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Abstract

Floods in Ghana have become a perennial challenge in the major cities and communities located in low-lying areas. There-
fore, cities and communities located in these areas have been classified as potential or natural flood-prone zones. In this
study, the Digital Elevation Model (DEM) of the Accra Metropolis was used to assess the drainage density and elevation
patterns of the area. The annual population estimation data and flood damages were assessed to understand the damages
and population trend. This research focused primarily on the elevation patterns, slope patterns, and drainage density of the
Accra Metropolis. Very high drainage density values, which range between 149 and 1117 m/m?, showed very high runoff
converging areas. High drainage density was also found to be in the range of 1117—1702 m/m?, which defined the area as
a high runoff converging point. The medium and low converging points of runoff were also found to be ranging between
1702-2563 m/m? and 2563-4070 m/m?, respectively. About 32% of the study area is covered by natural flood-prone zones,
whereas flood-prone zones also covered 33% and frequent flood zones represent 25%. Areas in the Accra Metropolis that fall
in the Accraian and Togo series rock types experience high floods. However, the lineament networks (geological structures)
that dominate the Dahomeyan series imply that the geological structures in the Dahomeyan series also channel the runoffs
into the low-lying areas, thereby contributing to the perennial flooding in the Accra Metropolis.
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Introduction

The immense expansion of many cities in Ghana without
strict adherence to developmental regulations has made
cities vulnerable to a range of natural disasters. Floods in
Ghana have become a perennial challenge in the major cities
and communities located in low-lying areas. Naturally, low-
lying areas have been found to be liable to flooding (Attipoe
2014). Low-lying areas include; rivers, basins, valleys, lakes,

P< Benjamin Wullobayi Dekongmen
dekongmen@gmail.com

Civil Engineering Department-Regional Water
and Environmental Sanitation Centre Kumasi, Kwame
Nkrumah University of Science and Technology, Kumasi,

Ghana

School of Engineering, University of Energy and Natural
Resources, Sunyani, Ghana

Department of Geological Engineering, Faculty of Mineral
Resources Technology, University of Mines and Technology,
P.O. Box 237, Tarkwa, Ghana

Department of Geological Engineering, Faculty
of Engineering, Nigde Omer Halisdemir University, Main
Campus, 51240 Nigde, Turkey

Department of Ecosystem Sciences and Management, Texas
A&M University, 534 John Kimbrough Blvd, Room 305,
College Station, TX 77843-2120, USA

low-elevated areas, among others. Therefore, cities and com-
munities located in these low-lying areas can be classified
as potential flood-prone areas. Also, infrastructural devel-
opments have encroached on these areas; that is building
on waterways and paving of surface areas prevent infiltra-
tion of precipitation into the soil (Okyere et al. 2013). Areas
(swamps and valleys) meant for the detention of runoffs have
been used for infrastructural developments, which eventually
contribute to flooding. These areas were naturally designated
for detaining excessive runoff and overland flows, which
help to cut down the time of concentration of surface runoffs.
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Surface runoffs are normally collected in these areas (basins,
rivers, valleys, etc.), which are then channeled into bigger
basins and the sea. Due to the increase in the area of artificial
land cover features and encroachment on naturally preserved
areas (waterways, valleys, lagoons, forests), natural disasters
have become rampant in low-lying areas. However, over the
years, climate change has led to various facet changes of
life on earth. Therefore, a significant change in both land
surface and sea temperatures, pressure, and rainfall patterns
has resulted in spatial and temporal changes in rainfall and
evaporation (Avand et al. 2021). NASA reported in 2018
that the average earth’s surface temperature has increased
by 0.93 +0.07 °C as compared to the 1880s (Kim and Kang
2021). The frequency of maximum and magnitude of rainfall
increases upon the increasing trend of global warming, and
this leads to floods (Hirabayashi et al. 2013; Avand et al.
2021). According to Hirabayashi et al. (2013), the global
exposure to floods occurrence is bounce to increase depend-
ing on the degree of global warming.

As cities expand, the local drainage capacity becomes
inadequate to accommodate the runoff.

Notwithstanding this, there are other rural communities in
Ghana (especially, those in the Upper West Region, North-
ern Region, Upper East Region and Afram Plains), which are
not in low-lying areas but have been experiencing flooding
due to overbank flooding resulting from the spill of excess
water from the Bagre and Kampainga dams (Bempah and
@yhus 2017).

