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The first episodes of floods caused by heavy rainfall during the major rainy season in 2018 occurred in Accra (5.6'N and 0.17°W), a
coastal town, and Kumasi (6.72°N and 1.6°'W) in the forest region on the 18th and 28th of June, respectively. We applied the
Weather Research and Forecasting (WRF) model to investigate and examine the meteorological dynamics, which resulted in the
extreme rainfall and floods that caused 14 deaths, 34076 people being displaced with damaged properties, and economic loss
estimated at $168,289 for the two cities according to the National Disaster Management Organization (NADMO). The slow-
moving thunderstorms lasted for about 8 hours due to the weak African Easterly Wave (AEW) and Tropical Easterly Jet (TEJ).
Results from the analysis showed that surface pressures were low with significant amount of moisture influx aiding the
thunderstorms intensification, which produced 90.1 mm and 114.6 mm of rainfall over Accra and Kumasi, respectively. We
compared the rainfall amount from this event to the historical rainfall data to investigate possible changes in rainfall intensities
over time. A time series of annual daily maximum rainfall (ADMR) showed an increasing trend with a slope of 0.45 over Accra and
a decreasing trend and a slope of -0.07 over Kumasi. The 95th percentile frequencies of extreme rainfall with thresholds of
45.10 mm and 42.16 mm were analyzed for Accra and Kumasi, respectively, based on the normal distribution of rainfall. Accra

showed fewer days with more heavy rainfall, while Kumasi showed more days with less heavy rainfalls.

1. Introduction

Floodis a major hazard and source of human vulnerability
which can lead to high mortality rate. Other impacts include
outbreak of diseases, disruption of energy supply, com-
munication, and transport infrastructure, and interference
in public service delivery. The African continent is the
second hardest hit by floods in terms of number of events,
area affected, and number of people killed after Asia [1, 2].
Flash floods are frequent across the continent resulting from
intense localized thunderstorm activity, slow-moving
thunderstorms, or squall lines mostly accompanied by
lightning [3]. Various countries in Africa have experienced
flood-related disasters in the recent past. In February and
March 2000, Mozambique experienced heavy rains and
cyclones that caused the worst flooding in 50 years, which
led to widespread devastation in some cities [4]. Over 500
lives were also lost and several thousands were forced to

migrate to other communities after a 2007 flood event that
affected Uganda, Ethiopia, Sudan, Togo, Mali, Niger, and
Burkina Faso, which displaced millions of people [5].

Floods in West Africa in 2009 after torrential rains af-
fected 600,000 people in sixteen West African countries [6].
The most affected countries were Burkina Faso, Senegal,
Niger, and Ghana. In 2012, Nigeria experienced one of the
most devastating flooding events ever recorded [7]. This
tflooding incident led to the deaths and displacement of 363
and 2.3 million people, respectively, and the destruction of
59,000 houses and also affected large tracts of farmland and
livestock.

Urban flooding has been a frequent occurrence in
Ghana since 1930 [8]. At least 18 out of the last 50 years
have recorded significant flooding incidences in which
lives and properties have been lost [8-11]. Since 1995, the
frequency of flooding has increased in the coastal areas of
Ghana [4]. The same study found that the ability of people



to prepare for possible floods had become more difficult
due to increasing variability in rainfall patterns. Flooding
in Ghana often occurs in the aftermath of intense and/or
continuous rainfall, which results in high run-offs. Possible
reasons given for occasional flooding in Ghana include
climate variability and change [10, 12] and poor physical
planning and flaws in the drainage network [8]. Flooding is
ranked the second highest natural disaster after epidemics
in Ghana according to [13]. Between the years 1900 and
2014, the economic loss as a result of flooding was ap-
proximately US$ 780,500,000 [14].

