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Abstract Flood is a normal ecosystem phenomenon and a natural hydrological feature of

most river systems. Climate variability may also bring about precipitation events that cause

floods. However, recent floods in most areas may be anthropogenically induced and are on

a spatial and temporal increase. This study assessed rainfall variability, flooding and the

adaptations of slum residents to floods in Kumasi, Ghana. Rainfall data of Kumasi were

collected from the Meteorological Services Department, Accra. Basic descriptive statistics

of rainfall data were used to evaluate the rainfall variability. The Mann–Kendall test was

used to assess rainfall trends. A survey of residents of flood-prone suburbs was conducted

to assess their vulnerability and adaptations to floods. The results show that rainfall in

March and November is significantly decreasing. The floods in Kumasi are not due to

climate change but bad spatial development practices. Most people will pump out water

and build embankments around their houses as adaptations to the floods. Flooding in

Kumasi will continue to outwit local government initiatives of storm drain construction

because the floods are predominantly due to development of effluent streams and less from

flash floods.
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1 Introduction

Floods are part of the ecosystem and a natural hydrological feature of most river systems.

They provide benefits to humans through maintenance of ecosystem functioning such as

sediment and nutrient inputs to renew soil fertility in floodplains, providing floodwaters to

fish spawning and breeding sites (Brinson 1993; Casanova and Brock 2000). However, this

important natural phenomenon mostly causes disasters because human settlements are

getting increasingly closer to the floodplains of river channels, such that, communities are
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more vulnerable and/or unprepared for these floods. Recent floods in most areas are

therefore preventable or anthropogenically induced and are on a spatial and temporal

increase (Intergovernmental Panel on Climate Change [IPCC] 2007; Millennium Eco-

system Assessment 2005).

It is known that urban dynamics are the result of physical, biological and social forces

(Millennium Ecosystem Assessment 2005; Adelekan 2010). A major factor affecting the

urban dynamics and its vulnerability to climate is urbanisation, particularly, in the

developing world. Increasing urbanisation means that the impacts of climate change on

human settlements, if they occur, will increasingly affect urban populations (IPCC 2007;

Adelekan 2010). A significant part of the activities to achieve Goal 7 of the Millennium

Development Goals and climate change mitigation and adaptation will therefore be played

out in the urban environments (Secretariat of the Convention on Biological Diversity

2007). The hazards to which some cities are exposed to are likely to become either more

severe or more frequent, and so the increased risk should be anticipated, if not predicted

(Fedeski and Gwilliam 2007; IPCC 2007). However, urban areas are still understudied, and

much less attention has been devoted to the study of the impacts of global environmental

change on urban areas and the people who live in them. Particularly critical are the more

than 70 % of the urban population living in slum conditions in Sub-Saharan African cities

(Rietbergen et al. 2002; Sánchez-Rodrı́guez et al. 2005).

The extent to which urban centres are vulnerable to changes in climate is influenced by

a variety of factors such as topography, housing, infrastructure and preparedness. However,

this vulnerability could be mediated through social and economic interventions and the

ability of stakeholders and institutions to address the challenges. Research shows that West

Africa is among the most vulnerable regions to climate change worldwide (Niasse et al.

2004; Millennium Ecosystem Assessment 2005; IPCC 2007). However, the information

and capacity needed to meet these challenges are lacking, not only in Ghana but in

developing countries as a whole (Sánchez-Rodrı́guez et al. 2005). It is also known that

climate change affects water resources (Jenerettea et al. 2006) and may cause flooding in

many areas (Fedeski and Gwilliam 2007; IPCC 2007). However, no studies have been

conducted on climate change effects and adaptations by the vulnerable urban communities

as in Kumasi, Ghana.

