanned developments. Some
of these developments are even encroaching on sensitive lands [16]. This is often due to
a lack of knowledge and understanding of the vulnerabilities, coupled with insufficient
funding for mitigation plans [22]. In light of the increasing incidences of extreme climatic
events, there is a pressing need to comprehensively understand the various dimensions of
vulnerability. This study supports the notion that a lack of understanding in this regard
poses a significant challenge [23]. While there has been some research on the resilience
of transport infrastructure to multiple hazards [24-26], the majority of these studies have
focused on the global North. In contrast, little attention has been given to the vulnerable
situation in peri-urban areas, particularly in Africa, where inadequate and inefficient road
networks are prevalent [27].

Furthermore, it is not enough to rely solely on road network indices like centrality
measures, link importance indices, and site exposure indices to address the challenges faced
by road exposure to flooding, especially in peri-urban areas of Africa. Cities are expanding
rapidly as peri-urban areas have become dormitory towns and residential development is
outpacing infrastructure provision, as highlighted in a study by [20]. Against this backdrop,
this paper examines the spatial dynamics of road flooding and its implications on peri-
urban mobility. The study utilises infrastructure-based indices and integrates findings from
a field study to add the human dimension to the assessment of exposure, resulting in a
comprehensive analysis of the impacts of flooding on the mobility of residents in these areas.
The aim of this work is to identify the factors responsible for the differential exposure of roads
to flooding and increase our understanding of the mobility challenges in cities. This will aid
policymakers in designing appropriate and targeted actions for sustainable development.

This paper is structured in the following manner. It commences with an examination
of the relevant literature framing urban mobility and exposure, describing academically
overlooked peri-urban areas, in general, and specifically focusing on urbanising Accra.
Section 3 provides contextual background on the research locations and details the research
project’s mixed methods employed to capture nuances of the day-to-day realities in the
peri-urban areas of the capital city of Ghana. The Section 4 discusses the findings of the
fieldwork, exploring the impact of road flooding on mobility. Lastly, Section 5 delves into
how the insights gathered from residents’ perspectives on liveability can aid in anticipating
the future vitality of these cities.

2. Literature Review on the Concepts of Mobility and Exposure

The concept of mobility is utilised in various fields of study, ranging from social,
soil science, economics, and transportation, to medicine [28-31]. Consequently, it holds
divergent interpretations for different researchers. In this paper, our focus will be on
transportation, and we will define mobility as the movement of people, goods, capital,
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and information, as well as local phenomena related to everyday livelihoods in an urban
area [32]. Simply put, mobility means the ability to move from one place to another, and it
is a crucial element that enables the efficient functioning of urban and peri-urban systems.
The movement of people, goods, and services is essential in providing access to knowledge,
information, healthcare, and other activities that promote the welfare of inhabitants [33-35].
To ensure that these activities can thrive and develop sustainably, good quality connections
are necessary in urban and peri-urban areas.

A significant portion of the residents residing on the fringes of Accra heavily depend on
transportation to access various locations and engage in activities crucial to their livelihoods,
well-being, social connections, and spiritual requirements [16]. Nevertheless, flood-induced
mobility disruptions caused by heavy precipitation are quite common in these areas.
The road infrastructure in these emerging peripheral areas is typically fragmented and
insufficient, with a limited number of rough dirt or gravel roads servicing the interior
regions and lacking comprehensive roadside drainage. Road improvements are usually
piecemeal and depend on the economic capacity and willingness of local landowners to
invest and their collective ability to lobby municipal authorities.

In peri-urban Accra, rapid and unplanned urbanisation is causing numerous chal-
lenges. The situation is worsened by the increasing number of middle-class residents who
own vehicles, exacerbating the problems due to the inadequate transportation systems.
As a consequence, there are instances where floodwaters inundate a section of the road
for extended periods, and in extreme cases, the road is completely cut off due to erosion
and washed-away bridges [32]. The impact of such flooding on the transport system,
particularly the road network, is not uniform across all cities [36,37]. Some sections of
the road network may be more affected than others due to their differential exposures to
flooding. The variation in some characteristics, such as the topography of the area, soil
type, nature of the surface of the road, and the drainage system, contributes to the varying
exposure of the roads to flooding. In addition to the economic losses incurred by cities as a
result of flooding, floods on the roads also pose a significant threat to human lives [38,39].

