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Abstract: Air contamination on highways and in urban communities poses a significant
environmental concern for the country. The poor condition of many vehicles on our roads has
greatly contributed to air pollution in these areas. Understanding the lapse rates at different
heights can provide valuable information about the potential impact of contaminants released
into the atmosphere. This study aims to investigate lapse rates at various height ranges,
specifically at one-meter intervals from the ground surface to a four-meter height, to identify
probable hotspots of pollutants produced by automobiles on the road. An Arduino Mega 2560
equipped with DHT22 (Digital Humidity-Temperature sensor) temperature sensors was
employed to automate the measurement of daily temperatures at different heights. The data
collection occurred from January 31, 2020, to March 27, 2020, at the electronic entryway on
Legon-Gimpa Street, with a GPS location of 71.0 m above sea level, longitude 0.1983° W, and
latitude 5.6418° N at the University of Ghana, Legon Campus, Ghana. The ground (0 m) to 1
m height range exhibited a positive lapse rate throughout the day, with a mean of 2.7770 °C/m.
The mean lapse rate for the diurnal cycle (daytime) for the 0 m to 1 m height range was 4.5332
°C/m, while for the nocturnal cycle (nighttime) it was 1.0208 °C/m. Height ranges 0 m to 1 m,
1 mto2m, and 3 mto 4 m typically had positive lapse rate values, whereas the 2 mto 3 m
height range predominantly showed negative lapse rate values. The mean lapse rates from the
ground to the 5 m height for periods before, during, and after the sun were 0.2484 °C/m,
1.6297 °C/m, 1.4410 °C/m, and 0.3172 °C/m, respectively. The overall mean lapse rate for the
diurnal cycle across the entire height range was 1.5353 °C/m, while for the nocturnal cycle it
was 0.2828 °C/m. These findings indicate significant variability in lapse rates at different
heights and times of day, which can influence the dispersion and concentration of pollutants. It
is recommended to further investigate these variations and their implications for air quality
management and vehicle emissions regulations in urban environments.This work gives
guidelines for evaluating air contamination using the lapse rate.
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gases. Nature and humans inevitably emit all kinds of
foreign materials in the form of solid particles, liquids,
and gases into the atmosphere (Breton et al., 2021).

Introduction

Pollution comes from the Latin pollutus, which means

made unclean, dirty or foul (Numbere et al., 2023;
Cunningham, 2007). Thus, emission of any form of
materials foreign into the atmosphere can be described
as atmospheric pollution. Polluting substances can
exist in the form of solid particles, liquid droplets, or

These foreign materials especially the amounts that
come from natural sources allow the regulation of
temperature to a suitable value for the existence of
living things on the surface of the earth. “With very few
exceptions, these natural releases are either isolated and
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temporary (forest fires, dust storms) or produce
undesirable substances slowly from widely dispersed
sources (hydrocarbons from decomposing vegetation)
and are therefore absorbed by the atmosphere without the
more obviously adverse effects associated with
excessively high man-made effluent concentrations (FN
& MF, 2017; Xu et al., 2022). These natural emissions
offer natural dilution and self-purifying processes in the
atmosphere, and these are necessary to keep the global
temperature at approximately 15°C that is essential for
the maintenance of life on the earth. The excesses
enhance the atmospheric greenhouse effect that are
mostly attributed to anthropogenic activities are the
disturbing component that needs to be addressed (Yoro &
Daramola, 2020). Air pollution is a complex concept,
and it is difficult to obtain a clear definition (Chaudhry &
Malik, 2017).

