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Abstract: By 2050, 3.2 million people in urban areas could be at risk from pluvial 
flooding, an increase of 1.2 million from 2015. It is, thus, imperative to understand 
existing coping strategies because such strategies play critical roles in developing 
adaptation strategies to climate change. Current studies demonstrate the role of indi-
genous knowledge (IK)—gathered through observations of plant indicators, animal 
behaviour and astronomy—in the management of climate risks.  However, the use of 
IK in weather predictions in urban areas, specifically in Africa, is under-studied. This 
article assesses the role of IK in early warning of flood risks in informal urban settle-
ments vis-à-vis urbanisation in Africa. The results reveal that people in Ghana depend 
on local indicators for predicting climate hazards (floods and droughts) because they 
provide a timely and spatial fit compared with conventional forecasts. Hence, there is 
a need to consider the validation and integration of relevant indigenous knowledge 
into early warning scientific systems for effective early warnings and adaptation 
strategies.

Keywords: Cities, urban, climate change, floods, indigenous/traditional knowledge, 
early warning.

INTRODUCTION

Recently, there has been growing awareness that scientific knowledge alone is 
 inadequate to address climate crises, whilst the role of local or indigenous knowledge 
(IK) in generating climate knowledge and adaptation strategies is increasingly being 
acknowledged (Finucane 2009, Joshua et al. 2017, Mafongoya & Ajayi, 2017a, 2017b). 
There is no standard definition of IK. This paper adopts the Berkes (2012) definition, 
which states that IK is 
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a cumulative body of knowledge, practice, and belief, evolving by adaptive processes 
and handed down through generations by cultural transmission, about the relationship 
of living beings (including humans) with one another and with their environment. 

Many studies have reported how local people for many decades have relied on IK for 
informed decisions in managing climate risks based on their long-term observations 
of plant indicators, animal behaviour and astronomy (Kalanda-Joshua et al. 2011, 
Kangalawe et al. 2011, Kijazi et al. 2013, Nkomwa et al. 2013, Nyong et al. 2007, 
Roncoli et al. 2009). For example, in Swaziland, in addition to observing wind direc-
tion and the shape of a crescent moon, local people observe ‘nest heights of emahloko 
birds (Ploceus spp.) in trees to predict floods’ (Mafongoya & Ajayi 2017b: 40). When 
nests are high, floods are likely to occur. Similarly in Mpasu, rural Malawi, a dark 
cloud in the west is indicative of imminent floods; hence people have to move to higher 
ground (Kalinga-Chirwa et al. 2011, Nkomwa et al. 2013). Additionally, other indica-
tors of heavy rains (for example, winds blowing in all directions) are indicative of 
floods in the rainy season, whereas a high occurrence of the stalk-boring moth—
mbozi—is indicative of drought in Mpasu and Mphampha, rural Malawi (Joshua  
et al. 2017). In this regard, IK has been found useful in predicting imminent weather 
conditions. Although parameters used in observations differ, there is increasing 
 evidence in the literature that shows convergence between IK and conventional 
 science: for example, convergence of IK system forecasts with scientific forecasts, 
 climate change and seasonal predictions (Joshua et al. 2017, Kalanda-Joshua et al. 
2011, Mafongoya et al. 2017). Hence, there is evidence of the integration of scientific 
climate and weather forecasts or policy-related adaptation. However, though con-
siderable attention has been paid to the use of IK in climate or weather predictions in 
rural areas, and specifically in Africa (Chanza & Mafongoya 2017, Joshua et al. 2017, 
Mafongoya et al. 2017, Mubaya et al. 2017), urban space is under-studied. In addi-
tion, studies have shown that some IK indicators, such as those based on flora, are 
losing their value in the face of climate change, but this is context specific (Joshua  
et al. 2017). Hence, localised studies on IK for decision making in urban space deserve 
special attention. This paper focusses on assessing the role of indigenous knowledge in 
the early warning of flood risks in informal urban settlements.

It is widely reported that the world is rapidly urbanising (Punjabi & Johnson 2018, 
UNDESA 2019), and many cities and their peri-urban areas, particularly in develop-
ing countries experiencing rapid urbanisation, are struggling to manage the combined 
effects of a growing population and climate risks, especially among the poor, who are 
faced with multiple stresses and low adaptive capacity (Johannessen et al. 2014). While 
increasing attention has been paid to the social, political and environmental effects of 
urbanisation (Johannessen et al. 2014, Punjabi & Johnson 2018), the impacts of  climate 
risks and coping strategies in urban informal settlements are poorly understood.



 Rapid urbanisation and implications for indigenous knowledge 185

Several studies have found that flood vulnerability in urban areas has become an 
increasingly severe and more frequent problem in most African cities, with adverse 
consequences for the urban poor who cannot afford the highly bureaucratic processes 
and high costs of formal landownership and are hence attracted to unplanned infor-
mal settlements/areas/slums, mostly overcrowded and found in marginal land 
(ActionAid, 2006, Douglas et al. 2008, Joshua et al. 2017, Rice & Steinkopf Rice 
2012, Satterthwaite 2008, Satterthwaite et al. 2007). Douglas et al. (2008) have uncov-
ered a wide range of adverse impacts of urban flooding on poor urban dwellers, 
including: loss of basic livelihoods, spread of waterborne diseases, restricted move-
ment, homelessness and, in extreme cases, loss of life. Rapid and uncontrolled 
 urbanisation, densification of informal settlements, marginalisation and urban 
 poverty increase the vulnerability to flood hazards in these low-income communities 
in developing countries (Zoleta-Nantes 2000). This makes the link between informal 
urbanisation and human vulnerability to flood hazards in African cities apparent and 
worthy of scrutiny. This includes understanding how the local communities in  informal 
settlements perceive climate risks: in particular, flooding experiences, preparation and 
coping. A comparative study with a rural community provides important insights for 
informed policy and interventions.

As stated above, for many decades, traditional communities in Africa have 
 continued to rely heavily on their own indigenous knowledge systems (IKS) in system-
atic observations of their environment and dealing with natural hazards. These 
 communities, particularly those in hazard-prone areas, have collectively generated a 
vast body of knowledge on disaster prevention and mitigation, early warning 
 preparedness and responsiveness. This knowledge, also known as traditional or local 
knowledge, is obtained through observation and study and is often based on  cumulative 
experience handed down from generation to generation (Berkes 2012, Kalanda-Joshua 
et al. 2011, Pareek & Trivedi, 2011). The indigenous observations and interpretations 
are considered social capita for the poor and an invaluable resource for scientific 
 studies. As put by Mafongoya and Ajayi (2017a: 19)

this knowledge contributes to climate science by offering observations and 
 interpretation at a much smaller spatial scale with considerable temporal depth,  
and by highlighting aspects that may not be considered by climate scientists. 