Relevant research conducted in Kumasi has been on pollution and peri-urban agriculture

(Brook and Dávila 2000; Keraita et al. 2002, 2003; Cornish and Kielen 2003), livelihood

changes in peri-urban environments (Holland et al. 1996; Danso et al. 2002, 2006; Quansah

et al. 2005; Drechsel 2006; McGregor et al. 2006), urban planning (Mabogunje 1990), land

and land tenure (Blake and Kasanga 1997; Botchie et al. 2007). There is certainly a

shortfall in depth and direction of research that would provide the basis for climate mit-

igation and adaptation for disaster risk reduction in the urban environment in Kumasi,

Ghana.

Kumasi has experienced floods in recent years with increasing scale and cost of

destruction. Without any research backing, newspaper reports have attributed it to climate

change and the city authorities blame it on obstruction of waterways. Whatever the cause

of floods may be, most of the residents of the flood-prone suburbs are not ready to relocate.

An investigation into their adaptations to the floods could be very important for future

flood management and adaptation strategies. Milly et al. (2008) advocate for a ‘‘predictable

uncertainty’’ of flooding as a step towards adaptations to flood disasters. The prediction of

this uncertainty can be done in Kumasi only after specific local conditions are assessed to

determine future hydrological conditions based on past climate records. This paper
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therefore seeks to investigate the relationship between flooding and rainfall variability or

change and the vulnerabilities and adaptations of slum dwellers of Kumasi to floods.

2 Methodology

Kumasi is the second largest city in Ghana and lies within latitudes 6�380 north and 6�450

north and longitudes 1�410 west and 1�320 west in the forest zone of Ghana with a climate

described as wet sub-equatorial type (Fig. 1). Like many growing cities in developing

countries, the city’s wetlands are highly anthropogenically impacted (Campion and Venzke

2011). The suburbs being studied have relatively large portions of informal or slum set-

tlements with haphazardly arranged houses built from wood or block. There is little or no

drainage network. Most houses directly release their domestic waste water through small

channels to the open which finds its way into surrounding streams. Most of the lands used

for these houses are originally designated as ‘‘natural areas’’ according to the land use plan

of the city and therefore not to be built upon. However, the land owners secretly sell out

small portions of these natural areas leading to a gradual habitation of such zones. Alleys

are very narrow or virtually non-existent because of the continual encroachments and

erection of illegal structures. These communities also have high population densities with

very little social infrastructure. Water is drawn from shallow manual dugout wells. Local

entrepreneurs take advantage of the dearth in services to provide substandard facilities to

these depraved communities. There are several private primary schools and churches

mostly housed in wooden structures. Also, there are no culverts or bridges linking com-

munities on either side of the water channel in these suburbs. Wooden foot bridges are

constructed across the streams and rivers through local efforts. There is no thoroughfare in

most areas so vehicular movement in such communities is limited.

These study suburbs were chosen from a list of most frequently flooded suburbs that

receive media coverage. Because of the density and demographic characteristics of these

suburbs, they are media and political hotspots. The data on flooding, vulnerabilities and

adaptations to floods were obtained from administering 128 structured questionnaires to

household members randomly chosen within the 100 m stream/river buffer range set by the

Water Resources Commission (2008). Interviews were conducted with officials of the

Kumasi Metropolitan Assembly (KMA), Town and Country Planning Department (TCPD),

the Regional Office of the National Disaster Management Organisation (NADMO), key

informants and some sub-chiefs.

Monthly mean rainfall data on Kumasi from 1961 to 2010 were collected from the

Meteorological Services Department, Ghana. Basic descriptive statistics were used to

evaluate the temporal variability in rainfall. The Mann–Kendall test, Z, was also used to

determine annual and monthly rainfall trends and trends in rainy days per year (Modarres

and da Silva 2007; Batisani and Yarnal 2010). Positive values of Z indicate increasing

trends whilst negative Z indicates decreasing trends. When testing either increasing or

decreasing monotonic trends at a p significance level, the null hypothesis is rejected for

absolute values of Z [ Z1-p/2. The standard significance levels of p = 0.05 are applied.

