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Abstract

Cold pools and associated wind storms are frequent occurrences in Southwes-
tern Nigeria, especially during the early monsoon phase. The associated surface
wind gust frequently destroys properties resulting in economic losses. Two case
events were investigated in this study; one event occurred in May 2019 and
the other occurred in March 2020, both in southwestern Nigeria. The Na-
tional Oceanic and Atmospheric Administration (NOAA) National Center
for Environmental Prediction (NCEP)/Climate Prediction Center (CPC) Infra-
red brightness temperatures and CPC Morphing technique (CMORPH) rain-
fall products were analysed alongside in-situ observations from the Nigerian
Meteorological Agency (NiMET). Other data sources analysed are the National
Aeronautics and Space Administration (NASA) Prediction Of Worldwide
Energy Resources (POWER) and the World Wide Lightning Location Network
(WWLLN). Cold pools were identified in the impacted communities as indicated
by surface characteristics investigated from the in-situ observations. There was a
sudden change in wind direction, with a simultaneous drop in temperature ac-
companied by increasing wind speed. Pressure and humidity were observed to
change in the same period. Thunderstorms were also present in the impacted
communities, as observed by the in-situ observations, in both case events. The
presence of lightning as observed by WWLLN agrees with the in-situ thunders-
torms. The cloud characteristics showed the presence of cloud shields, by their
brightness temperature, over the impacted communities during the period of
the cold pools in both case events. The systems were raining at the time of
the observations in both cases, consistent with the in-situ thunderstorm observa-
tions. The communities were heavily impacted with several properties de-
stroyed in the events. These early monsoon seasonal windstorms require a fo-
recasting tool for their prediction and this study presents an eye-opener for fur-
ther investigation and innovative research to address the menace.
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1. Introduction

A convective cold pool is a region of evaporatively cooled air that has been
transported to the surface through convective downdrafts and has then, upon
reaching the surface, spread out as a density current [1] [2]. As cold pools ex-
pand, they displace warmer ambient air [3]. This more buoyant environmental
air is then uplifted, and new clouds can form as a result [3] [4]. Colliding cold
pools can be a particularly effective trigger for new convection [5]. Furthermore,
cold pools bring gusty winds that enhance sensible and latent heat fluxes, which
in turn modify the thermodynamic properties and moisture structure of the sub-
cloud layer [6] [7].

Cold pools are known for the development or initiation of secondary storms,
which are dependent on factors such as the speed and depth of the cold pool,
among other environmental factors [8]. The development or initiation of con-
vective cells in the boundary between the environment and the cold pool con-
stitutes the major mechanism that sustains multicell thunderstorms [9] [10].
For stronger cold pools, the supply of warm air to the updraft is rapidly cut off
due to the speed of the cold pool, thus resulting in the decay of the thunders-
torm.

[11] showed a significant increase in maximum wind gusts in Ibadan during
the period 1989-2008 in which most of the second half (1998-2008) of the period
experienced more windstorm events than the first half (1989-1997). [12] inves-
tigated the relationship between average wind speed and maximum wind speed
(wind gust) for a single year (2020), which showed stronger seasonal correlations
during the dry season than the wet season. Devastating rainstorms are seasonal
recurring disasters during the rainy season in West Africa, particularly Nigeria,
which often affect lives and properties negatively and frequently occur as flash floods
and heavy downpours, lightning and thunderstorms, or commonly in form of very
strong windstorms [13] [14]. Strong winds also affect agricultural crops, and ex-
pose airplanes to a high risk of crashing during take-off and landing [15] [16]. In
2014, [17] reported that 980 natural disasters (associated with losses) occurred
globally; 42% were floods-related (hydrological), 41% were storms-related (Meteo-
rological), 8% were geophysical-related phenomena (earthquakes and volcanic
eruptions), 9% were climatological-related phenomena (heatwaves, cold waves,
droughts, wildfires).

The devastating effects of annual rainstorm/windstorm disasters are usually
caused by uncontrolled and indiscriminate anthropogenic activities over time
and space, which directly impacts communities, lives, and properties [18]. The

vulnerability of any society or individual to disaster can be cushioned by short-term
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coping approaches and long-term adaptation practices that change anthropogenic
activities in other to minimize impacts. This can be achieved by effective disaster
relief agencies and institutions in Nigeria and through the involvement of poten-
tial victims of climate hazards in the planning and operations of such institu-
tions [19].