Conventional weather and climate forecasting is ‘often criticised for not delivering 
concise information on local climatic variation and for its poor communication, i.e. 
messages are too scientific and technical’ for local people with a  low level of educa-
tion (Joshua et al. 2017). Additionally, increased rainfall variability in many parts of 
Africa has increased uncertainty in seasonal rainfall prediction, hence ‘posing a 
greater challenge to scientists in their efforts to improve forecast accuracy and reliability’ 
(Joshua et al. 2017). In this context, studies now widely agree that conventional  science 
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alone cannot adequately address climate challenges (Finucane, 2009, Joshua et al. 
2017). Over the past decade reports from the International Panel on Climate Change 
(IPCC) have repeatedly highlighted the value of IK in informing climate adaptation 
strategies that are affordable, participatory and sustainable (InterAcademy Council 
2010, IPCC 2007a, 2007b). IK is viewed as a collaborative concept that, combined 
with scientific approaches, can be applied to produce better knowledge systems and 
informed policies that are context specific (Joshua et al. 2017, Whyte 2013). Indigenous/
traditional peoples who are vital and active parts of many ecosystems may therefore 
help to enhance the resilience of these ecosystems. The livelihoods of most indigenous 
rural communities turned urban still depend on natural resources that are directly 
affected by climate change and variability and human interference, and they often 
inhabit economically and politically marginal areas in diverse, but fragile, ecosystems. 
Despite its usefulness, IK is under-documented in urban studies. IK and its relevance 
are often site specific (Kalanda-Joshua 2011, Nkomwa et al. 2014). Hence, there is a 
need for contextualised studies. This study assessed the relevance of IK in weather 
and climate forecasting for adaptation to climate variability in the agricultural sector. 
IK indicators commonly used for weather and climate forecasting in the villages were 
established through focus group discussions (FGDs) and key informant and house-
hold interviews. Subsequently, people’s perceptions of climate change and variability 
were compared with scientific hydro-meteorological data, which allowed for applic-
ability analyses of identified IK in agricultural adaptation. The results revealed the 
various forms of traditional indicators. This paper seeks to assess the effect of 
 indigenous flood early warning systems in preparing communities to better manage 
imminent floods in the informal settlements of Accra and Tamale.

The cases of Tamale (in the savannah) and Accra (Ghana’s capital and situated 
along the coast) reflect the situation in many cities in sub-Saharan Africa, where rapid 
informal urbanisation is engendering various forms of vulnerability to ecosystem 
 hazards, which local authorities are struggling to come to terms with, and to some 
extent international disaster agencies are still to direct their spotlights on them. One 
of the major vulnerabilities to rapid urbanisation has been flooding, which is largely 
caused by residents who have defied planning regulations and built substandard 
houses in flood-prone zones, creating informal settlements which are usually outside 
formal planning controls.

The majority of the flood-prone communities of Accra and Tamale consist of 
informal settlements, according to the National Disaster Management Organization 
(NADMO 2009). Residents of these informal settlements live in very poor and 
 deplorable conditions and in vulnerable physical and socio-economic circumstances. 
These settlements are found along intermittently used banks of rivers and lagoons in 
the city, the fringes of solid waste disposal sites, railway lines, the fringes of unused 
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industrial sites, and other unused public spaces, and undeveloped peripheries of the 
city, mostly low-lying lands, among other places. Since these locations are seen as 
 illegal, they have very little or no access to basic household and community critical 
amenities such as infrastructure, including water, sanitation, waste disposal, drainage 
networks and access roads. Similar to other African urban slums, these areas are 
prone to flooding events and disasters.

Between 1955 and 2015, property worth over US$130 million was destroyed, over 
300 lives were lost and 50,000 people were rendered homeless either directly or indir-
ectly as a result of frequent flood events, according to several accounts and media 
reports (Adinku 1994, EM-DAT 2016, Gyau-Boakye 1997). While these estimates 
may not capture the uninsured assets of poor households in low-income communities, 
due to the lack of accurate data on slum communities, it is difficult to estimate the 
actual damage costs of flood hazards in informal settlements in Ghana (Okyere et al. 
2013: 63). Official estimates of flood costs in Accra totally neglect the real impacts of 
flood hazards on residents in informal settlements and their capacities to respond. 
Thus, while the losses of high-income areas in the city are more tangible and easily 
measurable in economic terms because they are usually insured (Karley 2009: 37, 
Okyere et al. 2013: 62–3), the impact and loss within low-income and informal com-
munities are less tangible, because they are usually not insured and hence the losses 
are immeasurable by formal institutions. Furthermore, the agency of individual 
households and community groups in dealing with or recovering from these losses is 
also ignored in planning for post-hazard resettlement and rehabilitation by city 
authorities. Such flood management interventions by the metropolitan assemblies are 
hardly ever participatory, since city officials perceive these slum dwellers and their 
informal settlements as the main causes of the problem (Amoako 2015). Yet, these are 
locations where the majority of the urban poor population and those most vulnerable 
to climate risks and flooding live.

Climate change, according to experts and their projections, will exacerbate flood 
events by increasing their frequency, intensity and extent, as the IPCC warns that 
global warming related climate change is likely to lead to, among other things, more 
floods and increased threats to human health in the absence of formal urban  structures 
(SEDAC 2017). This, plus continued urbanisation, imply increased exposure to flood-
ing events in informal settlements. Adaptation is therefore essential. Two pathways are 
early warning preparedness and response. In the absence of formal structures, it is 
therefore important to understand how people in these settlements prepare for and 
respond to flooding events. Such information can help to build resilience into these 
ecosystems and residents’ livelihoods which are often believed to be traditional.
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MATERIALS AND METHODS

This paper is partly made up of some syntheses of materials and a survey of selected 
institutions operating within the flood management spaces of Accra and Tamale. 
Accra is the capital city of Ghana in West Africa. Tamale is the capital city of Northern 
Ghana, and is largely peri-urban including several rural communities surrounding it, 
offering a rural perspective on the questions. Similar surveys were conducted in 
selected communities of the remaining eight regions of Ghana (Table 1) to validate 
the urban and rural dynamics of the country. Mini-workshops and interviews were 
carried out with flood victims from the selected communities. Nine institutions 
enmeshed in flood management in the cities and communities were preselected for the 
field study. 

Both unstructured questionnaires and in-depth interviews were used. A key 
 manifestation of how prepared the officers were was the number of relevant govern-
ment policy documents organised beforehand and given to the researchers during the 

Table 1. Study communities, corresponding districts and regions.