Like mobility, there are various definitions of exposure due to the interchangeability of
the concept of exposure with vulnerability, usually resulting from the varied backgrounds of
scientists [40,41]. Within the vulnerability literature, exposure is sometimes conceptualised
as a component of vulnerability in that, indicators of exposure, sensitivity and adaptation
(or adaptive capacity) are summed to measure vulnerability [3,42,43]. According to the
proponents of this concept, vulnerability is expressed as:

V=E+S+A (@)

where V is vulnerability, E is exposure, S is sensitivity and A is adaptive capacity. The vul-
nerability of transport systems is commonly assessed in terms of the physical vulnerability
of its components depending on the physical characteristics of the infrastructure assets, e.g.,
age, material, structural types, and functional vulnerability contingent on the functional
characteristics of the network, e.g., speed and capacity. In flood risk analysis, the risk has
been described as the product of the hazard (H), the exposure (E) of the element at risk
to the hazard and the vulnerability (V) of the asset [44]. Mathematically, flood risk (R) is
expressed as:

R=H*E*V ()

Bringing Equation (2) into transport studies, the risk analysis of a transport network
includes hazard identification, vulnerability evaluation of the element at risk to a given
hazard, and risk assessment in terms of economic, functional and social losses. Vulnerability
is an essential component in risk analysis under any natural or climatic hazard, and its
accurate estimation is essential in making reasonable predictions of losses and consequences.
Both vulnerability and risk assessments rely heavily on exposure as a key component or
indicator. Thus, accurate determination of exposure is crucial for these assessments.
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However, the process of assessing exposure is not well-defined by these concepts.
Given this ambiguity, we chose the definition of exposure provided by the United Nations
Office for Disaster Risk Reduction (UNDRR) as “a situation of people, infrastructure,
housing, production capacities and other tangible human assets located in hazard-prone
areas” [17,18]. This definition makes it easy for exposure to be assessed in that it sets
out the parameters of variables clearly. Thus, in the context of road network or transport
infrastructure, exposure will be considered as the parts or segments of the road and its
physical characteristics located within the flood zone. In the next section, we will discuss
the methods we adopted to assess.

3. Methodology
3.1. Description of the Study Area

This paper is drafted from a study on Climate Change Resilience in Urban Mobility
(CLIMACCESS) conducted in 10 neighbourhoods located in the Greater Accra Metropolitan
Area (GAMA) as shown in Figure 1. GAMA is located in southern climatic zone of Ghana,
which has two rainfall regimes; the major rainy season which ranges from March to July
and the minor season from September to November each year [45]. Heavy and frequent
rainfall events usually occur in the major rainfall season and over the last two decades have
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Figure 1. Map of the study neighbourhoods. Source: Modified from [46].

In June, the average monthly rainfall is about 175 mm and the highest daily rainfall
ever recorded since 2000 was 212.8 mm received on 3 June 2015 [47]. However, there have
been growing concerns in the media over the last decade about the increasing occurrence
of extreme rainfall events in the minor season (see [48]). This means that floods due
to these extreme rainfall events are increasing in frequency and severity in Accra and
hence, exacerbating the exposure of infrastructure and human livelihoods to flooding [49]
modelled flooding within the Greater Accra Metropolitan Area (GAMA) and identified
these neighbourhoods as some of the flood bluespots in Accra. A bluespot is the location,
extent and depth of local landscape depressions (see [50]). The major factors that influenced
the selection of the neighbourhoods were socioeconomic characteristics and the nature
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of urbanisation in GAMA and these have been described fully in [27]. As shown in
Figure 1, the neighbourhoods portray varied levels of urbanisation, the majority being in
the low to medium category. The degree of consolidation of a neighbou49rhood is very
important, as urbanisation has a link to improved road infrastructure [51]. In the peripheral
neighbourhoods within GAMA, residential developments are characterised by poor road
infrastructure with limited connectivity [52].