Nigeria is situated between latitudes 4°N and 14°N above the equator. The
longitude is between 3°E and reaches nearly 15°E. It is surrounded by Niger to
the north, Cameroon to the east, Benin to the west, Chad to the northeast, and
the Atlantic Ocean to the south. Nigeria is divided into 36 states and a Federal
Capital Territory (FCT). Her population is over 200 million and spread over an
area of 923,768 sq km. it has a width of about 1,200 km from west to east and
about 1050 km from south to north. Nigeria’s topography ranges from lowland
along the coastal areas and in the lower Niger Valley to high plateaus in the
north and mountains along the eastern or Cameroonian border. The north-
ward/southward migration of the Inter-Tropical Convergence Zone (ITCZ) is
the fundamental factor controlling the Nigerian climate [20].

The two stations are located in southwestern Nigeria, as shown in Figure 1,
with similar climate characteristics. Southwestern Nigeria has a tropical climate
with two distinct seasons. The wet season is from April to October and the dry
season is from November to March [21] [22]. The temperature values ranged
between 21°C and 34°C whereas the annual rainfall amount ranged between 150

and 3000 mm. The rainy season is linked with the Southwest monsoon trade
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Figure 1. Map of Nigeria showing the two locations of the case studies (impacted com-
munities).
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wind from the Atlantic Ocean whereas the dry season is linked with the north-
east trade wind from the Sahara desert. Vegetation in Southwestern Nigeria com-
prises freshwater swamps and mangrove forests at the belt. The lowland in the
forest stretches inland to Ogun and part of Ondo State, while the secondary for-
est is towards the northern boundary where the derived southern Savannah ex-
ists [21].

This study was born out of the need to investigate the gusty winds that re-
sulted in the severe destruction of properties from two different/selected storm
events associated with cold pools over two different locations in Nigeria in 2019
and 2020. Very little research had been conducted to investigate the weather (e.g.
cold pool) associated with disasters and addressed the impacts of climate hazards
over West Africa and Nigeria in particular. These hazards are persistent during the
early phase of the monsoon season e.g. [11] assessed a major windstorm event that
occurred in Ibadan in March 2008), and there are no decision support systems on
ground to monitor and predict the events before they occur. For example, the
first rain in Akure (one of the communities currently investigated in this study),
which occurred on 18" February 2022, had a devastating impact on the city with
some communities left without electricity for some weeks, roofs of houses were
blown away, among others. So it is a common and frequent occurrence during the
early phase of the monsoon. The result section, in this paper, is divided into ob-
served surface characteristics, observed cloud characteristics, and observed im-

pacts for each of the impacted communities.

2. Data and Methodology

Data from the Nigerian Meteorological Agency (NiMET) and National Aero-
nautics and Space Administration (NASA) Prediction Of Worldwide Energy
Resources (POWER) were used to identify the cold pools and to describe the
surface characteristics of the cold pools in each of the two case events. The Ni-
MET data served as in-situ observation to complement/validate the POWER da-
ta for each case event. In-situ data consist of wind speed and direction, tempera-
ture, surface pressure, and humidity. The data were available in hourly intervals
for one week but analysis was performed only during a-day period since visual in-
spection/observation indicated that there are no specific phenomena preceding
the cold pool event.

The National Oceanic and Atmospheric Administration (NOAA) Climate
Prediction Center (CPC) created the CPC Morphing technique (CMORPH)
from level-2 rainrate retrievals of the Passive Microwave (PMW) observations
from multiple Low-Earth Orbit (LEO) satellites (DMSP 13, 14 & 15 (SSM/I), the
NOAA-15, 16, 17 & 18 (AMSU-B), and AMSR-E and TMI aboard NASA’s Aqua
and TRMM spacecraft). It also housed Infrared (IR) Brightness Temperature (TB)
data merged from different geostationary satellites. The IR data is a globally-merged
(60°S - 60°N) 4-km pixel-resolution, from the Japanese, European, and U.S. geosta-
tionary satellites (GMS-5/MTSat-1R/2/Himawari-8, METEOSAT-5/7/8/9/10, and
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GOES-8/9/10/11/12/13/14/15/16). It can be downloaded from
https://disc2.gesdisc.eosdis.nasa.gov/data/ MERGED_IR/GPM_MERGIR.1/. The
CMORPH is bias-corrected and produced on a resolution of 8km by 8km (0.07277
degrees Lat./Lon.) in 30 min intervals since December 3, 2002 till date

(http://www.cpc.ncep.noaa.gov/products/janowiak/cmorph_description.html).
It is based on this fine spatio-temporal resolution that the NOAA NCEP/CPC
Infrared brightness temperatures and CMORPH rainfall products were used to

show the presence of storms over the locations of the cold pool events.