The true slope of the linear trend, Q (change in rainfall per year), was estimated with the

nonparametric Sen’s method (Gilbert 1987). The Sen’s method uses a linear model to

estimate the slope of a linear trend. The slope can be computed efficiently and is insensitive

to outliers; it can be significantly more accurate than simple linear regression for rainfall

data which may be skewed and heteroscedastic. Therefore, for measuring seasonal envi-

ronmental data, the Sen’s slope estimate has been proposed as preferable (Leroy and
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Fig. 1 Map of Ghana with an insert showing and the flood-prone study suburbs: Atonsu (A), Ahensan (B),
Asokore Mampong (C), Atonsu (D), Dakwadwom (E) and Kwadaso Estates (F) within the limits of the
Kumasi metropolitan assembly
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Rousseeuw 2003). The relationship between total rainfall and number of rainy days

(rainfall C1 mm/day) and heavy rainfall events (rainfall C31 mm/day derived from an

estimate of the 95th percentile of the rainfall events of 1963 [chosen at random among first

3 years of Kumasi’s rainfall data]) was assessed using correlation. This was to assess if

Kumasi’s rainfall is explained more by the total number of days with rain or by individual

heavy rainfall events.

3 Results

The annual rainfall pattern of Kumasi is weakly bimodal with an annual average of

1,374.8 mm. The first and major rainy season starts from a relatively dry period in January

with an average rainfall of 18.9 mm and peaks in June with an average of 211.7 mm. The

second rainy season starts from August with an average rainfall of 87.7 mm and peaks at

an average of 168.9 mm in September and drops to an average of 23 mm in December.

The descriptive statistics of the rainfall from 1961 to 2010 is presented in Table 1.

Within these 50 years, there were 15 January months and 6 December months without

rainfall. All the other months had rainfall. The months with the highest variability in

rainfall distribution are the rainy season months between April and October. The rainfall

distribution for these months is also characterised by relatively high coefficients of vari-

ation and that for August and September is significantly peaked over the normal distri-

bution (kurtosis of 6.98 and 5.50, respectively). All the monthly rainfall distributions have

positive skew values. That is, several extreme rainfall values lie to the right of the mean.

Skewness for August is the highest (2.06).

The nonparametric Mann–Kendall (Z) and Sen’s slope (Q) tests could not generalise

either an increasing or a decreasing trend for the given set of data. Rainfall for January and

September shows no trends. April and August are experiencing an increasing trend in

rainfall, whilst that of February, May, June, July, October and December is decreasing. In

both instances above, the trends were not significant. Only rainfall for March and

November had significantly decreasing trends over the period (Z = -2.44, Q = -1.20 and

Table 1 Descriptive statistics of the monthly rainfall pattern of Kumasi from 1961 to 2010

Variable Minimum Maximum Mean SD Variance Skewness Kurtosis Mann–

Kendall Z

Sen’s

slope Q

January 0 111 18.92 25.85 668.05 1.52 1.97 0.00 0.000

February 1 135 55.75 40.03 1,602.44 0.43 -0.92 -1.31 -0.546

March 36 310 119.12 53.61 2,874.49 1.21 2.31 -2.44* -1.200

April 45 311 146.32 64.54 4,165.61 0.80 0.03 0.90 0.631

May 46 307 174.79 63.93 4,086.88 0.43 -0.56 -1.15 -0.715

June 41 377 211.73 83.00 6,889.14 0.26 -0.66 -0.47 -0.490

July 18 446 146.62 98.14 9,630.74 1.10 1.20 -0.74 -0.562

August 7 400 87.70 69.71 4,859.20 2.06 6.98 0.49 0.304

September 15 535 168.89 87.10 7,586.15 1.80 5.50 0.00 -0.004

October 43 336 156.12 63.55 4,038.46 0.77 0.73 -0.50 -0.378

November 3 213 62.38 47.33 2,240.15 1.20 1.24 -2.90* -1.145

December 0 116 26.40 26.60 707.48 1.37 1.81 -0.26 -0.025

* p = 0.05
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Z = -2.90, Q = -1.15, respectively, at a statistical significance level a = 0.05). That is,

the average rainfall for these 2 months was decreasing at 1.20 and 1.15 mm per year,

respectively. The annual total rainfall also showed a decreasing trend with a slope of

