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Abstract

The increasing frequency and impacts of flooding in the world have been blamed on global warming and climate
change together with other anthropogenic factors. However some studies maintain the recent increase in flooding
globally is mainly due to increasing extreme precipitation or rainfalls. In Ghana also, some researchers, technocrats
and ordinary people believe that the recent increase in flooding in the city of Accra is resulting from increasing
occurrence of extreme rainfall events, attributed to climate change. But this view was contested by other
researchers who attributed the increasing flooding events purely to anthropogenic factors. This study, therefore,
analyzed the temporal trend of extreme rainfall events from 1970 to 2009 to ascertain whether extreme rainfall
events have been increasing significantly over the period under review in Ga West District to warrant the increasing
flood events in the study area. A Manual Mann-Kendall Statistical Trend Test Table was used to analyze extreme
24hour maximum rainfall events which were extracted from secondary rainfall data procured from Ghana
Meteorological Agency(GMet) for the Airport Weather Station as proxy data. Since the major raining season
occurs from April to July in southern Ghana, the annual number of days of these extreme 24hour maximum rainfall
events for the four months were extracted from the raw data for each year, from 1970 to 2009 for temporal trend
analysis at the p=0.05 level of significance. The hypothesis of the study was as follows: i) Null hypothesis (Ho):
there was no monotonic trend in the extreme 24-hour maximum rainfall events in the study area. ii) Alternative
hypothesis (Hi): there was a monotonic trend in the extreme 24hour maximum rainfall events in the study area.
The study found that Z=0.0058 which was less than Z (1- P/2) = 1.96 at p=0.05 significant level. The null hypothesis
(Ho) was, therefore accepted and the alternative hypothesis rejected. The acceptance of the null hypothesis shows
that there was no statistically significant increase in extreme 24hour maximum rainfall events in the study area.
The study, therefore, concluded that since there was no statistically significant increasing trend in extreme 24 hour
maximum rainfall events, extreme rainfall events could not be the reason for the increasing flooding in the study
area as some believed, but rather anthropogenic factors, or a combination of both.
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1. Introduction

Flood disasters are considered the most destructive of all natural disasters in terms of deaths, health hazards and
damages to properties (Miller, 1997). The frequency and extent of these flood disasters globally, and the
accompanying losses and related human health impacts, are expected to increase over the next 50 to 100 years
(Stern, 2007). To make matters worse, fast rate of urbanization taking place worldwide is making more people and
assets exposed to flood risks especially in the cities around the world (IPCC 2001). Though global warming and
climate change and other anthropogenic factors(IPCC 2001; Evans et al. 2004) have been jointly pointed as the
reasons for the devastating flooding phenomenon worldwide, some studies blamed the increasing flood events
globally mainly on the increasing occurrence of extreme precipitation (rainfall) events, attributed to climate change.
An extreme rainfall event was defined by a Ghana Meteorological Agency official as a heavy rainfall event beyond
the treshold of 64mm. Though many previous studies have attributed the increasing flooding activities in Accra
mainly to anthropogenic factors, recent views being expressed by various categories of people including some
researchers blamed the increasing flooding in the city on the increasing occurrence of extreme rainfall events,
making opinion on the issue mixed. Therefore, conducting a temporal trend analysis of extreme rainfall events in
the study area is important to ascertain whether there had been any significant increase in extreme rainfall events
to warrant increase in flooding over the period.

Though some researchers attributed the recent increasing factors to various factors, other researchers
(McEwen, 1989; Schecham and Hewitt 1969; Smith, 1996; Oriola, 1994 ; Babatolu, 1996) blamed increased
occurrence of extreme precipitation (rainfall) events, attributed to climate change, as the major cause of recent
increasing flood disasters worldwide. Some climatic models also predicted that there would be increase in
precipitation (rainfall) in some areas, especially monsoonal regions, along with changes in the frequency and
intensity of extreme rainfall events (Handmer al., 1999; Arnell et al., 2001; Cubasch et al., 200). Other predictions
also indicated that flooding would increase in both developed and developing countries, as a result of increasing
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heavy rainfall (Madsen & Figdo, 2007). These model predictions have brought about public debate about the
apparent increased frequency of extreme rainfall, and more particularly, about perceived increases in rainfall
intensities (Dyson, 2000). These have led to several scientific studies on trends and seasonality of extreme rainfall
events worldwide.