Accra functions as Ghana’s capital and as regional capital of the capital of Accra
Metropolitan Area. These functions, coupled with the commercial and industrial roles
of Accra and Tema have drawn people from within and outside Ghana to the city. Asa
result, the city has grown to include areas outside of the Greater Accra Region such as
Kasoa, Nsawam and Aburi as people live in these areas and commute daily to and fro the
city for their livelihoods. However, the growth of the city has resulted in the clearing of
vegetation and the development of residential buildings and other essential infrastructure
in flood-prone areas. These activities have led to increased runoff and consequent flooding
in the city.

Most often, the processes of urbanisation push the low-income earners to marginalised
lands resulting in segregation of settlements along income lines [20]. The majority of these
marginalised areas within Accra are flood-prone areas and are underserved. In the peri-
urban areas also, most of these flood-prone areas are increasingly being inhabited by the
emerging middle-income group [21,46] due to scarcity of land. This observation is evident
in the areas selected for the present study as Glefe is a low-income community while the
others are mixed. Evidence abounds that shows that areas inhabited by the high income
and more vociferous people are better served with infrastructure compared to those of the
underprivileged. Thus, these selected neighbourhoods drawn from low- to middle-income
neighbourhoods present a perfect case for this study.

3.2. Methods

The transport system supports many livelihood activities of mankind and any effect
on it affects mobility and subsequently, livelihoods. Studies on transport or road network
vulnerability have often revolved around accessibility and serviceability leading to the
use of several indicators [11-13,23,53]. Due to low connectivity of roads in the peri-urban
areas, spatial intersections will be used to assess road exposure to flooding. We therefore
determined the potential flood zones of the study area and overlaid the roads to measure
the extent of exposure of the roads. We also conducted a field survey and integrated the
results to analyse exposure. We present the methods of socioeconomic data collection and
analysis followed by the delineation of the flood zones and then the exposure determination
and analysis.

3.2.1. Socio-Economic Data Collection and Analysis

A survey was conducted to collect data on the mobility patterns of the residents by
asking questions on how they navigate daily for their livelihoods and how flooding affects
their movements. For the field survey, the respondents were selected through a random
process. This involved generating random points in ArcGIS and overlaying them on Google
Maps. We then navigated to these points when the house closer to the point was selected. If
the occupants of the house were absent, we made a second visit to the house and if still did
not meet anyone, then we excluded that one. The occupants also had to meet the criteria of
being adults of 18+ years and moving out, at least, once a week to other neighbourhoods.
A full description of the survey process can be found in [46]. This provided the importance
or attractiveness between places. We also conducted in-depth interviews with district-level
officials, opinion leaders, traditional authorities, and experienced community members.
Pictures were also taken and used to describe or explain some effects of exposure. For
this paper, descriptive statistics, especially frequencies and cross-tabulations were used to
analyse the survey data. The qualitative data were analysed thematically, and, in some
cases, quotes were used to support spatial analysis.
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3.2.2. Flood Zone Delineation

A flood hotspot (bluespots) map produced by [50] using UAV-LiDAR data was ob-
tained. However, due to the large size of the study area, the map did not encompass certain
portions of parts of the Pokuase and Adenta neighbourhoods. This was because including
those areas regions would have significantly increased the cost of acquiring the LIDAR
image. Therefore, in this paper, the flood bluespots determined by [50] were extended by
overlaying them on the results of Topographic Wetness Index (TWI) to determine flooded
areas in the parts that were not covered by the bluespots. Manual classification in ArcGIS
was employed and the limits were adjusted until boundaries of the TWI were close to the
flood bluespots. Then we set this limit as threshold to divide the TWT into potential flood
zones and no flood zones and, extract the potential flood zones as our layer of interest. In
addition, the locations of respondents who reported having experienced flooding of their
homes between 9 and 50 times in the last 5 years were overlaid to ensure that our potential
flood zone layer represents flooded areas. Our analysis revealed that more than 90% of the
respondents’ locations fell within the potential flood zones, giving us confidence in the
accuracy of our data processing. Consequently, we utilised this to process our data.