0.59 mm/year although not significant (Fig. 2). The heavy rainfall trends for the two flood-

prone months of June and July are varied. Whilst the heavy rainfall events are decreasing

for June (Z = -0.78, Q = 0.00), that for July is increasing (Z = 0.91, Q = 0.00) but both

are not significant. In general, for all the trend analyses, the residuals are more positive and

randomly distributed for most of the months. The Sen’s slope estimate and Mann–Kendall

tests therefore reflect data that are random and from the same distribution.

The first rainy peak of the year (May, June and July) has always been associated with

floods in the selected study suburbs of Kumasi. Table 2 provides an extract of rainfall

events that have been reported in the media to have caused floods and documented by the

NADMO Office in Kumasi for 2009. June and July were the months with the most reported

incidence of floods. These rainfall events were categorised into rainy days and heavy

rainfall events. Except for the flood that occurred on 9 June 2009, all others occurred

during or after heavy rainfall events. The relationship between all rainfall events and the

total monthly rainfall was measured by correlation. The results showed that total monthly

rainfall is explained more by heavy rainfall events than the number of rainy days in the

month (85 % and 72 % of variance in common between heavy rainfall events and rainy

events with total rainfall, respectively). A trend analysis of heavy rainfall events showed

that annual heavy rainfall events are decreasing in trend, although not significant (Z =

-0.10, Q = 0.00). The heavy rainfall trends for the two flood-prone months are

varied. Whilst the trend in heavy rainfall events is increasing for June (Z = 0.53,

Q = 0.00), that for July is decreasing (Z = -0.13, Q = 0.00).

Various types of houses were identified within 100 m from the water channel (Fig. 3).

These were permanent block structures in the form of multifamily residential facilities

commonly called compound houses, single-family self-contained structures (detached or

semi-detached), L-shaped detached or single-room structures and wooden structures

(Fig. 4). The wooden structures were found in Aboabo, Ahensan, Atonsu and Dakwad-

wom. Occupants had lived less than 10 years in these facilities. When the economic

conditions of these residents improve, most of them transform the wooden structures to

more permanent block structures. The predominant housing types for respondents from

Aboabo are compound, wooden or L-shaped detached houses. The houses in Aboabo,

unlike those of Kwadaso Estates, are mostly multifamily permanent compound structures

with relatively large numbers of residents even at the household level. Those in Kwadaso

Estates are mostly single-family accommodations. Majority of the respondents (62 %)

either own the houses or are part of the extended family and do not pay rent. The largest

proportion of home owners is those in wooden and permanent single-room structures in

Ahensan and Atonsu. Most of the multifamily residential facilities like the compound,

detached and semi-detached houses have tenants who are completely separate households.

There is also a relatively high tenant turnover in these areas. Most tenants who did not

know of the annual floods usually moved out after one or two flood experiences. The

relationship between length of stay and prevalence of flood was assessed using the Pear-

son’s correlation. There was no relationship between number of years of stay in an area and

presence or absence of floods (r = -0.135).

The estimation of the number of days the flood waters take to recede in the suburbs

depended on the location of respondents’ houses. The predominant number of days the

people lived under flood conditions is more than 20 days in a year for all the suburbs

(Fig. 5). For some suburbs like Ahensan, Atonsu and Dakwadwom, it took more than
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Z= -2.44* 
Q= -1.20 

Z= -2.90** 
Q= -1.15 

Z= -0.89 
Q= -2.34 

Fig. 2 Trends in total annual rainfall and the 2 months with significantly changed rainfall trend in Kumasi
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1 month for the water to recede in some areas, especially, those closer to the water channel

(Fig. 6). The estimation of the loss by various institutions and the newspaper reportage of

damage keeps rising year after year and varies depending on the interest and capacity of

the person or institution making the estimates.