Some of these scientific studies on trends confirmed that extreme rainfall events are already increasing in
countries like USA and Australia (Easterling et al. 2000, Haylock and Nicholls 2000, Groisman et al. 2001; Kunkel
2003), Western New Zealand (Salinger and Griffiths 2001); United Kingdom in winter (Osborn et al. 2000), and
South Africa (Fauchereau et al., 2003). However, the outcomes of some studies in Canada showed no trend at all
in the occurrence of extreme rainfall or precipitation events (Zhang et al. 2001; Kunkel, 2003). Yet in other studies
in Western Australia (Haylock and Nicholls, 2000); South-East Asia and parts of central Pacific (Griffiths et al.
2003); Northern and Eastern New Zealand (Salinger and Griffiths, 2001) and United Kingdom in summer (Osborn
et al, 2000) it was obvious that there were significantly decreasing trends in extreme rainfall events.

In Ghana, Greater Accra Metropolitan Area (GAMA), an urban conglomerate also called Accra (Brinkhoff,
2010), is one of the flood endemic city. Various studies show that the flood disasters recorded in the city of Accra
over the years were mainly attributed to various anthropogenic factors such as poor physical planning and flaws
in the drainage network; massive growth of the city, preventing infiltration by impervious surfaces; informal
housing development practices and poor waste management practices in the city which are indicators of rapid and
unplanned urbanization (Karley 2009; Aryeetey-Attoh , 2001; Arnold et al., 1996; Yeboah 2000, 2003; Afeku
2005). But some other studies (Gyau-Boakye, 1998; Opoku-Ankomah,1996; Kwaku & Duke 2007; Douglas et al.,
2008; Odai, 2009; Simister, 2010) also mentioned extreme rainfall events as a key cause of flood disasters in
GAMA. Hence anthropogenic factors and heavy rainfall have been jointly blamed for the increasing frequency of
flooding in the Accra by previous researchers.

However, recent opinion being expressed in local media discourse by both ordinary people and technocrats
seemed to favour the view that increasing occurrence of extreme rainfall events, attributed to climate change, were
mainly responsible for the increasing devastating floods in GAMA. This opinion was somehow corroborated by
Environmental Protection Agency (EPA) of Ghana in a study on climate change in Ghana, when they reported that
‘climate change is leading to more intensive rainfall events which caused flood events on 23rd April, 2008 and
24th June, 2009 in parts of Accra that wreaked havoc on life and properties’ (Kankam-Yeboah et al.( 2010). This
view was also supported by Douglas et al. (2008) who pointed to the possible role of climate change in the form
of increased rainstorm frequency and intensity contributing to the increasing flood disasters in GAMA. But the
researchers indicated that the severity of the flood disasters was exacerbated by local factors. Furthermore, rainfall
figures collected from GMet between 1961 to 2010 also seemed to support the above opinion by indicating that
rainfall events have gradually increased over the 1986—1995 period, including a high number of 24-hour maximum
rainfall events, a trend said to have continued in the last decade (Tschakert et al. 2010).

Ga West District is one of the districts where flood activities have increased with severe impacts. Though the
flood prone communities in the district are relatively new flood prone corridors according to NADMO (2008),
they have suffered extremely from series of flood disasters and the frequency of the flood activities were said to
be increasing. In 2007 for instance, the losses suffered by the victims in these flood prone communities during the
June flood were described as quite catastrophic leading to the death of five (5) people in the study area (Ghanaian
Times, 2007). When views of residents of the flood prone communities were randomly sampled, during an
informal reconnaissance survey on the main cause of the frequent flooding activities in the area, there was a wide
spread belief in the area that increasing extreme rainfall events, attributed to climate change, was mainly
responsible for the recent increasing flood activities in the study area. However, contrary to the view above, Karley
(2009), in a study on flooding and urban planning in Accra concluded that heavy rainfall events and increased
intensity of rainfall may result in flooding but the recent increasing flood disasters in Accra were not resulting
from increasing extreme rainfalls attributed to climate change.