The most devastating flooding event in Ghanaian
history occurred on the 3rd of June 2015, when most parts
of southern Ghana experienced heavy thunderstorms and
rain. The active spot of the storm was centered over Accra,
where 212.8mm of rainfall was recorded leading to
flooding over many areas in the city. This flooding incident
and an explosion of a fuel filling station at Kwame
Nkrumah Circle, a suburb of Accra, claimed over 150 lives
and destroyed lots of properties while displacing hundreds
of people.

Various studies have looked at different aspects of
rainfall over the West African region in general and Ghana
in particular. These include studies focusing on dynamics of
the West African Monsoon [15] and onset, cessation, and
length of rainfall season [16-18]. The potential impact of
climate change on precipitation and weather patterns over
West Africa has also been extensively studied (e.g., see
[19-23]). These studies have identified and explained the
roles of key drivers of variability in West African rainfall
such as the Madden Julian Oscillation [24], the movement of
the intertropical convergence zone [25, 26], the African
Easterly Jet and African Easterly Wave [27, 28], and El Nifio-
Southern Oscillation [29, 30].

On the contrary, there are very few case studies focusing
on the meteorological dynamics of heavy precipitation
events within the rainfall season, although there are studies
on the impacts such weather events have on livelihoods and
society (e.g., see [8, 14]). One of the reasons for the limited
research on extreme rainfall in West Africa is the difficulty in
accessing data [31]. However, a case study by [32] identified
La Nina event in the tropical Pacific, anomalous heating in
the tropical Atlantic, and enhanced activity of African
easterly waves as possible causes of anomalous heavy pre-
cipitation and flooding over sub-Saharan Africa in 2007.

In addition to the factors identified by Paeth et al. [32],
the occurrence of heavy rainfall also depends on mesoscale
and localized convective processes. These convective pro-
cesses are influenced by the topography, vegetation cover,
and water bodies as well as land surface energy fluxes.
Understanding the dynamics of meteorological conditions
and features that influence heavy rainfall will greatly im-
prove extreme weather forecasts and help to mitigate their
effect. Early identification of meteorological features that
could lead to extreme weather event such as torrential rain
can help inform early warning systems, which will reduce
fatalities and the economic losses.

On the 18th and 28th of June 2018, heavy rains and
thunderstorms caused flooding in the two biggest cities in
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Ghana, resulting in the deaths of 14 people, displacement of
34,076 others, and damaged properties estimated at
$168,289 according to the National Disaster Management
Organization (NADMO). The heavy rainfall events afford us
the opportunity to conduct a unique case study focusing on
the meteorological explanation of the causes of the event.
The aim of this paper is to document the meteorological
conditions that led to the initiation and propagation of the
weather systems that caused the heavy precipitation events
in Accra and Kumasi by analyzing the synoptic and me-
soscale weather charts. The study area and data are described
in Section 2. Section 3 provides meteorological analysis and
discussion. The key conclusions from the results and analysis
are presented in Section 4.

2. Materials and Methods

2.1. Study Area. Ghana is a tropical West African country
located between latitudes 4°N to 12°N and longitudes 1.5°E to
3.5°W. Its climate is dominated by the wet and the dry
seasons. These seasons are modulated by the intertropical
boundary (ITB) and the two main high-pressure systems,
namely, St. Helena high-pressure system located in the
Southern hemisphere and the Azores high-pressure system
located over the Atlantic Ocean. Mechanisms of how the ITB
and high pressure systems affect rainfall patterns over West
Africa are explained in various literatures [16, 33-36]. The
wet season is characterized by the intensification of the St.
Helena high-pressure system, which induces moisture influx
into the country through the south westerly (SW) winds
(maritime air mass) which is the major wind that prevails
during this season. The intensification of the Azores high-
pressure system with the north easterly (NE) winds (con-
tinental air mass) dominating induces dryness and dust
particles over the country during the dry season. The
northward and the southward oscillation of the ITB control
the rainfall pattern in Ghana where the southern half (below
9°N) of the country experiences bimodal rainfall pattern.
April to July is classified as the major rainy season and
September to November is the minor rainy season. In this
study, two flood cases that occurred on the 18th of June 2018,
identified as case A in Accra (5.6°'N and 0.17°W), and the
28th of June 2018, identified as case B in Kumasi (6.72°N and
1.6°W), as shown in Figure 1, during the peak rainy season
(June) of southern sector of Ghana have been investigated
focusing on the meteorological conditions that led to the

heavy rainfall.