The action a resident takes in times of flood is very much dependent on the person’s

previous flood experiences (Fig. 7). Most first time rent paying tenants of these suburbs do

not know that their houses are flood prone. These first time residents are usually shocked

and annoyed at the non-disclosure that the area or house is flood prone. They then attempt

to retrieve their rent (rent is usually paid 2–5 years in advance) in order to relocate. When

the rent retrieval fails, the coping strategies of such first time flood victims are usually

egocentric, for example, move out till the conditions improve; seal or open vents in

Table 2 Rainfall events and reported floods in some suburbs of Kumasi in 2009

Flood conditions Antecedent conditions

Date Amount of
rainfall (mm)

Flood location Date of last
rainfall

Amount of
rainfall (mm)

09/06/2009 27.8 Aboabo, Anloga, Oforikrom,
Ahensan, Kwadaso Estates,
Dakwadwom, Bomso, Sisaso, Atonso

08/06/2009 3.1

11/06/2009 60.4 10/06/2009 0.1

15/06/2009 43.3 13//06/2009 19.1

26/06/2009 90.3 25/06/2009 17.3

04/07/2009 53.4 03/07/2009 12.8

09/07/2009 72.7 08/07/2009 27.6

Fig. 3 Homeownership and residential types of respondents of the various suburbs of Kumasi
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building to block water or allow for flow of water as may be deemed appropriate; build

embankments around apartment (Fig. 8); and/or complete relocation of (movable) prop-

erty; and complain to the city authorities. Most of these individual efforts often bring

conflicts between the person and the landlord or neighbours. Some of the conflict issues

were disagreements on the direction of a new drainage channel created by the individual;

Fig. 4 Cluster of different house types close to a stream bank in one of the study suburbs in Kumasi

Fig. 5 Recession time of water at the various flood-prone suburbs of Kumasi
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perception of the individual as being a free rider or proud for not participating in com-

munal efforts; and the individual’s refusal to contribute in cash or in kind to community

efforts.

Residents, who have lived in these suburbs for a while, respond differently to the floods:

they are more accommodating to their landlords. Together with landlords and other ten-

ants, they employ more communal adaptations to floods. This category of residents

mobilises and participates in the construction of new drainage channels and (re)dredging of

streams; construction of networks of raised walkways to the various houses or compounds

(Fig. 9). They help the landlords by providing labour or sometimes technical expertise or

financial assistance to build embankments or major modifications around houses (Figs. 10,

11). Direct financial assistance to landlords is usually not paid back but rather absorbed as

an extension of the rent. These old residents do not make complaints to the city authorities

because they know it will have little or no effect. Also, in these poor suburbs, there is a

very strong sense of believe in the mercies of God and reliance on political promises to

reduce future floods. They believe the situation will soon improve when the political

promises to improve their neighbourhoods are fulfilled. After making all these preparations

or inputs in any given year, most people accept the flood as an inevitable annual incident

and do nothing except wait for the dry season. KMA’s responses to these floods have been

reactionary. It identified the obstruction of waterways by houses and waste as the main

causes of the floods. However, nothing is done until each major flash flood event and the

KMA responds by demolishing houses on waterways (Fig. 12) and the construction or

desilting of storm drains.