Community District Region

Galaka Bawku West Upper East
Kobori   

Binde Bunkpurugu-Yunyoo Northern
Najong No 1&2  

Dikpe Lawra Upper West
Bagri Zongo  

New Onyinase Techiman Brong Ahafo
Ahenbronose  
Twimia Nkwanta  

amakom Kumasi Ashanti
Anwomeso  

Krobo Shama Western
Anlo Beach  

Kwaproh Cape Coast Central 

Avenor Accra Greater Accra
Alogboshie  
Odawna  

Begoso Fanteakwa Eastern
Bososo  

Torve Akatsi-North Volta
Wute  
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interviews. We also scheduled informal interviews with some retired public officials 
believed to have worked on and gained extensive knowledge of urban and rural flood-
ing in Ghana. Government policy documents were also reviewed to validate views 
sampled during the institutional surveys.

Local /indigenous/traditional knowledge to flood hazard

The methodology for categorisation, analysis and documentation of the function and 
use of IK and its further influence on adaptation to climate change in all the study 
areas was conducted by adopting a similar approach to that of Kihupi et al. (2002). 

Figure 1. Overview of the location of the eleven selected districts.
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Where conditions did not favour this approach, necessary modifications were made. 
Key informant interviews and FGDs were used in data collection. Twenty-five 
 questionnaires were administered to different groups of community residents who 
were 35 years or older, and had lived in the community for twenty years or more, while 
FGDs were organised in each of the selected communities with a flexible represen-
tation of age classes. This was to ensure that the views and knowledge base of all the 
residents of the community were captured, irrespective of their age. A total of one 
thousand and fifty questionnaires were administered in twenty-one communities for 
the study (Figure 1). Additional information was obtained from personal observa-
tions and key informant interviews with both sexes of farmers, NADMO officials and 
staff  of district agricultural directorates. Various community-based techniques used 
in weather forecasting were explored. Areas of discussion included trends in tempera-
ture and rainfall observed in the communities; the impacts of the observed changes, 
which were validated with statistical data on the communities; and the indigenous 
approaches passed on from generation to generation and how these communities in 
their quest to manage the observed changes in climate use them. Access to and use of 
conventional weather forecasts in decision making were interrogated. 

FGDs were important in weighing and balancing the information collected 
through interviews and one-on-one discussions, with a view to producing generalisa-
tions that represent the traditional knowledge existing in the community and the 
 pattern of climatic variables over various climate windows. These trends then created 
an adequate background to how the communities whose populations ranging from 
about 43,000 to 1 million (Table 2) are responding or used to respond to these impacts 
on adaptation strategies.

Table 2. Population of the selected districts.

 District Total Males Females

1. Shama 81,966 38,704 43,262
2. Cape Coast Metropolis 169,894 82,810 87,084
3. Accra Metropolis 1,848,614 887,673 960,941
4. Akatsi (Akatsi South) 128,461 59,165 69,296
5. Fanteakwa 108,614 54,010 54,604
6. Kumasi Metropolis 2,035,064 972,258 1,062,806
7. Techiman Municipal 206,856 100,498 106,358
8. Bunkpurugu Yunyoo 122,591 60,240 62,351
9. Bawku West 94,034 45,114 48,920
10. Lawra 100,929 48,641 52,288
11. Tamale Municipal 233,252 115,926 117,326
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Flood categorisation and trends

McKee defines the SPI as the number of standard deviations by which the cumulative 
precipitation at a given time scale (usually 1, 3 or 6 months and 1 or 2 years) deviates 
from the long-term mean. In order to determine the SPI of any catchment and period, 
1, 3, 12 and 24 months of precipitation data are accumulated and fitted to a gamma 
distribution, which is a necessary condition for the SPI calculation to avoid bias 
(McKee et al. 1993, Ntale & Gan 2003). The SPI is the value of z from the standard 
normal distribution calculated on the basis of the same cumulative probability as the 
gamma distribution. Therefore, the SPI values are the standardisation of total 
 gamma-transformed accumulated precipitation values.

A positive value of SPI indicates that precipitation is above average and a negative 
value indicates it is below average. Accordingly, values of SPI ranging from −1 to +1 
express a normal precipitation regime and values out of this range represent relevant 
deviations from the normal amount of rainfall. Values of SPI ranging from +1 to 
+1.5 and +1.5 to +2.0 are associated with moderately wet and very wet periods, 
respectively, and SPI values exceeding +2.0 are representative of extremely wet   
periods. Moderately dry, very dry and extremely dry spells are characterised by the 
same SPI ranges with a negative sign (McKee et al. 1993).

The IPCC predicts that ‘heavy precipitation events, which are very likely to increase 
in frequency, will augment flood risk’ (IPCC 2007a, see also Nicholls et al. 2007). 
These floods will affect life and livelihoods in human settlements in all areas: for 
example, coastal zones, river deltas and mountains. Flooding is also increasing in 
urban areas, causing severe problems for poor people (Bates et al. 2008, InterAcademy 
Council 2010, IPCC 2014, WMO 2003).

Ghana’s national communication to the United Nations Climate Change 
Conventions (UNFCCC) states that there is clear evidence that the potential negative 
impacts of climate change are immense, and Ghana is particularly vulnerable due to 
its lack of capacity to undertake adaptive measures to address environmental prob-
lems and the socio-economic costs of climate change. These include climate change 
associated health problems, climate-induced disruption of agricultural systems, flood-
ing of coastal areas, which are already undergoing erosion, among a host of other 
problems; hence the importance of this study.
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PERCEIVED RAINFALL TRENDS AND OCCURRENCE 
OF FLOODS FROM THE PERSPECTIVES OF LOCAL PEOPLE

The different survey participants felt that the rainfall pattern was changing, with 
 notable effects on the occurrence of flooding in their locations. They mainly men-
tioned changes in precipitation, specifically in relation to onset, cessation, quantity, 
intensity and distribution. First, we describe rainfall trends and associated indicators 
in the rural community of Tamale. Then we report trends in Accra from the  perspectives 
of local people.

Trends in precipitation and flooding from the perspective of local people in the rural 
community of Tamale

Quantity of rainfall 
Communities surveyed in the rural districts were unanimous that rainfall has been 
increasing over the past thirty years. In all the FGDs, the communities were  unanimous 
that the quantity of rainfall has seen gradual increases over the last thirty years and 
even beyond, for as long as they could remember. Also, 87.5 per cent of respondents 
to the questionnaires indicated that rainfall has increased in the district. In the last five 
years, the communities have observed a marked increase in the quantity of rainfall. 
About 9 per cent of respondents were, however, of the opinion that rainfall has 
decreased and 3.4 per cent think that there has been no change in the quantity of 
rainfall. 