The WWLLN (https://wwlln.net/) is a global lightning detection network around
the Earth. A project Team, led by Prof Robert Holzworth of the University of
Washington, collects these data remotely with the cooperation of the universities
and institutes which host the stations of detection. The electromagnetic rad-
iations emitted by lightning strokes at Very Low Frequency (VLF) and called
Sferics are detected by the WWLLN sensors. The Detection Efficiency (DE)
of WWLLN has significantly improved between 2005 and 2015 [23], reaching up
to 80% when compared to New Zealand Lightning Detection Network [24]. This
detection efficiency is close to TRMM’S LIS detection efficiency of 90% [25]
[26]. These strokes are then localized by using the Time of Group Arrival tech-
nique (TOGA: [27]). The stations can be separated by thousands of kilometers
because the VLF frequencies can propagate within the Earth-Ionosphere wave
guide with very little attenuation. The stations are targeted at 3000 km apart on
the average to cover the globe and to localize at least 50% of the Cloud-to-Ground
(CG) strokes with an average accuracy better than 10 km [28]. Since its inception
in March 2003, and global observations in August 2004 [24] [29], the WWLLN has
been improved in terms of number of stations and development of the processing
algorithm [30]. This provides a robust climatological database of lightning, which
are applicable for seasonal and diurnal analysis of the earth’s climate [29]. In
2014, it had more than 60 sensors spread over the planet, and the Federal Uni-
versity of Technology Akure became part of the partner/host universities in
May 2021. This work used actual total stroke counts, on the assumption that
the WWLLN Detection Efficiency (DE) variation is fairly uniform across Ni-
geria.

Provod et al. [31] stated that 30-min time period previously used to identify
pre-storm minima and maxima surface variables [32] was limited for the case
study of Niamey used in their study, particularly for surface pressure, hence jus-
tifying the need to use hourly intervals for this study. Similar to [31], cold pool
identification in this study was based on a sudden change in wind speed and di-
rection, consistent with decreasing temperature and rising surface pressure. The

two case events, for this study, were subjectively identified as in [31].

3. Results and Discussion
3.1. Observed Surface Characteristics and Cold Pool Identification

There are two sources of surface data used to describe surface characteristics and
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for comparison. The NASA POWER data shown in Figure 2(a) and the in-situ
NiMET data (Figure 2(b)). Both Figures represent plots of wind speed and di-
rection (top), relative and specific humidity (middle), and temperature and sur-
face pressure (bottom). On 26" May 2019, Owu-Kuta in Osun State Nigeria ex-
perienced a cold pool wind gust. As indicated by the continuous vertical red line,
there is a sharp drop in the wind direction for more than 1-hr as reflected in
both Figure 2(a) and Figure 2(b). The temperature, at this time, was already de-
creasing and the pressure was rising (increasing) with corresponding increasing
wind speed. The relative humidity was increasing until close to saturation (100%)
during the same period. The above environment established the presence of cold
pools based on [31]. The maximum wind gust was around 2 m/s on the average
from the two different sources (NASA POWER and NiMET) during the period
of the cold pool.

On 19" March 2020, the city of Akure Ondo State Nigeria experienced cold
pool wind gust during the evening hours, which lead to destruction of proper-
ties. Figure 3(a) and Figure 3(b) showed a sudden drop in the wind direction
(top), which lasted more than 1-hr. the temperature was decreasing also during
this period, whereas, the surface pressure was increasing, based on the NASA
POWER observation, but surface pressure was constant as observed by the
in-situ NiMET observation. The relative humidity was increasing and reached
near saturation (100%) during the same period. The wind speed was fluctuating
and exceeds 3 m/s on the average from the two different sources. As in the first

case event, parameters that described the Akure cold pool wind gust showed
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Figure 2. Daily time series for Owu-Kuta as observed by the NiMet surface station some kilometers from the impacted communi-
ty. This time series is for 26 May 2019, when a cold pool crossing was identified at around 1400 - 1600 Local Time (LT) (denoted
by the vertical red line). Black dashed lines denote the transition into another day.
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conformity with [31]. In each case event, the black dashed lines indicated the

boundary/transition into another day.