The calculation of the TWI requires slope and flow accumulation as shown in Equation (3)
(Beven and Kirkby, 1979, cited in [54]).

TWI = In(a/tanf) 3)

where [n is the natural logarithm, a is scaled flow accumulation and tanf is the local slope
in radians.

These parameters were calculated using a Shuttle Radar Topographic Mission Digital
Elevation Model (DEM) downloaded and resampled to 30 m by 30 m resolution. Even
though a DEM of 30 m by 30 m is coarse, it was suitable because GAMA is largely plain
with very little variation in elevation. Similar resolutions have been used to map flood
zones in other jurisdictions [55,56]. A subset of the DEM was created using the upper left
coordinates of latitude 5°48'57” N and longitude 0° 20’ 37" W and lower right coordinates
of latitude 5°30'25” N and longitude 0°05'56" W. This area contained the full lengths
of almost all the rivers and streams that drain through the urban area of Accra. The
DEM (subset) was processed using the fill tool in ArcGIS to remove all possible sinks
in it. The daily travel routine of residents was estimated from a field survey involving
1053 respondents conducted in 2021.

3.2.3. Assessment of Exposure

There are several methods of assessment of exposure. A classical method of assessment
relies on network science [41]. However, network science is based on the topology of the
network, that is, the structures such as the road junctions or intersections and the road
segments [57]. Given the unplanned nature of development, the roads in the peri-urban
areas are disjointed. Performing network analysis using these indices may pose a serious
challenge as network indices such as betweenness centrality require a properly connected
road network. We therefore relied on spatial overlay, particularly spatial intersection for
this study. Spatial intersection requires the availability of explicit geographical data for
well-delineated flood zones as well as assets. These datasets were obtained from the flood
zone delineation described above, open street map (OSM) data on road networks, and
the interviews as well as personal observations from the field. A further analysis of the
impact of flooding on the exposed road infrastructure as well as mobility of residents was
conducted from the survey.

3.2.4. Spatial Intersection

We determined the absolute length and relative road length of the potentially flooded
roads. This was adopted as opposed to the absolute area and relative area methods
proposed in [41] because the road data downloaded from open street maps were lines. It is
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worth noting that, except in few cases, the widths of the roads do not vary significantly as
almost all are single carriage roads within the neighbourhoods. We intersected the flooded
zones determined from the TWI with the road data to obtain the roads that are within the
flood zones in the study area. The lengths of these roads were calculated. We used a 500 m
by 500 m grid to perform the intersection with the roads within the flood zone and all roads
within the study area. This grid size was selected because according to [41], smaller grid
sizes represent road surfaces much closer. Also, considering the scale at which this was
conducted, smaller grid sizes will bring out the spatial difference clearly. The intersections
produced the total length of roads within flood zones and the total length of all roads in the
study area in each square grid. These were then used to compute the absolute road and
relative road lengths of potentially flooded roads.

4. Results and Discussions

The TWI values shown in Figure 2 ranged between 3.4 and 19.6. These values were
classified into three classes using natural breaks: areas with low, medium and high potential
for flooding during rainfall events.

b Legend
[ Neighbourhoods
TWI

[ Jrowa-79
[ Moderate (8.0 - 10.8)
B High (109 - 19.6)

M f
Kilometers I Potential flood zone

Figure 2. Topographic Wetness Index Map.