Invariably, this observed increase in the quantity of rainfall was based on  noticeable 
manifestations of changes in rainfall-dependent and related landmarks in the commu-
nities as well as livelihood-based activities. The indicators below were used as evidence 
to buttress the observed increases in the quantity of rainfall:

i Increased flooding (frequency and intensity): There is increased flooding. Flooding 
has become frequent in the community now compared to previous years. For the 
past ten years, the place has recorded flooding every year, but since 2007, the flood 
situation has been intense and in a single year, at least three flood occurrences 
could be recorded. From January to July 2011, three major floods were recorded. 
The floods are pronounced because of increased rainfall, which never used to be 
the case for the previous forty years. For example, in the Enchi market, where 
flooding has been a regular feature, the market women have observed a worsening 
situation since 2007 when flooding became an annual occurrence, with sometimes 
as many as three heavy floods in a year.
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ii Occurrence of pools of water: In recent times, pools of water have been gathering 
on footpaths leading to farms due to the increased rainfall. This has resulted in 
accessibility difficulties which never used to be the case. 

iii Destruction of physical infrastructure by flood waters: Buildings and other  structures 
are frequently destroyed by flood waters. 

iv Increase in space covered by flood waters: In the past, the community did not 
 experience total flooding even during heavy rains that resulted in flooding. But now 
a whole community gets flooded, leaving just a small segment of the community to 
undertake evacuation and temporary resettlement. 

Intensity of rainfall 
According to the observations of the communities in the district, there has been 
increased intensity in rainfall since the late 1960s. This observation was supported by 
93.2 per cent of the respondents in individual interviews. The communities’  observation 
of increased intensity of rainfall was based on the following observations: 

i Previously, flooding in the community occurred every ten years but now flooding 
occurs every year because the rains come very strongly. Previous flood years were 
1968, 1978, 1987, and 2007. 

ii There have been landslides on some hills, which have destroyed farmlands in 
recent years due to very strong rainfall. 

iii Rainfall currently comes with strong winds, which usually rip off  the roofs of 
buildings and destroy homes and property. This did not happen previously. 

Number of rainy days 
From the FGDs and questionnaires administered, the study established that the 
 number of rainy days per week in a typical rainy season has increased over the past 
thirty years. There is a change from an average of three to five rainy days per week.

Seasonal variation 
The rainfall pattern has completely changed. The focus-group participants reported 
that the rain no longer comes as and when it used to in previous years. There was 
general consensus on the change in the rainfall pattern, with 92 per cent of surveyed 
people confirming that the rainfall pattern has changed. The communities based their 
observations of the seasonal variation in the onset and distribution of rainfall on their 
understanding of rainfall patterns, which have characterised their locality and have 
also been the basis on which farming operated.
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Precipitation and flooding trends from the perspective of local people in the urban 
communities of Accra 

Similar factors were highlighted in the urban community of Accra, but indicating a 
contrasting rainfall pattern and occurrence of floods. In the following, we describe the 
trend in precipitation and occurrences of flooding, as presented by urban  communities 
of Accra.

Quantity of rainfall 
The quantity of rainfall is decreasing in the Accra Metropolitan area. According to 
the surveyed communities, the amount of rainfall that has been experienced in recent 
times has declined drastically, and they based their assertion on the following 
observations: 

i Low water levels in lagoons: The water level in the lagoons in the community has 
decreased significantly in recent years. Since the damming of the Volta River, the 
major source of water inflow into the lagoon has been rainfall; hence the  reduction 
in water level in the lagoon is proof that rainfall quantity has decreased. 

ii Reduced flow of the Volta River. In the 1970s and 1980s, when rainfall was high, 
the Volta River used to overflow its banks and passed through the community 
during the peak of the rainy season, but now that hardly occurs. The rainy season 
then was continuous and had lots of rain. 

iii Disappearance of pools of rain water in the community: There used to be pockets 
of water and lakes around the community, but they are no more. 

iv Declining trends in flooding: Flooding is not occurring now as it used to in  previous 
years when rainfall was always followed by flooding of the community. Now 
flooding is a rare occurrence. Floods in the communities in the past were mostly 
associated with rainfall, which caused the lagoons and lakes to overflow into the 
communities, so the reduction in these occurrences is an indication that rainfall 
has decreased over the years. 

v Reduced attention to storm channels: Previously, channels/drains were regularly 
constructed in the communities during the rainy season to take flood waters away 
from the community into the sea, but this is no longer done because the rains are 
not what they used to be, and no longer pose threats of flooding to the 
community. 

Intensity of rainfall 
Rainfall has reduced in intensity. This was based on the following manifestations: 
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i Previously, heavy rainfall was very strong and one could not walk through it, but 
now such rains are very rare. Rainfall mostly comes as light showers. The heavy 
rains that were witnessed in the 1980s are no longer seen in the 2000s. 

ii Houses are not being destroyed during rains as they used to be in the 1970s and 
1980s when very strong rains would always destroy houses. 

iii Rains used to come with a lot of thunder and lightning, but all that has ceased in 
recent years. 

iv Previously the thumping of rain drops could be felt heavily on the aluminium 
roofing sheets, but that scenario is no longer felt. Kpekuitsi, an intense rain which 
means that people could not look straight ahead but had to look down when 
walking in the rain, does not happen anymore. Nowadays, one can just walk 
through the rain with ease and only worry about being wet. 

v The community used to flood after 2 hours of rainfall, but now flooding will occur 
only after about 6 hours of rainfall. 

vi Formerly, it would rain after very thick dark clouds had formed and the rains 
came heavily, but now the clouds can be white and it will rain and such rains are 
not strong. 

vii In recent years, intense rainfall may come for about 30 minutes to about an hour 
and then stop. Previously heavy rains could be continuous for a longer time. 

Number of rainy days 
The number of rainy days per week in a typical rainy season has decreased in the 
urban Accra area. The people had observed that: 

i In current years, especially in the 2000s, the average number of rainy days in a 
week during the peak rainy season is about two compared with the same periods 
in the early 1980s when it could rain almost every day of the week, or at least four 
to five days out of the seven days in a week would record rainfall. 

ii In the past, there used to be times when families would stay indoors and food 
would be prepared for three days because the rains did not stop, but now this does 
not happen. 

Seasonal variation 
The major and minor rainy seasons have not changed, but whereas the major rainy 
season continues to record rainfall, the minor season is becoming extinct. The com-
munity responses were, however, divided about the onset of the  rainy season: some 
believed that the onset of the rainy season had not changed, while others believed that 
the onset of rainy season had not necessarily changed but was no longer predictable. 
Reported observed evidence of variations in rainfall: 
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i About thirty years ago (1980s), the rainy season would start in January and end in 
July, with a drop in rainfall in April. But now there are no rains from January to 
March; rains start in May and end in July. 

ii Rains still come in the major season but in the minor season rain is becoming 
extinct. 

iii The rainy season does not record consistent rainfall. The rains start and there are 
intermittent periods of no rain. 

iv The onset of the rainy season has also slightly changed and become less  predictable. 
There are years when the rains do not come at the expected time. 