3.2. Observed Cloud Characteristics

The cloud parameters analysed are the Brightness Temperature (Tb), Rainfall

amount, Lightning and thunderstorm amount. The May 26™ 2019 cold pool

event was observed to have great impact in a community in Osun State of Nige-
ria. Owu-Kuta is situated at Latitude 7.65° and Longitude 4.28° Osun State
Southwestern Nigeria. The NOAA brightness temperature (Figure 4) clearly in-

dicated the presence of cold cloud (core < 200 K) in the vicinity where the cold pool

was observed. The core of the cloud shield was not centered over the impacted

—— WD10M

<
—

X
I
N
=

(a) (b)
@i 260Z o
E § E
° | = S 3+
g3 208 8
Q 3 Q.
n (=) W
1
-19.5
~ 90—
S F19.08
I 2 Igod
< -18.5% <
~18.0 704
—969 =
& —300 £1050+
5968 T 3
< 968
5 ~285 5
2 s 2
@ 967 265 @ 1000
o ~ I g‘ %
= ~
3966+ T~-- [ 3

6 5 1o 1

Local Time

20 25

Figure 3. As in Figure 2 but for Akure metropolis.

14 -

12 /-

=
o
1

Latitude(*)

o)

- T2m

SPrs

o
S

— -

\

\
)
* LI ] _|-_ —_— | —_—
A\
w
Temperature( ° C)

,L
S

..... - 290.0
- 275.0

7 9
Longitude(°)

11

- 260.0

245.0
230.0

- 215.0

K

200.0
185.0

170.0
13

Figure 4. Cloud shield over the impacted community on 26™ May 2019 at 21 UTC.

DOI: 10.4236/acs.2022.124038

685

Atmospheric and Climate Sciences


https://doi.org/10.4236/acs.2022.124038

R. A. Balogun et al.

a) CMORPH: 20190526 21Z

community at the time of the satellite snapshot (21Z) on 26™ May 2019, howev-
er, clouds over West Africa are known to migrate westward [33] [34] [35], therefore
it is expected that the cloud would have migrated over the impacted community
few minutes/hours later.

The cloud shield spread over several kilometers across some states in south-
western Nigeria of which the peak 3-hr accumulated rainfall amount (~60 mm),
as shown in Figure 5(a), was observed over Akure (Latitude 7.23, Longitude
5.21) and environs in Ondo State. The system, which is already dissipating at the
time it was capture, indicate that it had initiated in the mid-afternoon [36]. The
satellite imagery (Figure 5(b)) of the CMORPH rainfall indicated that the sys-
tem had migrated slightly westward 3-hr later and accumulated rainfall amount
peaked at 60 mm-3hr™' during 21:00 - 00:00 UTC, except for a location north of
8" Latitude.

In Figure 6(a) and Figure 6(c), representing the case event of 26™ May 2019,
the in-situ NIMET observed (locally observed) rainfall amount and number of
thunderstorms present indicated that the hourly rainfall peaks at 15 Local Time
(LT), that is, 16 UTC in Figure 6(a), and three thunderstorms were observed
to be present at exactly the same time in the impacted community, as shown
in Figure 6(c). The WWLLN stroke density discussed in the next paragraph, and
shown in Figure 7(a), does not depict actual number of thunderstorms, but
presents patterns and possible location/presence of thunderstorms. Separate
thunderstorms can be determined using clustering algorithm to cluster strokes
in time and space [37], which is beyond the scope of this work. Thus, this work
has not compared the number of locally (NIMET) observed thunderstorms with
the WWLLN observations of stroke density but presented the results separately.
Although, Figure 7(a) indicated relatively few possible presences (about two or
three) of thunderstorms, similar to the locally (NIMET) observed number of
thunderstorms, this cannot be ascertained since clustering algorithm was not

b) CMORPH: 20190527 00Z
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Figure 5. 3-hr accumulated rainfall amount on 26™ May 2019 during (a) 19 UTC - 21 UTC, and (b) 22 UTC - 00 UTC.
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Figure 6. In-situ rainfall amount and number of thunderstorms on 26" May 2019 for (a) and (c) and 19" March 2020 for

(b) and (d). The black dashed vertical lines are the transition into another day.