4 Discussion

The rainfall pattern for Kumasi, as described above, is due to its dependence on convection

following the movements of the Intertropical Convergence Zone (ITCZ). This is the

dominant mechanism producing rain in this region (Barbé et al. 2002). After September,

the ITCZ is receding and there is less penetration of moisture laden winds to cause rainfall,

Fig. 6 Flood scene in a suburb of Kumasi, Ghana. Note the channel used to drain off the water from the
neighbourhood
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hence the weaker second peak. The higher statistical variations of the rainy season months

may be due to inconsistencies in quantity and temporal distribution in the rainfall as shown

by the skewness and kurtosis. Positive skew values mean that the larger proportions of the

rainfall for those months are a result of extreme rainfall events (Barbé et al. 2002;

Modarres and da Silva 2007; Batisani and Yarnal 2010). This is also shown in the cor-

relation analysis. The results of the statistical analyses of rainfall for July, August and

September, which are the peaks of the rainy season and floods in Kumasi, are therefore not

Suburb is flooded

individual community

• Move residence to new location
• Retrieve their rent
• Relocate till water subsides
• Complain to authorities
• Fetch/pump water out of room or 

house
• Seal water ways and build 

embankments around room or house

• Things will improve here
• God will take care of things. It will 

not always be bad
• Construct bigger drainage channels 

in the neighbourhood
• Dredge river/stream channel
• Build higher embankments around 

house
• Do nothing

• Moved out or started to behave like 
an old resident

• Moved out or started to behave 
like an old resident

• Construct drainage channels in the 
neighbourhood

• Dredge river/stream channel
• Build embankments around house
• Build houses on stilts
• Improve o n our houses
• Do nothing

• Move things to higher grounds
• Construct drainage channels in the 

neighbourhood
• Dredge river/stream channel
• Build embankments e.g. with sand 

bags or ridges
• Fetch/pump water out of room or 

house
• raised walkways of block and wood 
• Do nothing

First year 
(Y)

Next year 
(Y+1)

Subsequent 
years 
(Y+1+2+…n)

New resident Old resident and homeowners

Fig. 7 Flood response of new and old residents of flood-prone suburbs of Kumasi
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surprising and could be due to heavy rainfall events as shown by the correlation results.

Even though this analysis did not consider time between rainfall events, an antecedent

condition such as date of last rainfall event could have affected the probability of occur-

rence and duration of floods. For example, rainy days preceding heavy rainfall events could

increase the probability of flooding due to soil saturation and rise in water table leading to

increased overland flow. November and March are in the dry season. The effects of the

significant decrease in rainfall in these months on the incidence floods in June are not

known. However, these dry months may decrease the water table and reduce stream flows.

Because these streams are not being directly used by the people, this threat is insidious.

Fig. 8 An individual adaptation to flood by building a wall around the door to a room in a compound house

Fig. 9 Adaptation to flood by raised walls and raised wooden walkways between two houses in Kumasi
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Even though the floods occurred during or after heavy rainfall events, the relatively long

time it takes for the flood waters to recede may indicate that not all the floods are flash floods.

These suburbs and houses are situated on lands, hitherto, considered as wetlands. This is

evidenced by the prevalence and dominance of vegetation adapted to growing in water and

saturated soil conditions (Campion and Venzke 2011). The experiences of these flood-prone

neighbourhoods are, therefore, consequences of the spread of physical urban developments

into wetlands. The clearing of vegetation, surface compaction and expansion of such com-

pacted areas due to urbanisation may increase overland flow and produce flash floods as

Fig. 10 Adaptation to floods by building a wall around house. Note the raised car ramp and staircase into
the house

Fig. 11 Adaptation to floods by construction on a house on stilts in a flood-prone suburb in Kumasi
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described by Griggs and Paris (1982) and the United Nations Inter-Agency Secretariat of the

International Strategy for Disaster Reduction (2005). However, the rising of the water table

during the rainy season (peaking in June) creates a network of surface streams called effluent

streams in large parts of these suburbs. The discharge of an effluent stream is sustained by

groundwater for long periods of time between runoff-producing rainfall events. The rainfall

recorded each year increase the groundwater levels and therefore trigger the flow and

extended duration of these effluent streams in June and July. Effluent streams, rather than

flash floods, best explain the delay of the flood waters from drying out in the neighbourhoods.