Carbon dioxide resulting from the combustion of fossil
fuel for example has global significance and is implicated
as possible causal factor leading to global fluctuation of
climate (Molina & Shaddix, 2007; Molina & Shaddix,
2005). Even though air pollution is mainly associated
with built up areas, the general significance that includes
the nature, distribution, and intensity is not limited to only
local implications but most often global consequences.
According to the World Health Organization, one of
every six people on the earth (more than 1.1 billion
people) lives in an urban area where outdoor air is
unhealthy to breath, and most of these people live in
densely populated cities in developing countries where air
pollution control laws do not exist or poorly enforced
(Quinn et al., 2023; Xiao et al., 2023; Yan et al., 2022).
Aside carbon dioxide and windblown soil, the total
worldwide emission of air pollutants are around two
billion metric tons per year (Cunningham, 2007).
Polluted air has negative consequences in many fields
that include health, agriculture, tourism, estate
developers, transportation, and the economy in general
(Miller & Spoolman, 2007). Air quality in developed
countries like Western Europe, North America, and Japan
has improved, but air quality in the developing world,
especially in the burgeoning megacities of rapidly
industrialized countries like Lima, Sao Paulo, Buenos
Aires, Rio de Janerio all in South America; Accra, Lagos,
Egypt, Abidjan- all in Africa; and Delhi, Mumbai,
Karanchi, Madrasi, Jakarta-all in Asia are degrading, and
air pollution often exceeds World Health Organization
standards (Sinha et al., 2020; Khan et al., 2021). Studies
shown that the number of vehicles that are imported into
Ghana, and for that matter the number of vehicles plying
on our roads has increased astronomically (Armah, 2020;
Yahans Amuah et al., 2022). According to (Ayetor et al.,
2021) 72 million vehicles are in use as of 2018 in Africa.

These vehicles emit mainly CO,, CO, and SO, as fossil
fuels are burnt. These gases emitted from the exhausts of
the wvehicles eventually find their way into the
atmosphere. Ayetor et al., indicated that greenhouse gas
emissions from transportation in Africa is growing at a
rate of 7% annually. Huo et al. 2023 reported that
transportation is responsible for 24% of direct CO,
emissions from fuel combustion.

Existing studies have mostly focused on climatological
variabilities of lapse rates (Zhong et al., 2023; Joshi et
al., 2023), altitudinal temperature variations (Rolland,
2003; He & Tang, 2023; Gierens et al., 2022), the
influence of building materials on air quality (Maung et
al., 2022; Arar et al., 2022; Arar et al., 2022), and
precipitation gradients (Bell et al., 2022; Kumar et al.,
2022; Anders & Neshitt, 2015). These studies utilized
methods such as radiosonde data analysis, temperature
measurements from meteorological stations, air quality
monitoring, and observational data from mountainous
regions to understand lapse rates. However, while these
studies have addressed lapse rates in various contexts,
none have specifically used lapse rate measurements to
identify and prospect air pollution hotspots. This study
aims to fill that gap by leveraging lapse rate
measurements at various heights to pinpoint potential
hotspots of pollutants produced by automobiles on the
road. Using Arduino Mega 2560 with DHT22
temperature sensors, we automated the measurement of
daily temperatures at one-meter intervals up to four
meters, providing detailed insights into the vertical
distribution of temperature and its relation to air pollution
near roadways.

Methods and procedures

Study area

The University of Ghana, legon is located in Accra,
Ghana. Accra, the capital city of Ghana, is bordered by
several key areas and geographical features: To the
south the Gulf of Guinea, which is part of the Atlantic
Ocean.To the north the Ga East Municipal District and
the La Nkwantanang Madina Municipal District. To
the east the Ledzokuku-Krowor Municipal District and
the Tema Metropolitan District.To the west the Ga
West Municipal District and the Ga South Municipal
District. Accra is a bustling urban center with
significant  cultural, economic, and political
importance in Ghana. The city's coastal location also
makes it an important hub for trade and tourism. The
GPS location of height is 71.0 m above sea level, at
longitude 0.1983 ° W, and latitude 5.6418 °N.