2.2. Data and Methodology. Datasets used in this study for
the evaluation were in situ rainfall data (45 stations),
Global Satellite Mapping of Precipitation (GSMaP),
Ghana Meteorological Agency (GMet), GMet Weather
Research and Forecasting (WRF) model output, and
Meteo France Arpege 0.5 mean sea level pressure (MSLP),
a product from the Meteosat Second Generation (MSG)
Preparation for Use of MSG in Africa (PUMA) project.
The rainfall datasets are daily cumulative rainfall amounts
recorded at the various stations measured with rain



Advances in Meteorology

Southern ghana showing ashanti and greater accra regions

Brong Ahafo

01530 60 90 120
IO W kilometers

Northern

. - -
L o Southern
1 ]
« _ *Ghana
.. e D.

I mmkilometers

African continent

036 121824
e m kilometers

Ashanti region

Kumasi

036 121824
(1 .

N

A

kilometers

Greater Accra Region

036 121824
NI W kilometers

Kumasi 28th June 2018 flooding

Accra, 18th June 2018 flooding

FIGURE 1: Map of study area. Location of cases A and B flood events and the distribution of the Ghana Meteorological Agency’s weather

observation stations (red dots).

gauges. Sources of error that may affect rainfall mea-
surement or data according to Mensah et al. [37] include
evaporation, wetting, wind induced errors, and instru-
ment reading errors on the part of observers. In order to
avoid some of these errors, wind shielded rain gauges are
used by GMet.

To track the evolution of the rainfall events for this study,
the hourly GSMaP images (Figures 2 and 3) were used to

track the genesis, development, dissipation, and the active
spots of the thunderstorms as they propagated zonally for
cases A and B, respectively. For case A, the thunderstorm
affected the coast of Ghana and lasted for about 17 hours
before dissipating.

At 18 UTC, the slow-moving thunderstorm hit the
eastern coast of Ghana (Figure 2(d)) and after three hours it
had reached Accra as it intensified (Figure 2(e)). The storm
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FIGURE 2: GSMaP satellite products. Three hourly precipitation intervals from 09 UTC of the 18th of June to 06 UTC of the 19™ of June 2018
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FIGURE 3: GSMaP satellite products. Two hourly precipitation intervals from 12 UTC of the 28th of June 2018 to 02 UTC of the 29th of June

2018 for case B.

finally moved westwards from Accra after 06 UTC on the
19th of June, lasting for about 9 hours. As the storm moved
slowly westwards across the eastern coast, the cloud top
temperature was observed to change from about -75°C to

about -90°C (estimated using the Meteorological Product
Extraction Facility (MPEF) from the Synergie), an indication
of its intensification which lasted for about 8 hours
(Figure 2(e)). Rainfall amounts recorded over some stations
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in the east coast were 124.8 mm, 90.1 mm, and 109.0 mm at
Saltpond, Accra, and Pokuase, respectively.

For the flooding event in Kumasi, a localized convective
cell started developing within the country in the afternoon
(Figure 3(c)). It intensified over the middle sector and
produced heavy rains lasting for a period of about 8 hours
before dissipating at approximately 02 UTC on the 29" of
June (Figure 3(f)). Kumasi had the highest rainfall of
114.6 mm and Kwadaso, a suburb of Kumasi, had 81.0 mm.
The spatial distributions of rainfall for the two cases are
shown in Figure 4.