Also, the networks of raised walkways and drainage channels could only be an adaptation to

protracted effluent stream flows rather than flash floods.

Also, these flood-prone suburbs are predominantly inhabited by the urban poor and new

rural–urban immigrants. Even though there is no spatial poverty profile of the residents of

Kumasi, the physical location and characteristics of the poor are undeniably obvious in the

housing landscape: an agglomeration of dilapidated structures without social infrastructure

and amenities. However, estimated economic losses from the floods keep rising year after

year irrespective of the scale of the floods in accordance with findings of Golnaraghi et al.

(2009). Because the type and quality of houses identified in these suburbs are among the

worst in the city, the reported increases in economic losses may be due to improvement in

the economic conditions of these slum residents leading to increase in acquisition of

precious and capital goods and services which are easily destroyed by the floods. Also,

after living in such environments for several years, there is increased resilience by residents

and general losses may decrease except for the occasional flash floods. Almost all heavy

rainfall events produce flash floods which is increasingly making it difficult for residents to

predict and work within previously known weather estimates. Also, there is usually the

perception and anticipation of help or a craving for public sympathy by these victims and

therefore the tendency to exaggerate their losses due to floods. Either way it is difficult to

independently verify these claims or accurately estimate the value of properties destroyed

by the floods.

Fig. 12 A house marked for demolition by the KMA in a flood-prone suburb of Kumasi
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In recent years, the notion of adaptation has become a significant component of climate

change literature and international negotiations on climate (Niasse et al. 2004; World

Meteorological Organisation 2006; IPCC 2007; Ireland 2010). This study describes indi-

vidual and communal coping strategies rather than the expected proactive and concerted

efforts by city authorities at managing floods. Rather than depending on the city authorities

or complaining, the old residents might have developed strong social ties in the community

and with their landlords and are therefore motivated and responsible to contribute to

solving the problem. For these people, the pull forces to remain therefore transcend the

push effect of annual floods. Also, when calls for assistance are made, there is relatively

little from the city authorities because most of these landlords in these flood-prone areas

have problematic relationships with the KMA. The KMA’s flood management strategy is

to increase the free flow of flood water through the construction of storm drains and

removal of illegal structures in the waterways (KMA 2006). Therefore, many houses in

these neighbourhoods have no building permits and have been marked for demolition. Yet,

according to the United Nations Inter-Agency Secretariat of the International Strategy for

Disaster Reduction (2005), the KMA is to act with all stakeholders to reduce these risks.

Community resilience to these floods could therefore be improved if city authorities, like

the KMA, harness their efforts with local efforts and know-how rather than single handily

and repeatedly demolishing the ever mushrooming houses in these flood-prone areas.

5 Conclusions

This study sought to investigate the rainfall variability, causes of floods and adaptation

strategies of the poor to floods in Kumasi, Ghana. The total annual rainfall is decreasing but

not significant. Only rainfall for March and November is significantly decreasing over the

period considered. The analyses show that total monthly rainfall of Kumasi is explained

more by heavy rainfall events than the number of rainy days in the month. However, there is

no significant change in trends of heavy rainfall events for the two flood-prone months of

June and July. The floods in Kumasi could therefore not be attributable to changes in climate.

There are two types of floods that affect the suburbs studied: flash floods and effluent stream

floods. The flash floods arise from overland flow due to heavy rainfall events. Effluent stream

floods are due to a rise in the water table during the peak rainy season of June–July causing

relatively long-term surface inundation. The adaptations to floods in these suburbs include

dredging of streams, erection of embankments around houses, moving property to higher

grounds, building a network of raised walkways and building houses on stilts. These are

adaptations to the long lasting seasonal effluent stream floods rather than unexpected flash

floods. Collaboration between city authorities and residents of these neighbourhoods could

reduce the effects and improve their resilience to the annual floods.
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