Governing Equations
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Processes that may cause vertical changes in
temperature in the atmosphere include convection,
submerge due to high pressure, solar radiation, and
build up air pollutants particularly greenhouse gases.
In convection and submerge due to high pressure aloft,
temperature decreases with increasing height thereby
given a positive lapse rate. For positive lapse rate,
there is continues dilution of pollution by fresh air
sinking from the airmass above. For solar radiation,
and build up air pollutants particularly greenhouse
gases, temperature increases with increasing height,
and the lapse rate is negative. The stratosphere is a
classic example of negative lapse rate due to build up
air pollutants particularly greenhouse gases like ozone
(Asadi et al., 2018). Lapse rate has a variety of
applications including rainfall pattern studies,
dispersion of pollutants, and aviation applications.
Lapse rate can help us determine the stability of air
parcel at various heights during different times of the
day at a given location, thus helping in pollutant
dispersion studies. Lapse rate (I') is the negative rate
of change of temperature with respect to height. This
can be expressed mathematically by(Ahrens & Henson,
2016)
_ar
dz
where T is the temperature and z is height into the
atmosphere.

Measurement set-up

r= (1)

Temperature measurements were taken at the
University of Ghana, Legon campus, near the
electronic gate along the Legon-GIMPA road. The
measurement setup is shown in Figure 1. The
temperature sensors were placed at one-meter
intervals, starting from the ground up to a height of
four meters. Due to the automated system, temperature
readings were taken at 30-second intervals daily. The
measurements were taken between January 31, 2020,
and March 27, 2020. MATLAB was utilized to
process the data and determine the lapse rate.
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Figure 1. The experiment at Legon-GIMPA electronic gate,
University of Ghana. Setup is on the concrete pavement
located just before the electronic gate at the immediate left

for vehicles leaving university of Ghana, Legon campus.

Results

The sensors were kept in four different positions in
order to measure the temperature. Thus, there were
four height ranges labelled as H_10 [,H] 21 ,H 32
and H_43 for the ground/ concrete surface (0 m) to 1
milmto2m 2mto3mand 3 mtodm
respectively. In terms of periods of the day, four
divisions were considered based on the observed trend
of the data. The four divisions are the time between
about 12 midnight (11:54 p.m.) and about 8:30 a.m.;
the time between about 8:30 a.m. and about 12:25
p.m.; the time between about 12:25 p.m. and about
6:45 p.m.; and the time between about 6:45 p.m. and
about 11:54 p.m. The period between 6:45 p.m. and
about 8:30 a.m. was taken as the nocturnal cycle. In
this cycle, the sun was generally not active and there
was no solar radiation incident on the surface of the
earth. The period between about 8:30 a.m. and about
6:45 p.m. was taken as the diurnal cycle. The sun is
active during this cycle, and solar radiation incidents
on the surface of the earth. Also, zero line is
introduced to serve as a baseline for easy identification
of lapse rates below and above zero.

= Zero line|
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6 o |——H21
—— H32
—— H43

Lapse rate (¢/m)

0 5 10 15 20 25
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Figure 2: Comparing daily lapse rates for different

height ranges

The calculated daily lapse rates for different heights
were plotted together as shown in Figure 2. The
lapse rates were calculated for one-meter intervals
starting from the ground. Solar radiation incident on
the surface of the earth (irradiation) is a major factor
that influence lapse rate values, particularly, between
the surface (0 m) and the 1 m height. This is shown
on Figure 2 with higher lapse rate values between
about 8:33 am and 6:45 pm. Within this period of the
day, the sun is active, and the atmosphere is heated
through the solar radiation incident on the earth
surface. This observation is further confirmed with
lower lapse rate values between about 6:45 pm and
8:33 am, the period over which the sun is not active
at the measurement site.