Despite these contrasting rainfall trends, both spatial systems experience floods. 
Flooding in the informal settlement of Accra is related to the Odaw drain, the main 
river flowing through the city into the ocean. The problem observed and reported by 
the respondents is compounded by the following factors: 

i urbanisation of the catchment causing very fast runoff; 
ii urbanisation of the old riverbed and low-lying flood plain areas, reducing the area 

available for river flow and storage; 
iii limited discharge capacity of the Odaw drain and its tributaries; 
iv backwater effects from solid waste and structures, like bridges and the Korle 

Lagoon interceptor weir; 
v possible interaction between high tide at sea and the downstream parts of the 

river. 

The above-mentioned problems cause, amongst other things, the hotspots of 
Alogboshi, Avenor and Odawna to be flooded within hours of a heavy rainfall event. 
The flood comes very fast and is especially dangerous when it occurs at night.

Comparison with empirical evidence using rainfall data and the occurrence of 
extreme weather events showed some similarities with the perceptions of the respond-
ents. The respondents’ recollections and descriptions of the various events matched 
the statistical records. (See Figures 2 and 3.) This suggests the reliability of local 
 people’s knowledge of the climate.

The situation in these two different spatial systems reflects what is happening at 
national level. See Figure 4 and Table 3. Figure 4 shows extreme climate events relative 
to mean annual rainfall and mean annual temperature in Ghana from 1950 to 2012. 
Figure 4 shows the country’s experience of inter-annual rainfall variability. It further 
shows years when the country experienced droughts and floods. Ghana has been 
adversely affected by numerous climate hazards—defined as natural phenomena that 
may cause loss of life, injury or other health impacts, property damage, social and 
economic disruption, or environmental degradation (UNISDR 2009)—over the past 
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five decades (Figure 4). These include at least three droughts and nineteen floods, 
which have cumulatively affected over sixteen million people and resulted in at least 
444 deaths—excluding the undocumented numbers of deaths resulting from droughts. 
The occurrence of climate-related disasters in Ghana has had a major negative impact 
on the standard of living of people in the country (Okyere et al. 2012). 

Similarly, Table 3 shows the occurrence of climate hazards in Ghana from 1968 to 
2017. The table further shows the impacts of these climate hazards. Overall, floods are 
the commonest disaster in recent times. Given Ghana’s reliance on rain-fed agricul-
ture, these hazards pose the greatest threats to the agricultural sector in the country, 

Figure 2. Monthly average from 1960 to 2000 compared with 2001–2016 monthly averages for Accra.

Figure 3. Monthly average from 1960 to 2000 compared with 2001–2016 monthly averages for Tamale.
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Figure 4. Extreme climate events (droughts and floods) relative to mean annual rainfall (left-hand y-axis; 
bars) and mean annual temperature (right-hand y-axis; line) in Ghana from 1950 to 2012. 
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Table 3. List of climate hazards and their impacts in Ghana between 1968 and 2017 (EM-DAT 2016).

Year Disaster Region/s affected Total Total people Total damage 
 description  deaths affected (US$)

1968 Flood Central – 25,000 74,700,000
1971 Drought Countrywide – 12,000 100,000
1977 Drought Northern, Upper East, Upper West – – –
1983 Drought Countrywide – 12,500,000 –
1989 Flood Northern  7 2,800 –
1991 Flood Greater Accra 5 2,000,000 –
1995 Flood Greater Accra 145 700,000 12,500,000
1999 Flood Northern, Upper East, Upper West 52 324,602 21,000,000
2001 Flood Greater Accra 12 144,025 –
2002 Flood Greater Accra – 200 –
2002 Flood Greater Accra 4 2,000 –
2007 Flood Northern, Upper East, Upper West 56 332,600 –
2008 Flood Northern – 58,000 –
2009 Flood Greater Accra, Ashanti, Volta,  16 19,755 –
  Western, Central, Eastern
2009 Flood Northern 24 139,790 –
2010 Flood Greater Accra, Central, Volta 45 7,500 –
2010 Flood Brong Ahafo, Eastern, Western,  18 9,674 –
  Upper East, Upper West, Northern
2011 Flood Eastern 6 12,571 –
2011 Flood Greater Accra, Eastern, Volta 14 81,473 –
2013 Flood Northern, Volta  5 25,000 –
2015 Flood Greater Accra 25 5,000 12,000,000

2016 Flood Greater Accra 10 – –
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with the most immediate consequence being a decrease in crop production—especially 
sorghum, millet, maize and groundnuts. These losses negatively impact the livelihoods 
of smallholder farmers, particularly in the northern savanna zones (Choudhary et al. 
2016). When crops fail, farmers often resort to selling livestock to supplement their 
income. As the food deficit increases, farmers are forced to sell more valuable live-
stock, including draft and transport animals, such as oxen and donkeys (Toulin 1986), 
reducing the productive capacity of farms in the long term. Similarly, floods have 
devastating effects both in urban and in rural settings, often leading to humanitarian 
crises. Factors include the effects of climate change on the hydrology of the country; 
extreme weather events, such as continuous and intense rainfall, rivers breaking their 
banks, increased return flow of rivers and more artificiality through poor land-use 
practice and associated planning; and the destruction of the environment by human 
activities, resulting in land-cover change. These may include farming, deforestation, 
sand winning, and the destruction of natural storm breakers such as wetlands, build-
ing in waterways, poor siting of transport, and industrial, waste management and 
settlement infrastructure. 

Given these trends and the impact on people’s livelihoods and the national 
 economy, well-informed interventions are necessary to reduce national vulnerability. 
Likewise, there is a need for an adequate understanding and crafting of future climate 
projections and management of extreme weather events. This is the focus of the next 
section. 

CLIMATE CHANGE AND FLOOD MANAGEMENT 
IN ACCRA AND TAMALE

The projections for the future climate of Ghana—particularly with respect to rainfall 
and temperature—are consistent with the projections for other regions. It is projected 
that the wet seasons will get wetter while the dry season will get drier. In line with the 
projections for other regions (caused primarily by the intensification of the hydro-
logical cycle), it is expected that the proportion of total annual rainfall that falls in 
heavy events will increase. On the other hand, there is a projected trend towards a 
decrease in dry season rainfall (January–June). If  risk-mitigation measures are not 
put in place, these trends suggest that there will be an increase in drought and flooding 
risks in Ghana. The emerging trends from climate change modelling projections are 
an increase in intensity or frequency or both. The projection reveals that the exposure 
of the cities in the north and coastal areas would prevail and may worsen (Figures 5 
and 6). Figure 5 shows the annual deviation from the normal distribution of rainfall 
in the area. The analysis highlights an increase in occurrence of very wet years with 
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the  possibility of flood events of higher intensities. Figure 6, on the other hand, shows 
similar characteristics to the northern part with the potential for increased flooding 
from the already frequent occurrence of flooding in the coastal zone.