However, the natural breaks in elevation patterns of the
Accra Metropolis range between —4 and 130 m above mean
sea level (MSL), which makes the capital city of Ghana
appear to be relatively flat. Generally, the Accra Metropolis
is characterized by gentle slopes to about 22%. Thus, based
on the low-lying nature of Accra Metropolis, runoffs are sent
downwards to the Accra Metropolis and its environs, from
other municipalities (Adenta, Ga East, La Nkwantanang
Madina) in the Accra Metropolis.

Communities within or closer to major rivers in Accra
as well as those within the tributaries of these major riv-
ers experience floods in response to any intense rainfalls.
For settlers and these settlements, the issue of flooding has
become a perennial event. Also, previous researchers indi-
cate that most of the drains in Accra are either undersized,
overdue, silted or improperly connected (Rain et al. 2011;
Okyere et al. 2013). It is also a fact that the greater popula-
tion density in Accra has increased the number of imper-
vious surface areas through pavement and buildings (Rain
etal. 2011; Okyere et al. 2013).

The attitudinal factor of flooding resulting from siltation
is a key component, which many citizens in the capital city
refuse to practice (Tabiri 2015). The dumping of waste into
drains reduces the capacity of these drains to convey runoff
into the sea. Odaw river, Onyasia river, and Korle lagoon
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are major water bodies in Accra (Asumadu-Sakodie et al.
2015a, b). These water bodies receive surface runoff from
their catchments and channel them into the sea. However,
many have turned them into their dumping grounds. On June
3, 2015, a flood combined with an explosion at the Ghana
Oil filling station claimed over 152 lives (Asumadu-Sarkodie
et al. 2015a, b), thus, totalling 567 lives lost between 1968
and 2015.

Worryingly, the Accra Metropolis has been inundated
with perennial flood disasters from 1968 to date (Okyere
et al. 2013; Amoako and Boamah 2014; Tengan and Aig-
bavboa 2016). The metropolis has a population of over 3.86
million and out of these, 415 people lost their lives through
flood disasters between the periods of 1968-2014 (Okyere
et al. 2013; Amoako and Boamah 2014; Asumadu-Sakodie
et al. 2015a, b; Tabiri 2015; Tengan and Aigbavboa 2016;
Kwang and Matthew Osei, 2017). One of the major causes
of the June 3, 2015, flood was as a result of blockage of the
Odaw river’s mouth from discharging water into the sea.
Many lives and properties were also lost through recur-
ring floods between 2016 and 2019. Some researchers have
attributed these recurring floods in the Accra Metropolis
to several contested factors such as its low-lying area, poor
planning, drainage networks (choke drains, underside drains,
etc.), massive expansion of the city, increase impervious
surface area, mismanagement of surface water resources
through uncontrolled rapid urbanization and the construc-
tion of residential and commercial structures on waterways
(Twumasi and Asomani-Boateng 2002; Owusu and Agbozo
2019). Other researchers also attributed this perennial havoc
to the poor flood management approach in the city’s devel-
opment plan, poverty and climate change variability (Okyere
et al. 2013; Amoako and Boamah 2014; Asumadu-Sarkodie
et al. 2015a, b; Afornorpe 2016).

Drainage density is a key parameter in flood vulnerability
studies. It is the computation of the total length of rivers and
or length of stream networks in the watershed or catchment
divided by the total area of the drainage basin (Oikonomidis
et al. 2015). Drainage density analysis is done to determine
how well a catchment or a basin is drained by river networks
or streams. Drainage density map is a key component in the
analysis of flood and groundwater recharge studies (Yildiz
2004; Lakshmamma et al. 2015). It shows the areas where
runoff will flow toward and accumulate (Waikar and Nila-
war 2014). Runoff normally flows from high-land areas to
low-lands areas such as valleys, basins, rivers, lakes, and
lagoons. Therefore, areas characterized by high drainage
density indicate high surface runoff (Krishnamurthy et al.
2000).

Despite the numerous flood-related incidents in the Accra
Metropolis, studies on flood vulnerability assessment in the
Accra Metropolis are limited and not readily available in the
literature. It is therefore, crucial to determine the drainage
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density and elevation patterns of the Accra Metropolis in
order to assess the vulnerability of the city to floods. This
information will be key for city planners and interven-
tions aimed at addressing the perennial floods in the Accra
Metropolis. The study also provides a detailed review of the
number of lives and properties lost through flood-related
incidents using previous literature.