The results reveal that the neighbourhoods are susceptible to flood as much of their
surface areas are within the potential flood zones. As indicated in Figure 2, Glefe is a low-
lying neighbourhood sandwiched between the Atlantic Ocean and a lagoon. The lagoon is
constantly contaminated with waste, significantly decreasing its capacity to contain excess
water that flows in from the upland. Thus, anytime it rains, there is spillover from the
lagoon thus flooding the neighbourhood. The other neighbourhoods have rivers/streams
flowing through them and due to increased runoff resulting from factors such as increasing
land surface ceiling, and building on waterways among others, they overflow breaching
their banks, causing flooding in the neighbourhoods. The roads within the neighbourhoods
that lie in the potential flood zones are shown in Figure 3.
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Figure 3. Exposure of roads to floods. Source: Authors.

From Figure 3, Glefe is the only neighbourhood with two roads traversing it. All other
neighbourhoods have some good road provisioning with most of them within the potential
flood zones. It is clear in Figure 3 that some areas have a higher concentration of roads
in potential flood zones than others. More than 80% of the roads in the neighbourhoods
have lengths between 100 m and 540 m within the flood zones. This means that if all these
roads are flooded, residents will most likely have no alternative routes to and from their
homes. Thus, residents whose main routes to and from their homes are those with longer
lengths within the flood zones and these are more exposed to flooding, both in magnitude
and frequency. In an interview with an opinion leader in Frafraha, he conveyed: “When
we get torrential rains lasting about an hour or more, some roads in our neighbourhoods
are completely submerged and no one can use them because of the speed and depth of
water. Sometimes, some cars remain in the water when they attempt to pass through”. In a
regrettable turn of events, a member of the research team personally encountered some
flooding in the area and captured the incident as in Figure 4, aligning with the interviewee’s
observation. For the duration the water stays on the roads, they become unmotorable,
especially when the water level is high and is moving at high speed. Our field observations
indicate that most of the roads with potentially flooded lengths above 155 m serve as main
links and are used to some extent by almost all residents in the neighbourhoods. This means
that disruptions on these links in terms of temporarily blocking vehicles and pedestrians
constitute major disruptions to the mobility of the residents in these neighbourhoods. It
was reported in many neighbourhoods that floods often result in heavy traffic. As Figure 4
clearly illustrates, traffic is building up because of the flooding on the road. The white car
made a U-turn to move to safety as the water levels continued to rise.
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Figure 4. Traffic building up in Antiaku neighbourhood due to flood. Courtesy Stephen Fiatornu, a
Ph.D. student.

This means that vehicles plying this road will have to turn back or stay at that point
until the water recedes and this could cause heavy traffic jams there. As captured in Figure 4,
the water level on the road that the white car is on is higher than the one it is advancing
towards. This means that roads can be exposed but the exposure would not be the same.
Some places on the same road will be more exposed than others due to topographic factors.
The routes with longer lengths are thus more exposed and this is similar to the findings
of [40] in France who found a high and statistically significant correlation (coefficient of
0.78) between road length and exposure to flooding.

In delving deeper into the spatial variation in road exposure to flooding in the neigh-
bourhoods, we examined both the absolute road and relative lengths indices in the poten-
tially flooded areas. The results of the exposure of roads to flooding are shown in Figure 5.
Figure 5A highlights the absolute road length (total length of roads within a grid cell)
index, which expresses the total length of roads in a grid cell exposed to floods. The map
depicts spatial variation in road exposure and as can be seen, the roads in the Adenta
neighbourhoods are more exposed to floods because they have more grids with higher
total road lengths (covered with darker colours) than the other neighbourhoods.

According to the findings of this study, neighbourhoods in Adenta have the greatest
likelihood of experiencing exposure to flooding with Santa Maria, Pokuase and Glefe fol-
lowing closely behind. The Adenta neighbourhoods have more roads exposed to flooding,
with a total length between 1.5 km and 3.2 km per grid. This implies that almost all or all
roads within the grid are exposed to flooding. There exists a variation in exposure within
the locations. For instance, in Adenta, New Legon has a higher exposure value than other
neighbourhoods. Glefe, on the other hand, has only two roads and is considered the least
exposed to flooding. The grids with high total road lengths exposed to floods are also closer
to the rivers or streams that drain the area. This means that proximity to rivers, especially
intersections, increases exposure to road flooding.
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Figure 5. Road exposure indices in potentially flooded zones.