From the foregoing, it is obvious that opinions on whether climate change was leading to increased extreme
rainfall events in Accra, and for that matter, Ga West District or not, was contested and mixed. Yet, little or no
academic research existed in the local literature that effectively analyzed temporal trend of extreme rainfall events
to settle this controversy. An earlier study by Karley(2009) which analyzed temporal rainfall trend, used seasonal
mean rainfall in Accra and concluded that there was no significant increasing trend. But it was argued that this
was because the contributions from increasing heavy rainfall events were offset by decreasing moderate rainfall
events and so hid a lot of information. Moreover, Karley used regression analysis (a parametric method) which is
only powerful in detecting trend in independent and normally distributed data but not in a non-normally distributed
data as in rainfall data. The most common non-parametric test for working trend in this kind of time series is the
Mann-Kendall (Mann, 1945; Kendall, 1975). There was, therefore, paucity of* information about the temporal
trend of extreme rainfall in Ga West District in the local literature, a gap this study intended to fill.

The purpose of this study, therefore, was to analyze the temporal trend of extreme rainfall events in Ga West
District to ascertain whether any significant increase had occurred over the years. The hypothesis of the study,
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therefore, was: i) The null hypothesis (Ho): there was no trend in the extreme 24-hour maximum rainfall in the
study area. ii) The alternative hypothesis (H1): there was a significant monotonic trend in the extreme 24hour
maximum rainfall events in the study area.

The result of this study would establish whether or not climate change is actually leading to increase in
extreme rainfall events claimed to be contributing to increasing flood activities in the study area. This would help
bring an end to the debate on whether climate change, through extreme rainfall events, is responsible for the
increasing flooding activities in the study area or not.

2.0 Materials and Method

2.1 Study Area

Ga West District was chosen as the study area through informal conversation with some key Officials of National
Disaster Management Organization (NADMO) of Ghana, based on the fact that it is one of the relatively recent
areas in GAMA that was suffering from flood disasters. Four communities in the district (Malam, Santa Maria,
Kwashibu and Awoshie) were then chosen based on their constant vulnerability to flood hazards in the district
according to the records of NADMO.

Ga West District is part of an urban agglomeration, often referred to as the Greater Accra Metropolitan Area
(GAMA). It basically corresponds to the areas covered by the Accra Metropolitan assembly (AMA), the Ga East
District Assembly (GEDA), the Ga West District Assembly (GWDA) and the Tema Municipal Assembly (TMA)
(SWITCH Accra, 2009) which is coterminous with Accra (Brinkhoff, 2010).

The District is located in the Greater Accra region of Ghana. It is the second largest of the six Districts in
Greater Accra Region. It lies within latitude 5’048 north, 5°029”’North and longitude 008’ West and 0°030”west,
and shares common boundaries with Ga East and Accra Metropolitan Assembly to the East, Akwapem South,
Suhum Kraboa Coalter and West Akim to the North, Awutu Efutu Senya to the West, and the Gulf of Guinea to
the South. It carries a land area of approximately 710.2sq km (Ga West District Assembly, 2004). The land area
consists of gentle slopes interspersed with plains in most parts and generally undulating at less than 76m above
sea levels. (Ga West District Assembly, 2004)

Lafa is one of the seven natural drainage system found in GAMA. The Lafa drain is a very extensive drain
with numerous seasonal tributaries. It stretches from Sowutuom/Chantan and drains parts of Kwashiebu, Santa
Maria, Anyaa, Awoshie, Gbawe, Mallam and parts of Dansoman and finally joins the sea around Panbros area.
The Lafa is not lined at the moment and most portion of the Lafa drain is found in Ga West District (Watertech,
2004). Figure 2.1 and 2.2 below shows the the map of Ga West District and Lafa drainage basin.

2.2 Rainfall Data Collection:

A secondary data of raw 24-hour maximum rainfall events (Daily rainfall events) was procured from Ghana
Meteorological Agency (GMet), specifically from the Kotoka International Airport Synoptic Weather Station
(KIASWS) as a proxy data for the period 1970 to 2009 for temporal analysis. The proxy data was collected from
KIASWS instead of Weija Weather Station, which is closer to the study area, for the following reasons: i) The
Weija Weather Station and KIASWS fall in the same climatic zone.

ii) KIASWS, which is at the south eastern side of the study area, is only about 10km away from the study
area and so can be assumed to be the same point station according to WMO (1973) and “Glossary of Meteorology”
(Huschke, 1959) which variously classified point station as having an area in the order of 1000km2 and station
with areas less than 550km (<550 km) respectively. iii) Unlike the Weija Weather Station, the data needed for this
analysis was about 90% available at KIASWS.