Additional SPI analyses were conducted on projected precipitation based on 
IPCC’s A1B scenarios against the base period of 1961–2000 (Figures 5 and 6). 
Although no coherent trends are found in the areas around the basin (Kasei 2009, 
Paeth et al. 2005), inter-annual rainfall variability is more pronounced in the northern 
part of Ghana (Figures 5 and 6). The northern part of the basin is most vulnerable to 
these variations because it has a mono-modal rainfall pattern compared to the south, 
which has relatively higher rainfall amounts due to its bi-modal rainfall pattern. 

Model projections give a blend of moderate and extremely dry and wet years in 
the future (Table 4) raising the alarm about extreme climate hazards. The SPI also 
indicates an increase in the frequency of moderate to severe droughts and floods in the 
future. 

Figures 5, 6 and Table 4 show scenario projections with unchanged frequency of 
flooding for the future compared to the base period but assigning more severe events 
to the future. The southern parts of Ghana will, however, experience an increase in 

Figure 5. SPI values with confidence intervals against various years from 1961 to 2050 graphs for the 
northern part of Ghana.

Figure 6. SPI values with confidence intervals against various years from 1961 to 2050 graphs for the 
southern part of Ghana.
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flood events in the future compared to the north, threatening the very dense and 
ever-increasing population of Accra.

In the event of extreme climate disasters, such as the 2007 floods in northern 
Ghana and central and western regions, the impacts are usually overwhelmingly high, 
as relevant agencies are least prepared or have put hardly any structures in place to 
absorb the shocks. Such impacts could, however, be minimised through proper 
 planning and integration of climate change (CC) and disaster risk reduction (DRR) 
measures into all facets of national development planning, particularly at the district 
level and across sectors. 

The main sources of vulnerability include poverty and development pressures 
(including low economic growth, rising population pressures and unplanned urban-
isation (Gencer 2013)). Other sources include: fragile and degraded environments. It 
is in the light of this that NADMO, which has a mandate to coordinate all disasters 
and emergencies in the country, set up the Climate Change and Disaster Risk 
Department in 2009, charged with the responsibility of addressing climate change 
issues with a disaster focus within the organisation sourced from key informants. 

The activities of NADMO in relation to climate change are geared towards 
 attaining the targets of the National Climate Change policy which seeks to address 
DRR. In this regard, NADMO has undertaken a number of activities that seek to 
address climate change in DRR. The organisation, with support from the Norwegian 
government, has undertaken the Community Resilience through Early Warning 
(CREW) project. The project was piloted in ten districts, one from each region. The 
project installed early warning gadgets in the pilot districts. NADMO with assistance 
from GIZ undertook a climate change awareness creation workshop for some basic 
schoolteachers in the Northern and Greater Accra Regions. Within the organisation 
some district NADMO offices have been given a basic understanding of climate 
change. The organisation is in the process of setting up climate change desks in all its 
regional and district offices. 

Table 4. Comparison of climate occurrences of past (1961–2005 estimated) with future (2006–2050 
A1B-simulated) for the Volta Basin.

SPI value Classification Past (observed) Future (simulated)

  1961–2005 2006–2050 
  No. of occurrences No. of occurrences
+2 Severely wet  5  5
+1 Moderate wet  5  5
  0 Normal year 16 10
−1 Moderate dry 11  6
−2 Severely dry  7 22
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Moving forward, NADMO has identified sovereign risk transfer as a way of 
adapting to the effects of climate change, especially in the area of agriculture. This is 
in line with the Sendai framework for Disaster Risk Reduction priority 3 according to 
a key informant interview. NADMO in collaboration with GIZ is piloting the Integrated 
Climate Risk Management (ICRM) project in some selected districts in the Northern 
and Volta Regions. The country has also signed a Memorandum of Understanding 
(MoU) with the African Risk Capacity (ARC) for possible accession to the ARC. The 
policy will cover flood and drought. 

Despite these efforts NADMO is making in advancing climate change issues in its 
activities, the organisation is still facing some challenges. The organisation has yet to 
fully incorporate climate change activities into the structure of the organisation by 
setting up climate change desks in all the regional and district offices as well as build-
ing the capacity of the staff  in these offices. The climate change department is yet to 
have a technical committee to support and guide the department in its activities. 
Notwithstanding these challenges, the organisation realises that climate change is and 
will be a central theme in managing disasters in the country. 

Flood warning for communities

With increasing flood risk in a warming world, investment in developing a credible 
early warning system, embedded within a flood risk reduction system from national to 
local levels and coupled with systematic vulnerability reduction efforts, is critical for 
saving lives and protecting livelihood assets. 

Rainfall-related hazards could be predicted at least three to five days in advance. 
With the aid of monitoring systems, skill in estimating the intensity of rainfall can 
also be improved to provide reasonably accurate rainfall forecasts to issue early warn-
ings. Institutions like NADMO and the Accra and Tamale metropolitan assemblies 
need warning information about abnormally high or untimely rainfall to enable them 
to mobilise in advance. If  communicated and understood properly, an early warning 
system could help make contingency planning and evacuation more precise and, 
therefore, put people and potentially economic/livelihood assets out of harm’s way. 
This has eluded the assemblies so far and has rendered them incapable of dealing with 
the frequent dangers and relegated to mere distribution of relief  items to  surviving 
victims after disasters. 

NADMO, located in the Ministry of the Interior, and the Ghana Meteorological 
Agency (GMet), are the key actors in early warning in Ghana. NADMO is mandated 
(i) to manage disasters by coordinating the resources of government institutions and 
non-governmental agencies, and (ii) to develop the capacity of communities to 
respond effectively to disasters and improve their livelihoods through social 
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 mobilisation, employment generation and poverty reduction projects. GMet, on the 
other hand, is responsible for monitoring hydrometeorological and climate events and 
for issuing forecasts. The two agencies are linked through GMet’s membership of 
NADMO’s technical committee on hydrometeorology. 

Warning of an extreme weather event with a lead-time of five days or more would 
be beneficial for preserving assets and livelihoods. The current equipment and tech-
nical capacity limitations of GMet do not allow it to issue information with  significant 
lead-time. In addition, even considering that GMet would be able to provide this 
information, it does not necessarily mean that at-risk communities would be fore-
warned of impending hazards. To be useful, technical early warning information from 
GMet needs to be translated into potential impacts and advisories at the local level by 
warning dissemination agencies, such as NADMO, and the sectoral agencies Ministry 
of Food and Agriculture, Department of Community Water and Sanitation. For 
example, if  NADMO forecasts that there will be intense rainfall over northern regions 
in a given time period, decision makers need to know what the impacts would be on 
people living in different areas (for example, downstream versus upstream) or on 
 different livelihood groups (for example, pastoralists, farmers, miners). Currently, 
translation of technical warning information into potential impacts at the local level 
is also a major constraint for NADMO and other relevant agencies that deal with 
weather and climate-sensitive sectors. This agrees with earlier studies that formal insti-
tutions or conventional science alone cannot adequately address climate challenges 
(Finucane 2009, Joshua et al. 2017).