performed on the strokes. The rainfall amount had dropped from its peak value
of 17.5 mm to about 5 mm at mid-night indicated by the dashed black vertical
line. The thunderstorms present had also reduced to only one, meaning that two
thunderstorms had decayed during the pass hours. In Figure 6(b) and Figure 6(d),
representing the case event of 19"™ March 2020, the in-situ NIMET observed (lo-
cally observed) rainfall amount and number of thunderstorms present indicated
that the hourly rainfall has it highest value at 17 Local Time (LT), that is 18 UTC
in Figure 6(b), whereas there are three thunderstorms present at 15 (LT, synop-
tic hour) as shown in Figure 6(d). It was observed that two thunderstorms had de-
cayed as at mid-night, the remaining one was not producing rainfall at mid-night.
Although there were clusters of thunderstorms, as shown by the WWLLN obser-
vation (around ten localized and separated stroke density maxima, which could
mean possible isolated and separated thunderstorms) in Figure 9(a), again this
number could not be ascertained since clustering algorithm was not performed
on the strokes to determine the actual number of separate thunderstorms from
WWLLN observation. The local (NIMET) observations were recorded on syn-
optic hours whereas the WWLLN observations represents the whole day for both
case events.

Lightning observations from WWLLN showed distributions, with 0.5° x 0.5°
resolution, of stroke density (strokes-km™.day™": since the plot is observation for
one day) in locations where lightning were observed. Figure 7(a) showed stroke
density of about 400 stroke-km>day ' around or in close proximity to Owu-Kuta
as indicated by the arrow. This also justified the presence of thunderstorm around
or in close proximity to the impacted area (Owu-Kuta). There were observed

higher stroke densities over the Land-Ocean boundaries (Figure 7(a)). The diurnal
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Figure 7. Showing (a) lightning/stroke density distributed over Nigeria on 26™ May 2019 and (b) diurnal cycle of stroke
counts over Nigeria [Lat.: 4° - 13°; Lon.: 3° - 13°] on 26™ May 2019.

cycle, in Figure 7(b), showed peak activities and hence highest stroke counts at
around 14 - 16 UTC (daytime), whereas the minimum lightning activities were
observed at night and morning hours. This is consistent with [23], based on TRMM
and WWLLN data, that maximum diurnal lightning activities over Benin peaks
around 18:00 UTC and minimum frequencies are observed during morning
hours (10:00 - 11:00 UTC). Balogun et al. [38] justified more stratiform precipita-
tion (precipitation with little or no flashes) during night and morning hours
and more convective storms (thunderstorms and deep convective systems) during
afternoon and evening hours over West African sub-regions. The highest observed
occurrence of lightning was about 1750 stroke counts during the 14:00 UTC. About
1600 and 1700 stroke counts were observed during the 15:00 and 16:00 UTCs,
which represented the highest during that particular day.

Results for the case event on 19™ March 2020, which occurred in Akure the
Ondo State capital, indicated the presence of cloud (Tb < 200 K and substantial
rainfall amount observed) over Akure (Latitude 7.23, Longitude 5.21). Satellite
observations, using geostationary weather images, are known to be appropriate
for identifying thunderstorms and hence MCSs [39] [40]. The core of the cloud
shield, indicated by the brightness temperature in Figure 8(a), is centered over
Akure with value as low as 170 K at 18 UTC on 19" March 2020. The system was
also producing rainfall, as shown in Figure 8(b), with 3-hr accumulated rainfall
amount of 20 mm between 15 - 18 UTC on same day over the impacted location
(Akure).

The WWLLN lightning observations showed distributions over Akure, with
0.1° x 0.1° resolution, of stroke density (strokes km™ day™": since the plot is ob-

servation for one day) in locations where lightning were observed. In Figure 9(a),
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Figure 9. Showing (a) lightning/strokes density distributed over Nigeria on 19" March 2020 and (b) diurnal cycle of
stroke counts over Nigeria [Lat.: 4° - 13°; Lon.: 3° - 13°] on 19" March 2020.

the stroke density is above 50 strokes-km™>-day™ in the vicinity of the impacted
area (Akure) indicated by the arrow. The stroke density resolution used for
Akure (0.1° x 0.1°) is different from the case event over Owu-Kuta (0.5° x 0.5°).
Another location, left of Akure city, within or outskirt of Akure indicated stronger
stroke density, which could also have strong influence over major Akure com-
munities. These are scattered thunderstorms in and around the impacted area
(Akure). During this particular day, there were no observed stroke densities over
the Land-Ocean boundaries (Figure 9(a)), unlike in May 26™ 2019. In Figure