However, the relative road length (Figure 5B), which is the ratio of total road length
exposed to the total road length in each grid, reveals a slightly different perspective. The
grid cells with higher ratios have all or almost all road segments within the cells exposed
to flooding. This index could be considered as a measure of the severity of exposure.
This indicates that the severity of exposure is higher in those areas. These grid cells with
higher values are mainly situated near the confluence of the streams or rivers, where there
could be a large overflow of water to the surrounding areas. Even though the Adenta
neighbourhoods still exhibit higher exposure, the location of the higher exposed grid cells
has changed a bit. More grid cells with higher ratios appear at New Legon Hills.

The majority of these cells with high ratio values correspond to the ones with few road
segments. This explains why Glefe, with only two roads, is the most exposed in the study
area. During the field survey, a resident mentioned that their area has few motorable roads,
and these are prone to flooding during heavy rains. He further indicated that they have no
alternative routes to use to and from their homes. It was observed during the field survey
that most of the roads in the peri-urban areas lack drainage infrastructure, such as gutters
and culverts/bridges, to channel runoff away as vividly illustrated in Figure 6. Therefore,
the roads with higher exposure require urgent attention from authorities to provide gutters
and culverts to redirect flood water and minimise road damage.

According to [40], a higher correlation exists between exposure to flooding and com-
muter trips. Therefore, the study attempted to determine the number of trips made by
residents for their primary income-generating activities. Table 1 shows that most respon-
dents (233) travel five days a week, corresponding to the number of official working days
in Ghana. Additionally, 178 respondents work six days a week, including Saturdays. These
people travel to work daily and are at a greater risk of experiencing road flooding. Although
there is a slight spatial variation, it can be inferred from Table 1 that some areas, such as
Windy Hills, Santa Maria, Glefe, and Frafraha, may serve as dormitory areas for those
with official employment. People living in these peri-urban areas commute daily to the
city for work, as evidenced by the frequency of trips for their primary income-generating
activities. More than 87% of respondents in all neighbourhoods leave their homes at least
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once weekly for their primary livelihoods [21]. It can be concluded that the higher the trip
frequency of a resident, the higher their exposure to road flooding, as there is a high chance
that they will encounter multiple incidences of floods on their routes.

Figure 6. Nature of roads in peri-urban Accra. Source: Stephen Fiatornu, a Ph.D. student.

Table 1. Frequency of trips to primary income-generating activity.

1Daya 2 Days a 3 Days a 4 Days a 5 Days a 6 Days a 7 Days a 1-3 Times ]6?8 than Total
Week Week Week Week Week Week Week a Month cea ota
Month
Santa Maria 16 10 5 3 29 19 5 7 2 96
Kwashiebu 11 9 13 7 23 22 1 3 1 920
Antiaku 7 16 11 3 21 16 5 6 1 86
Glefe 11 17 6 9 27 22 4 6 0 102
Frafraha 8 13 14 2 25 15 8 8 0 93
New Legon 10 11 12 1 23 19 4 5 1 86
New Legon 1, 11 11 8 18 19 2 9 1 91
Hills
Ampax/River |5 16 9 4 17 1 2 8 0 82
Estate
Pokuase
Old Village 14 10 8 3 19 18 3 14 0 89
Windy Hills 12 11 13 1 31 17 3 4 0 92
Total 116 124 102 41 233 178 37 70 6 907

A number of homes may share the same road segment, but this does not negate the findings.

The flooding also induces mobility challenges. When the road is flooded, the water
can sometimes stay on the road for weeks (Figure 7a) or run off on the surface of the road
with high speed/force (Figure 7b). In these instances, pedestrians, passengers and vehicles
get stuck on the road, which may lead to high fatalities [58].