Materials and methods
Study area

The geographical scope of the study is restricted to the Accra
Metropolitan Assembly (AMA) (Fig. 1). The study focused
specifically on the drainage density, floodable zones, and
contour levels of the AMA. The AMA covers an area of 181
km? with eleven sub-metropolises namely; Okaikoi North,
Okaikoi South, Ablekuma Central, Ablekuma North, Able-
kuma South, Ashiedu Keteke, Ayawaso Central, Ayawaso
East, Ayawaso West Municipal, La and, Osu Klottey. The
metropolis is located within latitude 00°06’W and longitude
05°35°N. Toward the northern fringe of the metropolis lies
the Ga West Municipality. The metropolis is bounded to the
west by the Ga South Municipality and the south shares ter-
ritory with the Gulf of Guinea (AMA 2015; Attipoe 2014).
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Fig. 1 Location map of the study area

According to the 2010 population and housing census, the
population of the AMA is over 2.5 million (AMA 2015),
with 4.3% of an annual population growth rate between 1984
and 2000. The Ghana Statistical Service in 2012, reported
a population of 3 million in Accra (Amoako and Boamah
2014). With this population growth rate, the metropolis has
thus been identified to be one of the most rapidly-growing
metropolitans in Africa (Amoako and Boamah 2014).

Data acquisition and analysis

The study did not take into consideration any rainfall data
and other modeling tools and datasets; however, the Digital
Elevation Model (DEM) of the Accra Metropolis was used
to assess the drainage density, floodable areas and as well as
contour patterns of the area. DEM determines flow direction
and accumulation, other hydrological factors of topography
and it informs the overland access flow direction and accu-
mulation. Many factors are considered in flood modeling;
however, this research focused on the contour patterns,
floodable areas, slope patterns and the drainage density of
the Accra Metropolis due to the crucial roles that these fac-
tors play in flooding in general.

The study analyzed up to a point, where the natural
breaks or arrangements of the land explain the phenom-
enon of the annual floods in the Accra Metropolis and
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along with the connection of drainage density and ele-
vation patterns of Accra. The elevations and slopes are
important elements that contribute to the determination
of flow direction and flow accumulation resulting from
impervious surface areas, which reduce infiltration and
give vital information about the vulnerability of the area to
floods (Okyere et al. 2013) as well as excess overland flow
emanating from precipitation exceeding infiltration. Flow
direction shows how overland flows are shared within the
catchment area (Ghebremariam 2017). The infiltration rate
and the surface flow velocity of the area depend mainly on
the elevation patterns and sloppiness, soil characteristics
and the level of infrastructural development in the city. A
DEM was used to determine the flood-prone areas in the
metropolis.

Secondary data on the death tolls and illegal structures
on waterways were obtained from the literature. These data
were sourced to establish the trend of lives lost as a result
of flash floods in the metropolis. The initial flood map
generated was classified into four zones; not floodable,
less floodable, medium floodable, and highly floodable.
This same map was further classified into three zones such
as natural flood-prone areas, flood-prone areas, frequent
flood-prone areas, and no flood. The DEM used for flood
maps was further used to generate the drainage density of
the area.

Drainage density

The Digital Elevation Model (DEM) of the study was used
to analyze the direction of flows and flow accumulation in
the area. The drainage density map of the area was gener-
ated from the DEM using the ArcMap environment through
the Line Density tool. The Line Density file generated was
further reclassified into four classes from low to very high
(from low converging to very high converging areas) using
the equation below.

DD =2Lef, (1)

where Le is the total distance of all the streams and rivers,
and A is the total area of the drainage basin or the watershed.

Contour characteristics in Accra

The contour map of the study was generated using the Digi-
tal Elevation Model in the ArcMap environment, using the
contour command tool. The output polyline assigned was
10 m, which generated five classes of the contour lines. The
five classes were further reclassified into three classes.
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Geology

The geology map of the study area was extracted from the
geological map of Ghana. Three series of geological com-
positions were found namely; Accraian (Mid-Devonian),
Dahomeyan and Togo series (Neoproterozoic).

Lineament density (LD)

The DEM was used to extract the lineament networks using
PCI Geomatica trial version. The lineament networks were
then overlaid on the geological map.