The WRF model product used in this study includes the
wind, relative humidity (RH), and the skew-T for the second
domain. The atmospheric forcing data used for the initial
and lateral boundary condition of the model was the global
forecasting system (GFS), which was dynamically down-
scaled for two domains with resolutions of 27 km and 9 km,
respectively, as illustrated in Figure 5. The model’s config-
uration setup uses Betts—Miller-Janjic’s [38] convective
parameterization scheme for both domains with 49 vertical
levels. The inner domain model products were used.

3. Results and Discussion

3.1. Rainfall Time Series Analysis. The long-term (1981-2010)
monthly mean rainfall amounts (MMR) for stations along
the coast and middle sectors were analyzed (Figure 6) and all
showed bimodal rainfall pattern. However, the major dif-
ferences between the two sectors are land cover and to-
pography of the area, which have an influence on the rainfall
pattern [37]. Kumasi (286.3 m above MSL) in the middle
sector where case B flood occurred has more vegetation
cover than Accra (67.7 m above MSL) where case A flood
occurred. It was observed that all the stations along the coast
and the middle sector recorded higher rainfall amount
during the peak of the major season in June than that of the
minor season in October except Akim Oda and Wenchi
which recorded 200 mm and 170 mm, respectively, for the
major season as compared to 220 mm and 200 mm for minor
peak, respectively.

This anomaly could be attributed to seasonal to sub-
seasonal variations. Axim (37.8 m above MSL), the wettest
rainfall station in Ghana along the western coast, recorded
the highest MMR of 500 mm and 230 mm for peak of the
major and minor seasons, respectively. This could be as-
sociated with the orientation of its coastline and the vege-
tation cover. Accra and Kumasi which are the main focus of
this study recorded MMR of 180 mm and 215 mm during the
peak of the major season, while the peak of the minor season
recorded 60 mm and 170 mm, respectively.

The time series of the ADMR variability (1961-2017)
over Accra has a positive slope of 0.45 and Kumasi has a
negative slope of -0.07 as shown in Figure 7. The top three
highest ADMR amounts ever recorded in Accra are
243.9 mm, 212.3 mm, and 175.3 mm which occurred on the
3rd of July 1995, 3rd of June 2015, and 22nd of June 1973,
respectively, while Kumasi recorded 167.9 mm, 145.8 mm,
and 125.2 mm on the 21* of July 1966, 13th of June 1986, and
5th of May 1997, respectively. It is interesting to note that

Accra’s first three highest ADMR values were higher than
those of Kumasi.

It is worth noting that these records occurred at the peak
of the West African Monsoon season over the respective
stations. This can be attributed to its location along the coast
where rich moisture from the Gulf of Guinea fuels thun-
derstorms development as well as land and sea surface
temperature variations producing heavy rainfall [39]. The
frequency of these extreme rainfall events using the 95th
percentile threshold with a value of 45.10 mm and 42.16 mm
over the two areas shows a positive slope (Figure 8) of 0.02
(Kumasi) and a negative slope of —0.02 (Accra). This indi-
cates that the chance of extreme rainfall over Kumasi is
increasing, while that of Accra is decreasing based on the
respective threshold values.

Further analysis on the ADMR distribution and fre-
quency over Accra and Kumasi using the normal distri-
bution shows that 68% of the area of the normal
distribution for Accra was between 53.03mm and
136.81 mm of rainfall, which implies that most of the
rainfall events occurred within the 1st z-score distribution
value, while 95% of the area of the normal distribution was
found between 11.14 mm and 178.70 mm of the 2nd z-score
distribution value. The mean ADMR over Accra is
94.92 mm with a standard deviation of 14.89, as shown in
Figure 9. The rainfall distribution for Kumasi shows that
68% of the area of normal distribution was between
64.37 mm and 108.87 mm, which implies that most rainfalls
were within the 1st z-score distribution value. The 95% of
the area of normal distribution ranged from 42.12 mm to
131.12 mm, which satisfied the 2nd z-score distribution
value. The mean ADMR is 86.62 mm with a standard de-
viation of 22.25, as shown in Figure 9(c), where N is 57,
representing the total number of years of data used. Table 1
summarizes the 1st and 2nd z-score ADMR values over
Accra and Kumasi.