(b)

Figure 7. Mobility challenges due to road flooding. (a) A man trying to wade through water on the

road in front of his house; (b) Flooded Road used by vehicles.
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This causes disruption to both vehicular and pedestrian mobility with a greater toll
on the livelihoods of the residents. However, depending on the depth and length of the
inundated section, the recession might take a long time or days in some cases. Many
respondents indicated that the roads leading to their homes are often impassable each time
they flood (Table 2). As shown in Table 2, the Adenta neighbourhoods of New Legon and
New Legon Hills have a higher number of respondents with this challenge.

Table 2. Roads leading to homes not passable.

Neighbourhood Responses (%)
Santa Maria 43
Kwashiebu 46
Antiaku 31
Glefe 31
Frafraha 44
New Legon 63
New Legon Hills 69
Ampax/River Estate 36
Pokuase Old Village 22
Windy Hills 27

Residents in flood-prone areas often have no choice but to walk or drive through the
water, which can result in casualties. As shown earlier, several lives have also been lost and
others injured on the roads during flooding [8,10]. When the flooded road lengths exceed
100 m, pedestrians are unable to wade through the water, and some vehicles get stuck or
experience engine failure. In such cases, it can be dangerous for users to pass through the
water, as the speed and strength of the water pose a serious threat to those attempting to
pass through. This disruption to mobility patterns can have severe implications for the
daily livelihood activities of residents in flood-prone communities, especially those who
work in the informal economy [45]. Most of these residents earn a living on a daily basis
and need to commute daily to work. Thus, disruptions caused by flooding could lead to
deepening poverty and increase the vulnerability of these city dwellers.

During the COVID-19 lockdown, the informal sector suffered a significant economic
impact due to restrictions on movement [59,60]. Similarly, restrictions on mobility during
floods can prevent people from accessing their workplaces and have consequences on their
livelihoods. Areas with high road exposure, particularly those with little to no alternative
routes, are highly vulnerable to floods. This vulnerability is even more pronounced in
low-income neighbourhoods like Glefe and peri-urban areas like New Legon Hills [61].
Slums and peri-urban areas are home to the poor in cities, and their vulnerabilities are
elevated due to their economic status [62—64].

5. Conclusions

The study was conducted to evaluate the vulnerability of roads to flooding in certain
neighbourhoods in Accra, both urban and peri-urban. To achieve this, the researchers
delineated potential flood zones in the neighbourhoods. They then overlaid these potential
flood zones with the roads, using a spatial overlay operation whilst estimating the level of
exposure of the roads in these neighbourhoods to floods within a grid of 0.5 km by 0.5 km,
using exposure indices. The results of this study showed that all the neighbourhoods
experienced some level of exposure to road flooding, but the degree of exposure varied
spatially both within and between the neighbourhoods. The Adenta neighbourhoods were
found to be more exposed than the others. Areas around the confluence of rivers were
also identified to be more exposed to road flooding. The study concludes that there is
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a spatial variation in the vulnerability of roads to flooding in the neighbourhoods and
that the degree of vulnerability also varies within the same neighbourhood. The study
highlights highly vulnerable areas for rerouting for vehicles and pedestrians and suggests
routes that could be planned for infrastructural upliftment. Flooding is a significant threat
to road infrastructure, and most roads in many peri-urban areas, especially in Sub-Saharan
African countries, are untarred and are, therefore, frequently exposed to flooding, causing
massive destruction. Location-specific information can help city authorities plan to reduce
or avoid the impacts of floods. Armed with this information, decision-makers can zoom
into highly exposed areas, assess infrastructure and other socio-economic factors that
could be impacted, and put in measures to reduce or avoid the impacts. We, therefore,
recommend that targeted measures be taken to reduce exposure to road flooding and that
flood-resilient infrastructure, such as gutters, culverts, and bridges, be constructed on roads
with high exposure, to ensure the safety of road users and emergency services. Providing
this road infrastructure can contribute to achieving sustainable development goals.
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