Results and discussion
Delineation of flood-prone areas

From Fig. 2, the study indicates that about 32% of the study
area is covered by natural flood-prone zones, with flood-
prone zones covering 33%, and frequent flood zones repre-
senting 25%

while the no floodable zone covers 10%. Natural flood-
prone zones constitute swamps, marshy areas, valleys, rivers,
basins, and lagoons. These areas are naturally liable to flood.
Frequent flood-prone zones represent areas that will often
experience floods due to the expansion of the city. Flood-
prone areas are also those areas within the catchment that
are susceptible to floods due to the connection of these areas
with natural flood-prone areas as well as city rebranding.
However, a study by Okyere et al. (2013) reports that areas
within 350 m contour were found to be flood potential zones
that are bound to experience episodic floods with little input
of rainfall. From Fig. 1, Accra is located in a low-land area
with slope ranging between —4 and 130 m. According to
the World Bank (2012) and Attipoe (2014), low-lying areas
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are often flood-prone with many houses within these areas
being besieged by floodwaters during and after torrential
downpours. According to Amoako and Boamah (2014), in
Accra, there are many low-lying areas, which are subjected
to annual flooding due to insufficient culverts sizing and
blockage of the major drains in the city due to the accumula-
tion of silt and as a result of the poor culture of maintenance.
Also, many areas in the Accra Metropolis experience flood
as a result of rapid runoffs being generated from low-lying
areas, which in turn flow to join drains with inadequate
capacity located within the residential and commercial areas
of the city.

Floods and drainage density

Figure 3 shows the floodable areas and the high and low
water converging areas within the watershed. Very high
drainage density values range between 149 and 1117 m/m?
and showed high runoff converging areas. High drainage
density was also found to be in the range of 1117-1702 m/
m?, which defined the area as a high runoff converging point.
Water flows from high-land areas to low-lying areas in the
metropolis and this increases surface runoff. The medium
and low converging points of runoff were also found to be
ranging between 1702-2563 m/m? and 2563-4070 m/m?,
respectively. The very high converging points were found
to be within the most floodable areas (Fig. 3a and b), and
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Fig.3 a Drainage density map and b map of floodable areas map

these areas with very high or high drainage density increase
surface runoff (Kumar et al. 2007). However, areas with low
drainage density influence less surface runoff due to infil-
tration of the surface runoff (Manap et al. 2011; Rahmati
et al. 2014). Nevertheless, these areas have been encroached
by infrastructure (Karley 2009; World Bank 2012; Amoako
and Boamah 2014; Amoako and Inkoom 2017). Runoff
flowing toward these low-lying areas increases in velocity
due to slope gradient, which controls drainage density (Das
and Mukhopadhyay 2018). This further confirms the fact
that the runoff flows toward the low-lying areas within the
metropolis, resulting in the high flash floods in those areas
as identified.

Contour slopes

The contour of the metropolis (Fig. 4) ranges between 0.00
and 120.00 m. Figure 4 shows that the gentle slopes contour
zones range between 0.00 to 20.00 m, while the steep slope
contour zones range from 60.00 to 120.00 m. Observation
from both Figs. 3b and 4 indicates that the natural floodable
and flood-prone zones occur within the gentle slope contour
ranges (Fig. 4). The no floodable areas (Fig. 3b) were also
observed within the contour ranges of 60—120 m (Fig. 4).
This shows that the surface runoffs from the steep slope
areas flow toward the gentle slope zones, which are serving
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as high convergence zones (Fig. 3a) of the runoffs leading
to the occurring floods.

Geological characteristics

From Fig. 5, the geology of the Accra Metropolis is domi-
nated by Dahomeyan (Neoproterozoic) series of about 58%
of the total area, which comprises acidic, ortho, paragnesis,
schist and migmatite, and many of which are rich in gar-
net, hornblende, and biotite. The Accraian (Mid-Devonian)
series covers an area of about 25% in the central part of
the metropolis comprising sandstone, grit, and shale. The
Togo (Neoproterozoic) series covers 17% of the total area
in the western part of the metropolis consisting of quartzite,
sandstone, shale, phyllite, schist, and silicified limestone.
Rocks belonging to the Togo series are generally weak and
loosely bound together and are poorly consolidated and
unconsolidated as a result of sediment depositions (Addo
2010). Observation from Fig. 4 showed that the patterns of
the Togo and Accraian series in the western and central parts
fall within the gentle slopes where high and medium floods
occur perennially. The Dahomeyan series experiences fewer
flash floods as compared to the Accraian and the Togo series
due to the steep contour slopes and a thin overburden, which
impedes groundwater recharge (Erdélyi 1965). Addo (2010)
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also reported that the Dahomeyan (Neoproterozoic) series
is characterized by metamorphic basement rocks overlain
by clay and laterite. However, it was also observed that the
lineament networks (geological structures) were dominated
in the Dahomeyan (Neoproterozoic) series. This implies that
the geological structures in the Dahomeyan (Neoprotero-
zoic) series channel the runoffs into the low-lying areas con-
tributing to the perennial flooding in the Accra Metropolis.

lllegal structures on waterways and impact
of perennial flooding on human lives in the Accra
Metropolis