This study revealed that all respondents said they were aware of the forecasts of 
GMet. More than half  of the respondents (56.8 per cent) said they were aware of both 
the seasonal and daily forecasts of GMet; 6 per cent were aware only of the daily 
 forecasts and 36.4 per cent were aware only of the seasonal forecasts. Of these respond-
ents, 61 per cent said they received the GMet forecasts regularly and the remaining  
38 per cent said they did not receive regular weather information. The major source of 
information for weather forecasts was the radio; 67 per cent said they got their infor-
mation solely from listening to the radio and a further 24 per cent got their  information 
from both radio and television. 

The respondents underscored that access to the information is not necessarily 
reflected in usage of the information. Despite the majority, over 60 per cent, of the 
respondents admitting to receiving GMet forecasts regularly, only 26.4 per cent of 
the respondents said they planned their livelihood activities based on the weather 
forecasts that they receive. About 31 per cent said they sometimes planned their 
activities based on the weather forecasts, whilst 43 per cent emphatically said they 
do not plan their activities based on the weather information for several reasons. 
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i Most believed more in local knowledge and experience of the weather upon 
which they made their decisions. See Box 1 for some of the IK systems that local 
communities in rural Tamale have used to predict weather or climate to make 
informed decisions. In this regard, most of the respondents who are crop farmers 
prefer to stick with their traditional planting seasons and would not make any 
effort to change their planting season based on any GMet information.

ii Not finding time or making any effort to listen and really pay attention to any 
weather information

iii Sometimes the GMet predictions do not come true and have caused 
 disappointments and losses. They were of the opinion that the weather forecasts 
are not reliable and fail most of the time. 

At the back of all these challenges, there is no well-established channel for 
 communicating early warning information to communities. Hence, even assuming 
that there is perfect early warning information for impending hazards, there could still 
be a significant lag between the issuance of information and information reaching the 
communities, and the actual response. This justifies the need to consider integration 
of relevant local or indigenous knowledge into early warning systems.

Box 1. Traditional knowledge indicators for weather and climate forecasting or 
early warning of climate risks in Tamale. 

These are based on local observations of insects and other animals’ behaviour, 
plant phenology, atmospheric and other indicators 
• Ambient temperature: When ambient temperatures get very warm in the early 

part of the year, from January to April, it signifies good rainy season. The 
intensity of heat is an indication of how intense the rainy season will be.

• A bird (locally called Akpo): These birds are usually sighted as male and 
female, around January to March. The appearance of the bird, usually in 
early January indicates that rains will be good for the impending rainy  season. 
When the bird appears, it is heard throughout the community because it 
makes a lot of noise.

• A worm: Yellowish in colour with some fluffy furs on the body. They live in 
the soil like crabs. The worm lives in the soil and when it comes out of the soil 
before the rainy season, it is an indication of a good rainy season.

• Ants: Brownish with pincers which they use to bite. When during farming a 
farmer mistakenly hits the mud of these ants, they are agitated and bite the 
farmer. Wherever they are, the python cannot be found there because  
the ants can kill it. The likei are not poisonous. Whenever the ants leave the  
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• 
• highland to the lowland near the streams or rivers, it is an indication of little 

rain and no floods. But when they move from the stream area to the upland, 
it means there will be heavy rains, which can cause flooding. So the ants are 
an indicator of both higher rainfall and no rainfall.

• Bird (locally called Avakpo): A small to medium-sized bird. The upper parts are 
blackish and its under- parts are white heavily streaked with black. The under-
wing flight feathers are white with a black trailing edge. The under-wing coverts 
are mostly black with white spots. The appearance of the hawk signifies the 
end of the rainy season. In the community, the farming season starts at the end 
of the rainy season and that is the time the hawk comes home to catch chicken 
whiles farmers are away. So the appearance of the hawk signifies both the end 
of rainy season and also the beginning of the farming season.

• Frog: Long-legged frog with brownish camouflage skin. The frog is found 
around the lagoons and ponds. The croaking of the frog is an indicator of 
imminent rains. When the frog starts croaking in the afternoon, it means 
there is going to be rains in the evening. The croaking of the frog is not an 
indication of the intensity of rainfall but that it will rain.

• Ant: They are smaller than the black ones found in homes; does not bite. It 
is black; its egg is white and bigger than the ant. The ants live on the ground 
and if  it’s about raining, they are seen them in great numbers and in rows, 
carrying their eggs. Sometimes when this scenario of the ants moving with 
their eggs is seen, it rains on that particular day. Other times, it may rain in a 
few days.

• Hot weather: The temperature is so uncomfortable, and hot beyond the 
 normal temperature felt during the day. There will be rainfall by evening or 
during the night

• Ants: They are black. They live around houses, sometimes under pots of 
water. When it’s about to rain the ants carry their eggs to a safe place, they 
will later bring the eggs back. Anytime the ant is seen carrying its eggs, it 
means it’s getting nearer to the rainy season; sometimes in one week or four 
days, the rains will come.

• Flowering of baobab tree: The moment it flowers the rain will start before the 
flowers turn into fruit. When the flowers are first seen, then in three or four 
days, it will rain. If  the rains are not good, it does not flower well.

• Worm: It lives on the ground and is long, about the length from the finger to 
the wrist. It is pale blue in colour. It has no legs just like a snake. It has no 
tongue and a small head. It is as big as the second finger. The worm comes 
out when it is about to rain, so their appearance signifies imminent rainfall.

• 
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As stated earlier, traditional and local communities have unrelentingly to rely 
greatly on their own trusted indigenous knowledge systems in observing the 
 atmospheric systems and dealing with accompanying hazards. These communities, 
particularly those in flood-prone areas, have collectively generated a vast body of 
knowledge on disaster prevention and mitigation, early warning preparedness and 
response from cumulative experience handed down from generation to generation 
(Pareek & Trivedi 2011). Indigenous or local people who have stayed in an area for 
many decades are vital and active parts of the ecosystems they belong to and would 
be critical in helping to enhance the resilience of these ecosystems. As emphasised 
above, the livelihoods of most indigenous rural communities depend greatly on  natural 
resources that are directly affected by climate change and variability, and they often 
inhabit economically and politically marginal areas in diverse, but fragile, ecosystems. 
According to some experts, traditional communities interpret and react to climate 
change impacts in creative ways, sometimes drawing on traditional knowledge as well 
as on new technologies to find solutions, which may help society at large to cope with 
the impending changes (Jan & Anja 2007). Doss and Morris (2001) underscored that 
the perspectives of the indigenous people, and considering the way they think and 
behave in relation to climate change and variability, would always have a significant 
role to play in addressing and managing climate change and its impacts. 