3.2. Charts Analysis. This section reviews the atmospheric
dynamics and associated physical mechanisms responsible
for the flooding incidents that occurred on those fateful
days within southern Ghana. The 12 UTC and 18 UTC
prognostic charts used for the 18th and 28th of June 2018
forecast preparation were retrieved and examined. Gen-
erally, the quasi-static high pressure systems and their
consequent effect on the ITB determine the prevailing
weather within the West Africa subregion. During the rainy
season, the country is influenced by the maritime air mass
due to the intensification of northward ridging of the St.
Helena high-pressure system, which drives moisture into
the subregion, while the Azores high-pressure system
weakens.

3.2.1. Mean Sea Level Pressure (MSLP). From the Meteosat
Second Generation (MSG) Preparation for Use of MSG in
Africa (PUMA) station, MSLP charts at 12 UTC for case A
showed that St. Helena had a center value of 1027 hPa, while
Azores was 1030 hPa with the equatorial trough (ET) ex-
tended zonally to the east of the continent as shown in
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Figure 10(a). The country was between the pressures of
1012 hPa to the north and 1016 hPa to the south. By 18 UTC,
the St. Helena and Azores center pressures dropped to
1025hPa and 1029 hPa, respectively, with zonal and me-
ridional expansion of the ET where the country’s pressure
was between 1015 hPa and 1010 hPa.

Low pressure centers of 1005hPa and 999 hPa were
observed, respectively, between the borders of Mauritania
and Mali as well as central Chad as shown from Figure 10(b).

The Azores and St. Helena high-pressure centers for case B
were 1022 hPa and 1027 hPa, respectively, as at 12 UTC. The
ET extended covering most parts of Niger (excluding the
southern fringes and whole of Burkina Faso), northern half
of Mali, and eastern Mauritania through to southern half of
Algeria. The isobar over Ghana ranged between 1012 hPa to
the north and 1014 hPa to the south (Figure 11(a)). At 18 UTC,
there was a 2hPa drop in the core values of the Saint Helena
high-pressure system, while that of Azores was maintained. This
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condition triggered both zonal and meridional expansions of the
ET with the lower portions stretching and covering north
(Nigeria, Benin, Togo, Ghana, Ivory Coast, Guinea, and Sene-
gal). The isobar over Ghana ranged between 1010 hPa to the
north and 1012 hPa to the south (Figure 11(b)).

3.2.2. Wind and Moisture. The GMet WRF model was able
to forecast the moisture laden winds at the 850 hPa level
(Figures 12(a) and 12(d)) with speed ranging between 10
knots (5ms™) and 20 knots (10 ms™!) at 12 UTC and then
it increased to 25 knots (13 ms™") by 18 UTC for the coastal

sector. The Africa Easterly Jet (AEJ) at 700hPa level
(steering level) which had southerly components was weak
(i.e., speed between 5knots (2.5 ms™') and 15 knots
(7.5ms™")); hence, it influenced the slow propagation of
the storm as marked by the broken red oval shape in
Figures 12(b) and 12(e).

In case B, significant amount of moisture (RH >80%)
was also observed at the 850 hPa and the 700 hPa levels,
which reflects the extent of moisture depth within the at-
mosphere. The south westerly winds filled a cyclonic vortex
with speed between 5 and 10 kts (3-5 ms™") located north of



FIGURE 8: Annual rainfall frequency (ARF). Accra and Kumasi ARF based on the 95th percentile thresholds of 45.10 and 42.16 mm, respectively.
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Benin at 12 UTC (Figure 13(a)). At 18 UTC (Figure 14(b)), 25 kts (Figures 12(b), 12(e), and 13(b)). The upper level jet
the speed increased to15 kts (8 ms™), especially for the coast. (200 hPa) was direct easterlies with speed around 35 kts.
There were direct AEJ at 700 hPa with speeds between 15and ~ The convective activities observed in Figure 3 were a result
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FIGURE 13: WRF wind speed and direction for 850 hPa, 700 hPa, and 200 hPa at 12 UTC ((a) (b), and (c)) and 18 UTC ((d), (e), and (f)) for
case B.
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FIGURE 14: WRF skew-T diagram showing atmospheric dynamics for case A (a) at 12 UTC and (b) at 18 UTC.