Since most of the rainfall events in Ga West District of Greater Accra Region, occur in the major rainy season
(April, May, June and July) in Southern Ghana, the rainfall data used was limited to this period. So annual number
of days of extreme 24hour maximum rainfall events in the months of April to July (major raining season) was then
extracted from the raw daily rainfall data for each year, from 1970 to 2009, for temporal trend analysis. Extreme
24hour maximum rainfall in this work is defined as a daily rainfall event with a threshold above 64mm according
to key official of GMet.

2.3 Data Analysis

Mann-Kendall Statistical Trend Test is a ranked based approach that consists of comparing each value of the time
series with the remaining in a sequential order. The non-parametric Mann-Kendall test is commonly employed to
detect whether monotonic trends exist in time series of environmental data, climate data or hydrological data such
as temperature, rainfall and stream flow (Yue & Wang, 2004; Mavromatis & Stathis, 2011). There are two
advantages of using this test. First, it is a non-parametric test and does not require the data to be normally
distributed. Second, the test has low sensitivity to abrupt breaks due to inhomogeneous time series (Tabari et al.,
2011). Any data reported as non-detects are included by assigning them a common value that is smaller than the
smallest measured value in the data set (Mann 1945; Kendall 1975). According to the test, the null hypothesis (Ho)
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is that there is no trend in the population from which the dataset is drawn. The alternative hypothesis (H1) on the
other hand is that there is a monotonic trend in the dataset.

So this non-parametric Mann- Kendall trend test was applied to extreme 24hour maximum rainfall events
extracted from rainfall data collected from GMet on KIASWS to investigate the temporal trend of extreme 24hour
maximum rainfall events in the study area. In order to make correct statistical decisions, the test statistics was
evaluated at the (p=0.05) level of significance. The computational procedure for the Mann Kendall test considers
the time series of n data points and Xi and Xj as two subsets of data wherei=1,2,3,...,n-1 and j =i+1, i+2, i+3, ...,
n. The data values are evaluated as an ordered time series. Each data value is compared to all subsequent data
values. The initial value of the Mann-Kendall statistic, S, is assumed to be 0 (e.g., no trend). If a data value from
a later time period is higher than a data value from an earlier time period, S is incremented by 1. On the other hand,
if the data value from a later time period is lower than a data value sampled earlier, S is decremented by 1. For
instance, the data (sampling event 1) is sequentially compared to sampling events 2 through n, then (sampling
event 2) is also compared to sampling events 3 through n, and so on. This procedure fills each row with a +1, 0 or
—1, based on the first rules below. The net result of all such increments and decrements yields the final value of S
(Drapela & Drapelova, 2011).

The Mann-Kendall S Statistic is computed as follows:

n-1 n

S= z Z Sign(X;_ X;) 5 1)

1if X;_X; >0

Sign (X; — X;){ 0if X;-X; =0

-1lif X;_X; <0
Where X; and X; are the annual values in years j and i, j > i, respectively.
If n < 10, the value of |S| is compared directly to the theoretical distribution of S derived by Mann and Kendall.
The two tailed test is used. At certain probability level Ho is rejected in favor of Hi if the absolute value of S equals
or exceeds a specified value Sa/2 where Sa/z is the smallest S which has the probability less than a/2 to appear in
case of no trend. A positive (negative) value of S indicates an upward (downward) trend (Drapela & Drapelova,
2011).
For n > 10, the statistic S is approximately normally distributed with the mean and variance as follows:
Mean — E (S)=0
The Variance (Var) for the S-statistic is defined by:

8

1
Var(s) = g [n(n - 2)(2n +5) - Z t(t, — D(2t, + 5) )
p=1
where n is the number of data points, g is the number of tied groups (a tied group is a set of sample data having
the same value), and t, is the number of data points in the p group. For instance, in the sequence {2, 3, non-detect,
3, non-detect, 3}, we have n=6, g =2, t1 =2 for the non-detects, and t2 =3 for the tied value 3.
The formulae for standardized test statistic Z is given by:

S—1
Z=——"+ ifS>0
[Var($)]z
Z=0 ifS=0 - 3)
S+1 ,
Z=——"+, ifS<0
[Var($)]z

A positive value of Z indicates an increasing trend in the time- series, while a negative Z value indicates
decreasing trend. To test for either increasing or decreasing monotonic trend at p significant level, the null
hypothesis Ho, is rejected if the absolute value of Z is greater than Z (1- p/2), where Z (1- p/2) is obtained from the
standard normal cumulative distribution tables and represents the standard normal deviates and p is the significant
level for the test. This means the alternate hypothesis is accepted indicating a statistically significant trend exists
in the time series (Motiee & McBean, 2009).