According to the UNCT Ghana (2015), there are 8470 set-
tlement structures built on waterways within various parts of
the metropolis (Fig. 6). This could be attributed to the fact
that settlers acquired parcels of land illegally without proper
documentation. This is generally dominated by squatters in
the slum areas, which are within the low-lying areas, where
most of the major drainage networks are suited (Oppong
et al. 2020). Circle, Nima, Alajo, Old Fadama, and Agbog-
boloshe are among communities located within the major
drainage network and hence often experience flood-related
incidents. Also, communities like Nima, Old Fadama, and
Agbogboloshe are the most slum-dominated areas within
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the city (Oppong et al. 2020; Owusu and Agbozo 2019).
Apart from the geographical location of the metropolis
which exposes part of the metropolis to flood disaster, solid
waste disposal attitude among many is also one of the key
contributory factors of flood occurrences (Oppong et al.
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2020). In Accra, 608 people have lost their lives between
1968 and 2018 as a result of flash floods. Out of which, 415
died between the period of 1968-2015 (Asumadu-Sakodie
et al. 2015a, b) and 193 also died between 2010 and 2018
(Fig. 7). On June 3rd 2015 alone, 152 people lost their lives
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through a flood-related disaster and several properties were
also destroyed.

For a nation to develop, it depends on the output of its
citizens. However, these lives lost through this recurrent
natural disaster have impacted the nation’s economy and
the psychological stability of the citizens. It is reported that
after the June 3rd 2015 disaster, many families and citizens
went through a lot of psychological trauma (Quarshie et al.
2018). Many could not stand the sight of dead bodies that

were displaced after the floodwaters receded. To date, the
pictures of the dead bodies still echo in the memories of
many citizens.

Annual population estimations
Flooding death tolls of 10 and 152 were recorded in 2010

and 2015, respectively (Fig. 7), largely due to the increas-
ing population. The population of the Accra Metropolitan
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Fig.8 Annual population estimations (AMA 2014, 2015, 2019; Amoako and Boamah 2014)
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Assembly has been increasing at a high rate (Fig. 8). Because
Accra serves as the national capital of the country, about 1
million people commute daily to the city for various services
(AMA, 2014, 2015, 2019, 2020). From Fig. 8, the popula-
tion of the metropolis was estimated as 3 million in the year
2010. It was also reported that the 2014 and 2019 annual
population estimations were the least. In all, the increase in
population has impacted the AMA hydrological pattern and
drainage system, due to the siting of several infrastructures
on waterways and the depletion of the swamps and surface
runoff retention zones.

Conclusion

This study assessed flood vulnerability in the Accra Metrop-
olis using the Digital Elevation Model (DEM) of the area.
The study revealed that the very high drainage density and
high drainage density areas were found to be within the most
floodable areas. Such an observation is consistent with the
fact that all the runoffs flow from the high-land areas to the
low-land areas to cause floods. The gentle contour slopes
were also found to coincide with the natural floodable and
flood-prone zones within the metropolis. Areas within the
Accra Metropolis that fall under geological formations such
as the Accraian and Togo series also experience high floods
as compared to the Dahomeyan series. A couple of other
factors were also contested by several researchers which
include; illegal structures on waterways, climate change
impact and variability, inadequate culverts sizes, block-
age of the major drains due to the accumulation of solid
waste, the immense expansion of the city due to a constant
increase in population, increase in impervious surfaces and
poor national flash flood management plans and weak engi-
neering works. These expose the city to the consistent per-
ennial episodes of floods. Therefore, the Accra Metropolis
requires a paradigm shift from its usual development plans
to improved and sustainable city planning. Urban planners
and city engineers will need to approach city planning and
development in a holistic manner taking into consideration
multiple factors.

In a nutshell, this study used ArcGIS and spatial data to
map flood risk zones in the AMA which could be seen as
the simplest way of modeling flood risk zones. However, it
may not be fully accurate, since there are other hydrologi-
cal modeling methods, near-real-time datasets and tools for
computing and routing floods. The use of the literature and
single data such as DEM may limit more detailed analysis.
Therefore, this study recommends that further studies could
focus on flood routing per the land use land cover dynamics
of the metropolis and taking into consideration the populace
who live close to all the major drains in the metropolis. In
addition, the government’s interventions to mitigate these

perennial floods should take into account the Riparian Buffer
Zone Policy in order to address the problem of encroach-
ment. Organizations such as NGOs and other key stakehold-
ers should ensure community engagements and sensitization
on the consequences of encroaching on waterways.
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