of local meteorological features where orographic forcing
and vegetation cover as in Kumasi (above 286.3m) have
been established for many years by both research and local
forecasters experience [33] to have significant influence on
convective initiations. The main cause of this triggering is
the diurnal heating over higher elevations coupled with the
moisture within the atmosphere. These characteristics
contributed to the development and spread of the con-
vective cells, resulting in the heavy rainfall experienced in
Kumasi.

Meanwhile, the African Easterly Wave (AEW) troughed
along Togo-Benin coast and then extended to the coast of
Ghana and deepened by 18 UTC (Figures 12(b) and 12(e)).
From Figures 12(c) and 12(f), an anticyclonic vortex ob-
served at 200 hPa level, located close to the western border of
Mali, ridged over the subregion with weak Tropical Easterlies
Jets (TEJ]). These conditions ahead of the system supported
the westward propagation of the storm, thereby playing
significant role in its kinetics. It was observed that an ap-
preciable amount of moisture (RH) above 80% at 850 hPa
and the 700hPa was within the atmosphere indicat-
ing saturation for storm formation at the 850hPa levels
(Figure 12). Moreover, tidal waves on that day were high,
which were aided by low surface pressure over the coastal
area for the entire period of the event. The convective
available potential energy (CAPE) in the WRF skew-T
(Figures 14 and 15) showed enhanced instability in the
atmosphere for convective processes. It has been established
that low level convergence (i.e., at 925 hPa pressure level) of
moisture and upper level divergence are good indicators for
large scale precipitation [40, 41]. However, localized mois-
ture convergence and mesoscale lifting could also produce a

water-saturated cloud layer from which deep moist con-
vection subsequently evolves [42].

The dew point (blue lines) and the temperature (red
lines) profiles showed high levels of humidity (>70%) and
temperature profiles of the atmosphere for more cloud
formations especially between 925hPa and 850 hPa where
the convective condensation level (CCL) can be estimated.
This is in agreement with the relative humidity estimates
seen on the WRF output in Figures 12 and 13. The con-
vective available potential energy (CAPE) at 12 UTC for
cases A and B was 2282 ]/kg and 2439]/kg, respectively,
while at 18 UTC it dropped to 1039 ]/kg and 1997]/kg,
respectively. Tajbakhsh et al. [43] used the Miller checklist to
categorize the severity of thunderstorms. From this
checklist, it is observed that most of the parameters available
to determine the strength in both cases implied that the
storms were weak (Table 2).

Comparing the daily rainfall amounts recorded for cases
A and B, they were not exceptional and not even close to the
3rd highest of the ADMR amounts which caused the floods
and resulted in casualties and damage of properties. As
climate varies geographically, the definition of extreme
weather thresholds will also vary. This was observed for the
95th percentile threshold values over Accra and Kumasi. For
best practices globally, [44] established a tasked team on the
definition of extreme weather and climate events which
classified heavy rainfall threshold greater than 50 mm
(>50 mm/24 hr.) per day. It was observed that most rainfalls
for the flood events fell below the threshold over Accra and
Kumasi (Figure 16).