9(b), the diurnal cycle showed peak activities and hence highest stroke counts at
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around 17 UTC (evening time), whereas the minimum lightning activities were ob-
served at night and morning hours, as was observed for the Owu-Kuta case event.
This result is also consistent with [23] and [38] as discussed for the Owu-Kuta
case event. The highest observed occurrence of lightning was about 1000 stroke
counts during the 17:00 UTC, whereas, the morning hours recorded little or no
stroke counts up until about 13:00 UTC, after which the strokes begin to in-

crease.

3.3. Observed Local Impacts

Local communities experience disasters most acutely [41]. The local impacts of
the cold pool wind gust are presented in Figure 10 for the case event of 26™ May
2019, which occurred in Owu-Kuta Osun State Nigeria. The wind gust broke
down mounted structures, which fell on parked vehicles (Figure 10: left wing),
and it also opened the roof of the Oba’s palace in Owu-Kuta (Figure 10: right
wing). The Hope newspaper [42] gathered that about sixteen buildings, besides the
palace of Oba Adekunle Oyelude Makama, the Olowu (king/paramount ruler) of
Owu Kuta, had their roofs fully blown off by the windstorm. The windstorm blew
off a part of the roof of the Oba’s palace and some other properties, such as furni-
ture, where damaged inside the palace. The blown-off roof fell on the traditional
ruler’s car, which resulted in some damages on the car. These observed and usually
high impacts on communities, particularly in this part of the world, are caused
by poor (little or zero) mitigation approach or complete absence of disaster risk
reduction strategy [43].

Another source, Nigerian Tribune [44] gathered that antecedent of the de-
structive rainfall occurred in the atmosphere over the impacted community few
minutes earlier when an unusually dark cloud, presumably a Nimbostratus cloud,
suddenly occupy the sky at about 3:30 pm, which caused anxiety among dwellers.
While the residents were hoping for a moderate rain that would suppress the hot
temperature on their bodies, what they experienced was a destructive windstorm,
violently blowing-off roofs of buildings. Other infrastructure affected was electricity
poles, and the windstorm uprooted trees, of which some explained the event as
spiritual.

»
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-
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Figure 10. The damage on a parked vehicle on the left side, and blown off roof of the
Oba’s palace on the right side.
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However, the traditional ruler dismissed the argument that the windstorm was
caused by spiritual factor or by certain forces. He stated that it was a natural dis-
aster, on the ground that the storm affected two nearby communities like Ikoyi
and Iwo. According to him, a public school’s roof was blown off in Ikoyi and in
Iwo, a well-known place known as Odori was strongly hit by the windstorm. He
further said, “Just take a look at this place well and tell me the number of trees
standing here. This is an open place which needs trees to shield the buildings
from heavy winds as we just experienced. The world has developed beyond at-
tributing every bad occurrence to the gods or anger by the ancestors. If the an-
cestors have the opportunity of returning to the world, they would not want to
do things the way they did it in their first coming. What I am saying is that an
incident like this is simply a wake-up call and a reminder that we should endea-
vor to plant trees. This deforestation is counter-productive despite the fact that it
is evidence of development. But when we cut trees in the forest we should always
endeavor to plant more”.

Gencer [45] wrote that increasing density of human population, deforestation,
expansion of slums, blocking of natural derange, soil erosion, among others fre-
quently increased the risk of disasters. Others responsible factors include inade-
quate governance, inappropriate use of resources, and poor preparedness. Ac-
cording to [46], increasing environmental degradation, risk of geological events
and extreme weather as a result of growing population encourage vulnerability
and reduced resilience to risk disasters.

The traditional ruler used the opportunity to call on the Nigerian Meteorologi-
cal Agency (NIMET) to learn from developed nations where natural disasters are
forecasted before they occur, and precautionary measures taken to prevent it.
“NIMET is saddled with that responsibility to guide us on the behaviour of the
weather. We all know that the entire world is experiencing climatic change. That
is more reason the agency should always update us so that we prepare before ca-
lamity comes”, he said.