The dip observed between 10:47 am with
6.93°C.m™1 lapse rate, and 1:27 pm with

© 2024 Society Service and Environment Development Sector, Sohag University



26

6.10°C.m™* lapse rate and has a minimum lapse rate
of 2.03 °C.m™1 occurring at 12:22 pm for the 0 m to
1 m height range could be attributed to obscure of
the solar radiation by either cloud cover, or obstacles
such as trees and tall structures. The obscure by trees
and tall structures happens as the angle of inclination
of the sun changes. However, this cannot be the
possible explanation because the sun is almost
vertical around 12 noon in the tropics (Ahmad et al.,
2013). Furthermore, the obscure by tall trees and tall
structures will cause the reduction of the lapse rate
values for the rest of the day, not just about three
hours. Thus, the observed dip is more likely to be
caused by cloud cover (Wang et al.,, 2013). The
lapse rate values of the 0 m and 1 m range above the
zero line establish two facts namely convection, and
concrete slab surface being a better conductor of heat
than air. During the day when solar radiation is
available, the concrete surface being a better heat
conductor than the air gets heated faster thus heating
the air at the immediate boundary between air and
the concrete surface.

Lapse rate values between about 6:45 p.m. and about
8:33 a.m. are comparatively lower than the lapse rate
values between about 8:33 a.m. and about 6:45 p.m.
for the 0 m to 1 m height range. Between 6:45 p.m.
and 8:33 a.m. is the period where there is no solar
radiation at the site. Thus, the system constitutes the
concrete surface and air in the atmosphere. Here there
is natural loss of heat from the much-heated concrete
surface which is at a higher temperature to the air at
the immediate boundary between the earth’s surface
and the atmosphere. The temperature gradient in this
case decreases. Between 8:33 a.m. and 6:45 p.m., the
solar radiation is available thus the system of earth’s
surface and the atmosphere is influenced by an
external agent which is the Sun. As a result, the system
undergoes forced heating by the solar radiation which
eventually increases the temperature gradient and
consequently increases the lapse rate values. On the
average, there is positive lapse rate values for 0 m and
1m,1mand2m,and 3 mand 4 m height ranges
throughout the day. However, on the average, the 2 m
to 3 m height range shows a negative lapse rate.

Figure 3 shows graphs of lapse rates at different height
ranges for the period between about 12 midnight and
about 8:33 am. Within the period between about 12
midnight and about 4:00 am, the sun is not active over
the location where measurements were taken. For the
range between the ground and 1 m height, the lapse
rate values are above zero. This indicates that the
atmosphere within this range is unstable, there is
turbulence, and the atmospheric constituent within this

range is well mixed. The lapse rate within this range
has an average of 2.777 °C/m with the highest value of
7.100 °C/m and the lowest values of 0.5800 °C/m
occurring at about 2:17 p.m. and 6:33 am.
respectively. The abrupt shooting of the lapse rate or
highest lapse rate of 7.060 °C/m and 7.100 °C/m at
10:32 am. and 2:17 p.m. respectively may be
attributed partly to instant release of hot exhaust fumes
from vehicles and partly to solar radiation heating the
ground thus causing the air closer to the ground to
increase in temperature, expand and becomes less
dense than the air above it. The relative higher values
within this height range as compared to the other
height ranges in this study indicate that there is
relatively higher turbulence and effective mixing of
atmospheric constituents within this height range.
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Figure 3: Lapse rate for different height range but the
same period between 12 midnight and about 8:33 am.

Thus, air pollutants released from the ground could
easily spread within this height range. Between 12
midnight (12 am) and about 3:30 am, all the height
ranges namely 1 mand 0, 2mand 1 m, 3 mand 2 m,
and 4 m and 3 m in this study have lapse rates above
zero. This means that pollution levels can be much
reduced within this period because pollutant released
at any given height is heavily diluted with fresh
unpolluted air within the entire region. However, the
intensity of mixing is greatest within the 1 m and O m
height range. This is because the ground being a better
heat conductor than air quickly releases much of its
heat thus warming the air closer, reduces its density
and consequently causing the cooler denser air above
to sink down in the mixing process.

Figure 4 shows graphs of lapse rates at different height
ranges for the period between about 8:33 am and
about 12:25 pm. The sun is active, and the surface of
the earth is actively warming up. Furthermore, there is
much traffic on the road between about 8:33 am and
about 9:25 am. Vehicles trying to get access at the
gate are much closer to one another and much
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pollution is released from the exhaust pipes of the
vehicles.
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Figure 4: Lapse rate for different height range but the same
period between 8:33 am and 12:25 pm.

