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Abstract

The analysis of the trend in the Relative humidity and Dew point tempera-
ture, together with the assessment of the statistical significance between the
two parameters received great attention due to its importance to global warm-
ing and climate change. The role that the Atmospheric water vapor plays as a
greenhouse gas makes it one of the most significant determinants in the dis-
cussions of weather and climate. In the current study, the relationship be-
tween relative humidity and Dew point temperature at a location in the north-
ern part of Nigeria (Abuja) for a whole year was analyzed. The results showed
a very strong linear relationship in the two parameters especially in the dry
season. The results also revealed a unique characteristic in the Dew point
Temperature values of June, July and August that appeared at this station.
The role the movement of the Inter-Tropical Convergence Zone ITCZ played
in the results was also discussed.
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1. Introduction

It is a known fact that almost all area of human endeavours is affected by the
weather. The knowledge of the prevailing conditions of the atmosphere of a

place helps in the study of the weather of the place. One of the most important
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determinants of the state of the Weather and Climate of the Earth is the Atmos-
pheric water vapour. The corresponding large amount of energy needed as water
changes from one (gaseous or liquid or solid) phase to another, together with its
role as a greenhouse gas, makes Atmospheric water vapour very important in
Earth’s weather and climate [1]. The water vapour in the atmosphere is expected
to increase due to global warming, thereby leading to significantly high anthro-
pogenic sources in Climate change [2]. Hence, monitoring of the changes in the
atmospheric water vapour content as a means of validating the large water va-
pour feedback of the various climatic models and as a result of global warming
becomes imperative [3]. Relative humidity (RH) can be described as the amount
of water vapour in an air sample [1], which directly affects the visibility of the
atmosphere. It also plays a prominent role in the formation of fog, clouds and
smog [4]. Atmospheric humidity is known to be a very important element in
determining the geographical distribution of precipitation and its peak intensity.
Its effect is also seen in the area of biosphere and surface hydrology. Relative
humidity is known to be a function of temperature and absolute concentration
of water vapour.

Great importance has been given to dew point due to the fact that it is seen as
the measure of the state of the atmosphere in as much that it tells how much
water vapour is present in it. The dew point temperature of the water vapour is
the temperature at which the water vapour in the air begins to evaporate or
condense simultaneously at the same rate. Dew point temperature is the temper-
ature at which the water vapour presented in the air condenses into water drop-
lets or dew at constant air pressure. This occurs according to [5] when the tem-
perature at actual vapour pressure and the saturation vapour pressure is equal.
Dew point is widely regarded as a highly recommended tool for forecasting rain
and the probability of thunderstorms [5]. Though dew point and relative hu-
midity are tools used in prognostications of weather and also to express the
amount of moisture in the air, they are actually different. While Dew point
shows the moisture level in the air, Relative humidity reveals the percentage of
the degree of saturation of the air. This leads to the conclusion that: the higher
the dew point, the more moisture in the air and vice versa. The closer the dew
point is to the actual air temperature, the more humid the air becomes.

Any alteration or changes in one of weather vagaries could invariably lead to
changes in others. [6] shows that the dew point temperature and relative humid-
ity are accepted and used as indicators of the amount of moisture in the air. [7]
[8] also revealed that the relative humidity is a highly sensitive parameter that
has become a measure of the thermal discomfort levels of humans and showed
noticeable impacts on the performance of metals, electrical devices and etc. [9]
however showed that the relative humidity is influenced by the combination of
various meteorological parameters such as solar radiation, dew point tempera-
ture and ambient temperature. [10] showed that having a relative humidity value

of more than 80% invariably leads to uneasiness on the skin due to the unique
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characteristics of the surface of the skin and having a relative humidity of 100%
creates muggy conditions. [11] showed that relative humidity is used in fore-
casting the rain and the probability of thunderstorms. [11] also revealed that
having a Dew point greater than 60°C at lower atmosphere is a clear indication

of intense thunderstorms.

2. Methodology

Weather vagaries such as the UV index, temperature, dew point, humidity, wind
speed, precipitation rate etc. were measured with an automatic meteorological
weather station, Davis Vantage Pro 2 Wireless. The Davis Vantage Pro 2 records
atmospheric parameters in one package called the integrated sensor suite (ISS).
The station was installed at Wuse 2, Abuja (9.08°N, 7.48°E), Nigeria, at an eleva-
tion of approximately 493 m above sea level. The data was saved on the data
logger affixed to the Davis vantage Pro2 console; the data logger also provides an
interface for direct access to the weather station recorded data. The 6510 data
logger USB variant was used alongside the WeatherLink software to store the
data on a local computer and also to upload the data to the WeatherLink cloud.
The sampling was done at 5 mins and it was averaged to one hour for the sake of
this study.

3. Results and Discussions

The rainfall pattern for each month of the year 2020 can be seen in Figure 1. It
can be seen that the rain started in the month of March (smallest in terms of vo-
lume and just two days) till October (12 days) with September having the highest
number of days of rainfall and in terms of volume of rainfall too. This is in
agreement with [12], which stated that precipitations increase (rainfall peak)
when the ITCZ is in the northern-most position.

Figure 2 shows the daily mean in the dew point temperature and the relative
humidity (RH) for each month of the year 2020. In January, both parameters
showed an extremely similar trend throughout the whole days of the month. The
Peak of both parameters occurred on the same day (day 12) and the least was
seen on day 25 and day 30. The Peak of the relative humidity was at 51%, while
the Peak of the Dew point temperature (D) was at 18°C. The month of February
showed the same trend in the two parameters. Both Peak and least occurred on
the same day (day 18 and 11 respectively). There was a reduction in the values of
both parameters, leading to reduced peaks (RH = 33% and D = 13°C).