In Ghana, the majority of the population within the rural areas is still dependent 
on traditional approaches to sustenance to develop and improve their livelihoods. The 
same cannot be said about the urbanised areas whose ecosystems are largely com-
promised. Despite the fact that efforts have been made towards fighting climate change 
from scientific viewpoints, there is a great need for research and policies directed 
towards indigenous knowledge and perception, in order to reduce the vulnerability of 

• 
• Caterpillars: It is black in color with some white rings all over the body. 

When it appears, it chews all the vegetation. When these caterpillars are seen 
in their numbers in March/April before the rainy season, it is a sign of no or 
little rainfall in the year. When the caterpillars do not appear, it is a sign of 
good rains. The people alleged that in some communities in the Northern 
Region, these caterpillars are eaten as food.

• Grasshoppers: It is either green or brown in colour. When grasshoppers 
appear in their numbers in the month of April, it is an indication that it may 
not rain. When they appear in their numbers in March/April, it means the 
rains will not be good for the season.

 Source: Focus group participants
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these rural dwellers and enhance their cultural resilience and adaptive capacity. It is, 
therefore, important to understand indigenous perceptions of climate change and 
their preferred strategies towards adaptation. 

CONTINGENCY PLANNING IN GHANA

As presented earlier, floods are a common feature in Ghana, but currently the existing 
documentation on Ghana’s preparedness for floods is scanty and often scattered 
among the NGO communities and implemented in isolation. Whilst there is a national 
generic disaster preparedness document that ought to be updated every six months, 
scenarios hardly reflect the true state of affairs in Ghana. Although it is laudable to 
make such a national effort, the emphasis of the document had been on post-disaster 
phases, fashioned in the context of search and rescue missions. However, with the 
expected effects of climate change and hence increased flooding, it is becoming clear 
that society will have to learn to live with floods and make pre-flood disaster 
 preparedness (missing locally) an important phase of contingency planning in Ghana.

In many African countries, Ghana included, city authorities have approached 
urban flood vulnerability among residents of informal settlements in two main ways: 
firstly, blaming residents who have defied planning regulations and built substandard 
houses in flood-prone zones; and, secondly, labelling residents as passive victims of 
flood hazards due to their disadvantaged locations in the city; both tackling the 
 problem and flying in the face of contingency planning.

POLICY IMPLICATION AND RECOMMENDATION

The successes of risk reduction efforts depend to a large extent on a good  understanding 
of the evolving nature of the spatial/geographical range and incidence of disaster risk. 
NADMO, planning agencies, and district assemblies should have a good knowledge 
of the nature of a hazard, the geographical range and incidence of a hazard, the 
changes that are expected to occur relative to physical (for example, climate change) 
and social changes, and the population who will be most affected by the hazard. 

While there is an understanding of the physical exposure of different parts of Ghana 
to hazards (for example, rainy season flooding in Accra, erosion and sea-level rise in 
coastal zones, floods and droughts in the northern regions), the level of  understanding 
of the nexus between the physical and social factors is still sketchy and incomplete. 

Experiences in other countries reveal that social status, gender and race affect the 
way people experience or do not experience disasters. However, the social and 



208 Kasei, Kalanda-Joshua and Benefor

 economic characteristics of the population at risk at a disaggregated level are poorly 
understood in Ghana. This impedes the development of disaster risk management 
strategies that are targetted to the needs of a certain group of the population. While 
hazard maps are already available for selected districts in the country, the fast-chang-
ing nature of population dynamics, coupled with the changes in the manifestation of 
climatic and hydro-meteorological hazards due to climate change, have not yet been 
fully captured in these maps. In addition, there is no system for continuous hazard risk 
monitoring. Available maps are static and there is no strategy for updating them on a 
regular basis (for example, every five years or so depending on the hazard). 

It has emerged from the analyses of the inputs into contingency planning that 
 real-time monitoring of weather events, especially rainfall-related factors, will be  critical 
and GMet needs to prepare a seasonal weather forecast, which will serve as a guide for 
preparedness activities. Such data would require regular updates that will provide useful 
information regarding the characteristics of the rains during the rainy season.

During the rainy season, information from GMet stations and meteorological 
 satellites are required to create 24-hour and many-day forecasts to provide early 
 warning information on areas prone to daily heavy rains. Existing tools and commu-
nication avenues need to be strengthened whilst appropriate modalities are  established, 
so that the information received is timely and action taken appropriately by several 
other stakeholder institutions, as outlined earlier. Where discharges and spillage of 
water from reservoirs are involved, conscious relationships and hence linkages between 
such areas, especially those upstream and downstream, would help minimise the risk 
of flooding and the potential impacts.

A number of communities within the three northern regions have recently been 
experiencing frequent incidences of floods due to heavy storms extending both to 
Burkina Faso and into the northern regions. There is an urgent need to initiate action 
to mitigate or reduce the effects of the floods. This can be achieved through a series of 
educational and structured programmes in the area. In the educational arena, aware-
ness creation is the key item to consider. Early warning systems need to be put in 
place, taking advantage of the culture and communication tools of the communities 
in the area.

A high-priority step in the strategy for flood disaster risk reduction is an early 
warning system, which will be instrumental in enhancing coping capacity in the short 
term. Not all flood events can be forecast by an early warning system. Many flood 
events happen as a result of sudden high-intensity rainfall, silting and blockage of 
drainage canals, or collapse of dikes and bunds, and do not happen as a predictable 
gradual build-up of flood levels. However, on the main streams that flow within the 
communities, the time elapsed from change in hydro-meteorological parameters 
upstream to floods downstream is large enough to warrant an early warning system.
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The extent of the vulnerability of a population to hazards has spatial, economic, 
and social dimensions. Similar to any disaster management system that is predom-
inantly driven by emergency response, Ghana has not yet carried out a national  exercise 
of identifying the vulnerability of different population groups and their livelihoods 
and identifying ways to systematically address them. Ideally, this exercise should pro-
vide input into the country’s development plan and into district development plans  
to make sure that the effort to develop reduces—rather than exacerbates—exposure to 
hazards. 

In Ghana, there is a wealth of indigenous knowledge related to anticipating the 
onset of disasters. They have been mapped (under the Africa Adaptation Programme) 
and the challenge now is to how to incorporate indigenous knowledge into an early 
warning system that is predominantly technical and scientific in nature.

Despite this, indigenous and other traditional people are only rarely considered in 
academic, policy and public discourses on climate change, despite the fact that they 
are greatly impacted by impending changes in climate (Berkes & Jolly 2001). Although 
the importance of indigenous knowledge has been realised in the design and imple-
mentation of sustainable development projects, little has been done to incorporate 
this into formal climate change adaptation strategies. This has basically been due to 
the over-concentration of efforts on scientific and conventional approaches.
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