The dominance of the H,,,, range is a confirmation of
the concrete surface being a better conductor of heat
than air. The H,,,, has a mean, maximum, minimum,
and standard deviation of 4.804 °C/m, 7.060 °C/m,
1.070 °C/m, and 1.4977 respectively. The lapse rate
values for the H,,,, range is completely far above the
lapse rate values for the other height ranges. This
observation indicates a convective activity particularly
between the boundaries between surfaces with
different specific heat capacities. The temperature
sharply drops as heat is transferred from the relatively
good conductor, in this case the concrete surface, to
the air which is a poor conductor of heat. The general
trend of the H,,,, increasing from about 8:33 a.m. to
about 10:33 a.m. shows that temperature was dropping
faster for the convective activities during that period.

In general, the curves for the Hyg., » Ha1m, and Hyspp,
ranges showing positive lapse rates clearly indicate
that as the hotter less dense air are displaced upwards,
it becomes denser as the temperature drops. However,
the lapse rate values of the Hs,,, range are negative
with a mean of about -0.2004 °C/m. This means that
the temperature increases with increasing height. This
observation is not a characteristic of a convective
activity.
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Figure 5: Lapse rate for different height range but the
same period between about 12:25 pm and about 6:45 pm.

Like the other periods of the day, the lapse rate for the
0 m to 1 m height range generally dominate over the
lapse rates for the other height ranges as shown in
Figure 5. It shows total dominance from about 12:37
pm to about 6:45 pm. It generally increases from
about 12:25 pm to about 3:25 pm. Within the period
between 12:25 pm and 3:25 pm, the H,, has an
average of 4.2624 °C/m as compared to the overall
average of 1.4410 °C/m within the entire period of
12:25 pm to 6:45 pm. The increase in the mean of H,,
gives at least two confirmations. Firstly, it confirms
that the concrete surface is far better conductor than
air such that response rate of the concrete surface is
faster than that of the air. This gives a greater
temperature gradient. There is much turbulence at that
period because much denser cold air will be above
much less dense warmer air. Secondary, it is a
confirmation that at that period the concrete surface
receives much solar radiation.
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Figure 6: Lapse rate for different height range but the
same period between 6:45 pm and 11:54 pm.

In Figure 6, apart from height range between 2 m and
3 m that have negative lapse rate values, all the other
three height ranges namely 0 and 1 m, 1 m and 2 m,
and 3 m and 4m have positive lapse rates between
about 6:45 pm and 11:48 pm. There is temperature
inversion between 2 m and 3 m indicating that the
atmosphere is stable within this height range and no
mixing occurs. There is average and standard
deviation of -0.0775 °C/m and 0.0400 respectively
within the 2 m and 3 m height range. The negative
lapse rate within the 2 m and 3 m height persisted over
nearly 5 hours between about 6:48 pm and 11:48 pm.
With this temperature inversion condition, pollution
below this height range is much enhanced. Among the
three height ranges that have positive lapse rates, 0 to
1 m range has the highest lapse rate, followed by the
height range 3 m and 4 m, and the height range 1 m to
2 m has the least value. The highest mixing region (0
to 1 m) has an average lapse rate of 1.1441 °C/m,
standard deviation of 0.1218, maximum lapse rate
1.490 °C/m occurring at 6:55 pm and minimum lapse

© 2024 Society Service and Environment Development Sector, Sohag University



28

rate of 1.000 °C/m occurring at three different times as
9:35 pm, 10:10 pm, and 10:50 pm. The height range
between 3 m and 4 m has an average lapse rate of
0.1425 °C/m and a standard deviation of 0.0341. The
lower standard deviation indicates that there is not
much spread of the lapse rate values around the mean
values. The lowest positive lapse rate over the period
occurred between 1 m and 2 m heights, with the mean
lapse rate of 0.0597 °C/m and a standard deviation of
0.0282. The lowest positive lapse rate values of 1 m
and 2 m range below the negative lapse rate region of
2 m and 3 m range sustains the temperature inversion
over the 2 m and 3 m range. The positive lapse rate
values in the various height ranges over the period
characterizes heavy mixing from the ground, mixing
reduces abruptly along the 1 m and 2 m range until
there is no mixing within the 2 m and 3 m height
range. Height range 3 mto 4 m above the 2 mand 3 m
temperature inversion range is characterized with
moderate mixing.