3.0 Presentation of Results

Using the formula (i) below, a Manual Mann-Kendall statistic table was constructed with 1, 0 and -1 distributed
along the row according the rules below. The table was derived by comparing the first data point (sampling event
1) sequentially to sampling events 2 through n which is the total data points, then second data point(sampling event
2) is also compared to sampling events 3 through n, and so on.
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S = nzl zn: Sign(X; - (D

i=1 j=i+1
1if X; Xl > 0
0if X;_X
-1if X]-_Xl- < 0

So +1, -1 or 0 on each row of the manual Mann-Kendall statistic table 3.1 below was summed up and the results
of the various rows were further added to obtain the Mann—Kendall Statistic (S). Hence, Mann-Kendall test
statistics(S) from the table below was calculated as follows:
S=26 +(-1)+(-22) +(-22) + (-3) + (-3) + D)+ () + (:2) +(-2) + (1) + (-)+ (A7) + (A7) + (D) + (1) + (15) +
D+ +(A4)+(-15)+ Q)+ (12) + (12) + (-5) + (-5) + (-10) + (9) + (-5) + (8) + (-4) + (-6) + (-6) + (-1) + (-
1)+ (-1) +(2) + (0).
Hence the Mann-Kendall test statistics(S) = 43
Next, the variance of S, Var(S), was calculated using formula (2) below, which for the purposes of clarity and ease,

was broken down into Varl and Var2 and later put together to get Var(S).
8

1
VAR(S) = 5 |n(n = 2)(@n + 5) - Z to(t, — 1)(2t, +5) )
p=1

SoVar; = [n(n—2)(2n+ 5)] and Var, = [Zp 1tp (t 1)(2tp +5)]
Hence, VAR(S) —;8 [Var; — Var, ]. In this study, n=40, g=4, t;=4 for tied value 3, t,=7 for tie value 2, t;=13 for
tie value 0 and t4=15 for tie value 1.

Var; = 40 (40-2) (2x40+5) = 129.,200.

Varz = [4(4-1) 2x4 + 5)] + [7(7-1) (2x7 +5)] + [13(13-1) (2x13+5)] + [15(15-1) (2x15 +5)] = 13,140

VAR(S) = §[129,200 — 13, 140]
= %[116,060]

_ 116,060
T8

VAR(S) = 14508

Since S > 0, the normalized test statistic (Z) was calculated using the following formula:

s-1
Z= T
[var($)]2
43-1
Hence, Z. =

V14,508
42
7254

Z = 0.0058
With the chosen significant level, p = 0.05, the standard normal deviate is derived as follows:
Z( 1-Ph) = Z( 1- "9/3) = Z( 1- 0.025) = Z(0.975) . From the standard normal table, Z(0.975) = 1.96.
Hence Z( 1-?/2) = 1.96 at 0.05 significant level

4.0 Discussions

The study analyzed the temporal trend of extreme 24hour maximum rainfall events in Ga West District from 1970
to 2009 at p=0.05 significant level to ascertain whether any significant increase had occurred in the period under
review to warrant any increase in flooding in the study area. The hypothesis of the study, therefore, was: i) The
null hypothesis (Ho): there was no trend in the extreme 24-hour maximum rainfall in the study area. ii) The
alternative hypothesis (H1): there was a significant monotonic trend in the extreme 24hour maximum rainfall
events in the study area. The research findings would help clear the confusion in the mind of people as to the main
culprit of the increasing flood disasters in the study area and help appropriate authorities and policy makers to
concentrate their efforts on developing policies and programmes for dealing with the actual causes increasing flood
disasters in the study area.