The second event investigated occurred in Akure City and impacts are pre-
sented in Figure 11. The windstorm rendered some residents homeless, some
injured, and some dead. The Hope Newspaper [47] recounted some of the dam-
ages as follows; an eye witness explained that the windstorm carried a container
and the owner inside, which resulted in several injuries on the fellow inside the
container. Also, the wind lifted a car slightly above the ground from the road,
which made the passengers alighted and took to their heels in the heavy down-
pour. Dwellers in Abusoro/OluFoam, Onigari area of Shagari village, and Igoba
communities in Akure had their electricity poles broken and pulled down. A
forty year old electrician whose building almost collapsed to the unfortunate
incidence, informed The Hope Newspaper in Olufoam community that the wind
removed the roof of his building and destroyed the roof of another house in the
impacted community, and the storm later pulled down almost all his entire
building. An inhabitant in the impacted community narrated that his three

children left the house to stay with a neighbor as a result of fear due to the intensity

DOI: 10.4236/acs.2022.124038

691 Atmospheric and Climate Sciences


https://doi.org/10.4236/acs.2022.124038

R. A. Balogun et al.

Figure 11. Damage on different locations of windstorm in Akure metropolis on 19" March
2020.

of the wind, which later wreak havoc on his building. As suggested by [48] and
[49], most climate disasters can be mitigated (reduced) by community-based
collective response and building resistance in other to cope with the event at the
time and location it occurred.

Kayode Jide, a bricklayer with four children, whose house was pulled down to
its foundation. In his words; “I was in town on that day but the rain which fell in
town was not destructive. I was surprised when I received a call that my house
had been pulled down by the wind and my children were inside the house. I
thank God because He used my neighbours to rescue the children from the
scene. The wind was just too much. I have never seen that kind of wind before in
my entire life”.

According to [50], the people most affected by windstorms/rainstorms are the
poor (low-income earners). For example, a 63-year-old widow recounted her
losses while speaking with The Hope Newspaper. In her words; “I trade in garri
(cassava flour) at Odokoyi market and I built this 10 bedroom face me I face you
apartment after the demise of my husband some five years ago. I was in the house
with six other people including my daughter-in-law who had a six-month-old ba-
by with her. It was raining and suddenly, the wind began to operate. We started
praying to God for mercy and the next thing we saw was a block that fell right in
our midst in the room before the whole ceiling fell on us. Nobody was injured and
we all escaped through the window before most parts of the house were pulled
down. All our roofs which were removed during the rain spread across the road
preventing vehicular movement”. The finding by [51] indicated that natural disas-

ters often increase poverty due to human and material losses.

4. Conclusions

Two case-study events have been analysed in this study, at different locations
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and times (year) but in the same climate region. The two events were associated
with cold pools locally and did not result in secondary storm development. The
first event occurred in Owu-Kuta, a small community in Osun State Southwest
Nigeria and the second event occurred in the Akure metropolis and suburbs in
Ondo State also in southwest Nigeria.

Wind gusts, resulting from cold pools, are known to be a seasonal phenome-
non, particularly during the early phase of the West African monsoon. All pa-
rameters used for the analysis clearly supported the presence of cold pools, cloud
shields, thunderstorms, and hence precipitation in the impacted communities. Sud-
den changes in wind direction and drop/decrease in temperature are particular evi-
dence of identified cold pools for the two case events. Identified cloud shields and
thunderstorms which spread over the impacted community, during the period of the
events, also supported the in-situ results. Results from this work proved the relev-
ance of combining in-situ observations (such as temperature, wind speed/direction,
surface pressure, number of thunderstorms, and humidity) together with remote
sensing observations (such as brightness temperature, CMORPH rainfall, and
WWLLN lightning) for investigating locally-based phenomena. The results are al-
so consistent with newspaper reports from the impacted communities based on in-
terviews with affected inhabitants.

Following discussions from literature, as highlighted in previous sections, there
is a need for government enlightenment, community awareness, and preparedness,
reducing deforestation or increasing forestation, community-based collective re-
sponse, adaptation practices that change anthropogenic activities, involvement of
relevant institutions and agencies, among others, to mitigate climate risk hazards.
Impacted communities should also not attribute natural hazards as being spiritual.
They have roles to play in other to avert or mitigate the occurrence of such events.
Decision support systems and forecast systems, as suggested by a monarch, should
be operational to help communities take precautionary measures to prevent or re-

duce severe damage and/or losses as a result of natural disasters.
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