1.0

(a) (b)

Mean lapse rate (°C/m)
o o o o o
o N B O ®

o
N

Mean lapse rate (°C/m)
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2 3 4
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Mean lapse rate (°C/m)
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Figure 7: Shows the mean of the lapse rates for the periods
(a) 11:54 pm and 8:45 am, (b) 8:45 am and 12:25 pm, (c)
12:25 pm and 6:45 pm, and (d) 6:45 pm and 11:54 pm.

The mean of the lapse rate for different height ranges
but the same period is analyzed as shown in Figure 7.
It is observed that the height ranges0to 1 m, 1 mto 2
m, and 3 m to 4 m have positive mean lapse rates
except 2 m to 3 m height range that has negative lapse
rate. The daily mean lapse rate for the 0 m to 1 m
height range is 2.7770 °C/m and it is the highest
compared to the other height ranges. There is an
overall average of 4.5332 °C/m at the periods when the
sun is active [(b) and (c)], and an overall mean of
1.0208 °C/m when sun is not active [(a) and (d)]. This
indicates that there are high differential heating of the
ground and the atmosphere when the sun is active.
Furthermore, there is poor conduction of heat through
the atmosphere. The observation further confirms that
the atmosphere is heated mainly from the surface of
the earth when the sun is active. The lower mean lapse
rates during the period when the sun is not active is an

indication that there is much lower heat available to be
transferred, and there is fairly spread of heat within the
range. The mean lapse for the 1 m to 2 m height range
is much pronounced during the day when there is
much radiation from the sun. The overall mean lapse
rate when the sun is active is 1.2647 °C/m as compared
to the overall mean lapse rate of 0.0353 °C/m when the
sun is not active.

The 3 m to 4 m height range shows low positive mean
lapse rates throughout the day. The overall mean lapse
rate is 0.3399 °C/m. This can be interpreted as fairly
spread of heat, and relatively very low mixing within
the range. The lower lapse rates in the 1 m to 2 m
range, and the 3 m to 4 m range indicates that there is
heat transfer of heat within the same medium that is a
poor conductor. Here there is a kind of pseudo
equilibrium created and there is not appreciate change
in temperature between any two given layers. The 2 m
to 3 m height range shows negative mean lapse rates
throughout the day with an overall mean lapse rate of -
0.1306 °C/m. This is temperature inversion, a
condition where temperature increases with increasing
height. The observed temperature inversion within the
2 m to 3 m height range could have negative
consequence on air quality, rainfall, and heat island
especially when it occurs over large area, and it
prevails over long period- months. The condition acts
like a ceiling to prevent vertical movement of air
parcel above it. Air pollutants, moist air from surface
evaporation, and heat transferred from the earth’s
surface are all trapped below the height range of the
inversion layer. In terms of air quality, there is
accumulation of air pollution thus leading to poor air
quality. In terms of rainfall, contribution of moist air
from the earth’s surface for the development of rain is
prevented by the inversion layer. In this case if the
moist air from transpiration of trees with heights above
the inversion layer is not sufficient for local rain
formation, then that location will lack regular rainfall
and may be dry. In terms of heat island, the intensities
of heat below the height of temperature inversion will
be intensified.