Since the study found the standardized normal test statistics, Z, to be equal to 0.0058 and the positive value
of'the Z (0.0058) is less than Z (1- P/2) = 1.96 at p=0.05 significant level, it shows that the null hypothesis (Ho) was
accepted and the alternative hypothesis (H1) was rejected. The acceptance of the null hypothesis (Ho) meant that
when the time series (extreme 24 hour maximum rainfall events) was analyzed at p=0.05 significant level, no
monotonic trend was found. However, acceptance of the hypothesis (Ho) did not mean that there was no trend at
all. Motiee & McBean (2009), indicated that a positive value of Z, shows that there is an upward trend in a time
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series. Hence the positive value of Z in this study indicated that there was an upwards trend of extreme 24hour
maximum rainfall events in the study area. However, the evidence was not sufficient enough under the chosen
significant level ( p=0.05 ) to conclude that a significant trend exists. This means that though there was an upward
trend in the extreme 24 hour maximum rainfall between 1970 and 2009, the increase was not statistically
significant enough to warrant the increase in flood disasters said to be occurring in the study area.

The result of this study supports the research conducted by Karley (2009) in the city of Accra which found
no trend in rainfall events, even though Karley used regression analysis and seasonal rainfall for the analysis which
was considered unsuitable for such studies. It also reinforces other studies conducted in Canada which found no
trend in the occurrence of extreme precipitation (rainfall) (Zhang et al. 2001; Kunkel, 2003).

The finding of this study, however, contradicts the finding of EPA research (Kankam-Yeboah et al., 2010)
conducted in Accra which indicated that climate change was leading to more intensive rainfall events causing
flood disasters. In addition, it also deviates from the finding of numerous studies that showed significant increasing
trend of extreme precipitation (rainfall) in some parts of the world like USA and Australia (Easterling et al. 2000,
Haylock and Nicholls 2000, Groisman et al. 2001; Kunkel 2003), and significant decreasing trends in extreme
rainfall events in other parts of the world like Western Australia ( Haylock and Nicholls, 2000), South-East Asia
and parts of central Pacific (Griffiths et al. 2003).

Hence, the finding of the study does not support the widely held perception among residents in the flood
prone areas of Ga West District that the increasing flood disasters in the area was resulting from increased extreme
rainfall events attributed to the climate change, neither did it support the views of some technocrats and ordinary
people in the media to the effect that increasing extreme rainfall events, resulting from climate change, were
responsible for the recent increasing flood disasters in the city of Accra.

The implication of this study is that though climate change might be significantly influencing temperatures
and sea level rise in GAMA, there was no sufficient evidence that it significantly increased extreme rainfall events
over the period under review, to warrant the increasing flood activities in the study area. What this meant was that
any increasing frequency in flood disasters in the study area could not be a result of increasing extreme rainfall
events. Hence, the increasing flooding phenomenon reported in Accra and for that matter the study area, could be
mainly attributed to anthropogenic factors such as: rapid urbanization, improper land use practices, inadequate
provision of drains, choked drains, and haphazard development in low lying areas and garbage deposition in
drainage channels as mentioned by other researchers, or a combination of anthropogenic factors and extreme
rainfall events. It also implies that though climate change is acknowledged as happening globally, it impacts on
extreme rainfall events vary from one region to another region.

One potential limitation of this study was the use of proxy data from KIASWS instead of Weija Weather
Station which is closest to the study area but lacked the desired data for the period under review. Though both
weather stations fall within the diameter of the same point station, the result might be slightly affected.

5.0 Conclusion

The study analyzed the role of extreme rainfall events in the recent increasing damaging flooding in Ga West
District in Ghana. The study was conducted against the backdrop of controversy that increasing occurrence of
extreme precipitation (rainfall), attributed to climate change, was the major cause of the increasing flood disasters
in Accra and for that matter in flood prone communities of Ga West District.

From the foregoing analysis, it became obvious that though there was upward trend in the extreme 24-hour
maximum rainfall events, the rise was not statistically significant at p=0.05 significant level and so cannot be
responsible for the increasing flood activities being experienced in the Ga West District of Accra. Climate change,
therefore, was not producing any statistically significant increase in extreme rainfall events capable of increasing
flooding in the study area.

In effect, even though increase in flooding has been attributed to the occurrence of extreme precipitation
(rainfall) in some parts of the world such as USA and Australia, Western New Zealand; United Kingdom in winter
and South Africa, the same cannot be said about some areas in the world including Ga West District of Accra. This
is because the opinion that climate change is leading to increase in extreme rainfall events blamed for increased
flood activities in Ga West District was not supported by the finding of this research. Hence the increase in flood
activities in the study area can best be explained by anthropogenic factors or a combination of both extreme rainfall
events and anthropogenic factors.
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Appendix
Table 3.1: Manual Mann-Kendall Statistic Table
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