Possible reasons for these flooding cases can be related to
nonmeteorological factors which included poor drainage
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TaBLE 2: Miller checklist of some selected parameters for severe weather adopted from Tajbakhsh et al. [43].
Case A Case B Miller checklist
Parameter
12 UTC 18 UTC 12 UTC 18 UTC Weak Moderate Strong
Surface pressure 1015 hPa 1014 hPa 1014 hPa 1012 hPa >1010 hPa 1010-1005 hPa <1005 hPa
Dew point 22°C 23°C 21°C 22°C <2.8°C 12.8-17.8°C 18.3°C
CAPE 2282]/kg  1039]/kg  2439]/kg  1997]/kg 800-1500]J/kg 1500-2500]/kg ~ >2500 J/kg
Mean RH 90% 70% 90% 80% 70-80% or 40-50% 50-70% 50-70%
850-500 hPa wind shear 5-35kts 5-35kts 5-25kts 5-20kts 15-25kts 26-35kts >35 kts

systems, building on water ways, improper disposal of re-
fuse, limited roof-top rain harvesting in urban area, land
cover change, less lawn, and limited tree planting. In their
work also confirmed that intensive and unplanned human
settlements in flood-prone areas played a major role in
increasing flood risk in Africa as observed in most parts of
Accra (e.g., Avenor and Kaneshie) and Kumasi (e.g.,
Buokrom and Anloga junction) [6].

Generally, the month of June is the peak of the major
rainy season over southern Ghana. Consecutive days of
rainfall over the high grounds and the inland areas were
continually drained off to the sea. Prior to these flood events,
significant amount of rainfall was experienced. For case B,
the city being a coastal town and at comparatively low al-
titude receives run-offs from the high grounds and dis-
charges off to the sea.

Accra is one of the most densely populated cities in the
country, with high rural-urban migration resulting in
unplanned settlements. The waste generated mostly ends
up in the drains and is washed into water bodies which

ultimately end up in the sea. City dwellers occupy riparian
zones and wet-lands leading to flood initiation when
moderate rains occur. It is a great challenge for city
planners to control and regulate infrastructural activities in
the area. These play a greater role in causing flood events
with moderate rainfall.

4. Conclusion

This study investigated the meteorological dynamics for the
heavy rainfall that resulted in flood over Kumasi and Accra.
Qualitative analysis was done using graphical representation
of the thunderstorm propagation from GSMaP and global
and regional model outputs results. In order to establish the
uniqueness of the event as a result of its damage, a com-
parative analysis was done with historical flood occurrence.
The results from meteorological analysis indicate that MSLP
was low with significant moisture influx for thunderstorm
system growth and development. It was observed that the
thunderstorm thrived under weak synoptic features, even
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FIGURE 16: Accra and Kumasi 95th percentile threshold. This shows
most flood events below the threshold.

though the moisture was enough for its survival. This led to
its slower movement and subsequent stagnation. Moreover,
it was also observed that the weak AE]J (at 12 UTC and 18
UTC) contributed to its weak propagation. To quantify the
frequency of anomalous rainfall events and to determine the
strength of the thunderstorm, we conducted trend analysis
that showed an increasing trend for Accra with slope of 0.045
and a decreasing trend for Kumasi with slope of —0.07. This
also coincides with the less days with heavy rainfall for Accra
using the 95th percentile threshold of 45.10 mm and more
days with less heavy rainfall for Kumasi using the 95th
percentile threshold of 42.16 mm.

Miller checklist for severe weather categorization was
used to assess the strength of the thunderstorms for some
selected meteorological parameters. From the results as
summarized in Table 2, the thunderstorms that led to the
heavy rainfalls were weak. This study concludes that the
meteorological conditions that aided the formation and
propagation of the weather systems that produced the heavy
rainfall events resulting in the floods that occurred over the
study areas were nonmeteorologically induced. Anthropo-
genic activities such as buildings on water ways and choked
drainage systems were responsible for the floods. Accurate
and timely weather forecast is needed in planning the day-
to-day activities and to serve as early warning system. This
study has shown some of the main synoptic features that
produced the heavy rainfall events in Ghana and could serve
as a reference for forecasters in Ghana and the West African
subregion as far as forecasting heavy rainfall event is con-
cerned. Further studies must be carried out over other areas
within the country to determine the 95th threshold for
extreme rainfall, especially the flood-prone zones.
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