Discussion

The ground (0 m) to 1 m height range showed a
positive lapse rate throughout the day, with a mean of
2.7770 °C/m. This positive lapse rate indicates that the
temperature decreases with height, which is typical for
surface heating effects and could suggest significant
pollutant concentration near the ground level, where
vehicle emissions are most intense. The mean lapse
rate for the diurnal cycle (daytime) for the O mto 1 m
height range is 4.5332 °C/m. This high positive lapse
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rate during the day suggests strong heating near the
ground, which could enhance the vertical mixing of
pollutants. The mean lapse rate for the nocturnal cycle
(nighttime) for the 0 m to 1 m height range is 1.0208
°C/m. The lower lapse rate at night implies reduced
vertical mixing, potentially leading to higher pollutant
concentrations near the ground as emissions
accumulate. For the height rangesof Omtol m, 1 m
to 2 m, and 3 m to 4 m, typically positive lapse rate
values were observed. However, the 2 m to 3 m height
range had mainly negative lapse rate values, indicating
a temperature inversion. This inversion can trap
pollutants near the surface, exacerbating air quality
issues.

The mean lapse rate before sunrise, during daytime
and after sunset are 0.2484 °C/m, 1.6297 °C/m and is
0.3172 °C/m respectively. These mean lapse rates
indicate that the wvertical temperature gradient is
strongest during the daytime, promoting the dispersion
of pollutants, while weaker gradients before sunrise
and after sunset suggest limited dispersion and
potential accumulation of pollutants near the ground.
The temperature decreases as the pollutant (air mass)
rises; this is a result of turbulence. Also, convective
activities related to solar radiation cause heavier air
masses to sink and lighter air masses closer to the
surface to rise. This leads to the cooling of the air
masses as they rise in the atmosphere. This study
shows that at an observed height (2-3 m), there is a
temperature inversion, which means that the
temperature increases with height, contrary to what
convective activities typically cause. Therefore, the
observed result cannot be attributed to solar radiation
but rather to pollution from automobile emissions. The
influx from the surface of earth as a result of radiative
heating of the sun leads to covective activities that is
associated with the rise of gases including greenhouse
gases into the atmosphere. Generally, this process is
characterized by cooling as the air mass rises into the
atmosphere.

The findings suggest that pollutant concentrations
are likely to be higher near the ground level,
especially during nighttime and early morning when
temperature inversions are common. This has
significant implications for air quality management
and public health, particularly in urban areas with
heavy traffic. Strategies to mitigate air pollution
should consider these temporal and vertical
variations in temperature and pollutant dispersion.

Conclusion

In this work, temperature profile from the surface of
the earth to a 4 m height into the atmosphere obtained
from automated measurement using Arduino sensor
system was used. The work reveals that the lapse rates

for the 0 m to 1 m height range were all positive with
an overall average lapse rate of 2.7770 °C/m, diurnal
average lapse rate of 4.5332 °C/m and nocturnal
average lapse rate of 1.0208 °C/m. The mean lapse rate
for the diurnal and nocturnal cycles for the 1 mto 2 m
height range are 1.2647 °C/m and 0.0353 °C/m
respectively. The mean lapse rate for the diurnal and
nocturnal cycles for the 3 m to 4 m height range are
0.5431 °C/m and 0.1368 °C/m respectively. The
positive lapse rates indicate that the atmosphere is not
stable in these regions, and it is characterized by
mixing. The mean lapse rate for the diurnal and
nocturnal cycles for the 2 m to 3 m height range are -
0.1996 °C/m and -0.0616 °C/m respectively. The
negative lapse rates indicate that the atmosphere is
stable in this region, and there is no mixing. Thus, the
temperature inversion at the 2 m to 3 m height range is
prevalent throughout the period and has high potential
to affect air quality in the regions below the 2 m
height. The study period from January 31, 2020, to
March 27, 2020, provides a snapshot of temperature
conditions during that time but may not capture long-
term seasonal variations. Further research is needed to
study the long-term trends and impacts of climate
change on urban temperature patterns in Accra as well
as combine ground-based measurements with satellite
data to enhance spatial coverage and accuracy of
temperature monitoring.
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