The month of March (only 17 days data were available) still showed the same
trend in both parameters as seen in January, in that, the peak and the depres-
sions occurring the same day. One major difference in this month is that the
difference in the values of the two parameters is much larger than the two pre-
vious months, as seen in the graph. The Peak of the Relative humidity increased
by 212% when compared to the previous month. While that of the Dew point

temperature increased by 176.9% when compared with the previous month.
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Figure 1. Rainfall pattern for the year 2020.
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Figure 2. Variation of the relative humidity and dew point temperature each month of the year 2020.
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The month of April had both parameters showing more of a similar trend
(when one is high, the other is high too and vice versa) than an opposite trend.
The “difference” between the two parameters also increased further from the
previous month (March). The month of May showed the two parameters to be
clearly opposite to each other from the beginning of the month to the end when
studied based on the variations in the two (when one is high the other is low and
vice versa). This definitely was not the scenario in the first three months. The
difference between the two parameters is now far further away from each other
when compared with the previous month. The month of June had opposite vari-
ations in the two parameters in almost all the days of the month except from day
10 till day 13. The values of the relative humidity also experienced a strong in-
crease, which led to the difference between the two parameters being wider.
Based on the available data, it was clear that the month of July had the two pa-
rameters clearly showing opposite variations to each other throughout the whole
month when studied based on their variations. Another point to be noted is that
the values of the relative humidity increased far more (from March) than the
dew point temperature. This led to a further larger difference between the two
parameters. The month of August showed that Dew point temperature was al-
most flat (same) for many days in the month. While the relative humidity in-
creased from last month. The “flatness” on some days started in July but were
more pronounced and occurred more in August. On the other hand, the month
of September showed more values higher than 90% in relative humidity than any
other month in the year. The dew point temperature also showed very little
“flatness” but far less than the month of July. Invariably, the difference in the
two parameters was highest in this month. The month of October experienced
both opposite and similar trends in the two parameters. There was a more simi-
lar trend than the opposite. There was also a little “flatness” in this month. The
difference in the two parameters was reduced for the first time in several months.
The month of November had a full returned to the same trend in the two para-
meters. Both exhibited the same variations (same highs, same lows) throughout
the days of the whole month. The difference in the two parameters reduced
drastically. The reduction was far bigger than that of September to October. The
peak of the relative humidity in November reduced by 160% from the month of
October. While that of the dew point temperature reduced by 127.7%. The month
of December had the same trend as November as both had the same high and
low variations.

According to [12] [13], the months of the dry season in the Northern part of
Nigeria where the station is between October and April. That of the wet or rainy
season is between May and September. The values of both parameters are higher
during the rainy season than during the dry season. This is to be expected ac-
cording to [6] [14], which states that the dew point reveals how much moisture
is in the air, whereas, the relative humidity is known as a percentage that indi-
cates how saturated the air is. In other words, the higher the dew point, the more

moisture that is present in the air and vice versa. The months of June till Octo-
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ber had lots of days that the values of the relative humidity were 80% and above.
There might likely be lots of uneasiness of the skin as a result of this according to
[10]. The two parameters (Relative humidity and dew point temperature) showed
a similar trend every day during the months of January, February, March, No-
vember and December and almost full same trend (both same and opposite but
more of same) in October and April. The months with almost full same trend
were months that had rain even though they are naturally classified as dry sea-
son in the northern part of the country. The months in the wet season showed
both (same and opposite) trends but whether it is more of the same or opposite
trend depends on the volume of the rain that month. When there are more days
of rainfalls in any month then there will be more of the opposite trend and vice
versa. On the other hand, the month the rain started (March) was the month
that the difference in the values of the two parameters became large, and became
even larger in some other months as the volume of the rainfall increases. This is
in agreement with [13] [15] [16] which stated that the Inter-Tropical Conver-
gence Zone ITCZ is at the southernmost position in Nigeria (location of station)
around January and February during which the influence of the north-east
winds prevails during the season (dry). The rainy season starts in March and the
ITCZ gets to the northernmost position in July. The north-south migration of
the ITCZ location over Nigeria leads to seasonal patterns. The coming of the
rainfall brought about stronger effects on the relative humidity more than the
Dew point temperature as revealed by the very high values of the relative hu-
midity during the wet season. This is in agreement with [5] which states that the
dew point temperature indicates just how much moisture that is present in the
air, whereas the relative humidity is a percentage that indicates just how satu-
rated the air is. This simply means, the higher the dew point, the more moisture
that is in the air and vice versa. [17] shows that the relative humidity is a func-
tion of the Air temperature and the absolute water vapour concentration. There-
fore, a change seen in the relative humidity may be accounted for by a corres-
ponding change seen in the dew point temperature.

Another important piece of information showed by this work is that the rate
at which absorption of moisture took place at the location was stronger from
February to March (Peak of the Dry season) than from October to November
(beginning of another dry season). This result was due to the percentage increase
in both parameters from February to March and from October to November. On
the other hand, the months of July and August, September and October 2020
showed a characteristic that was unique to these four months alone. The dew
point temperature had a flat (same) value for some days in those months: with
October being the least, then September, then July, with August having most.
This might be as a result of the position of the ITCZ and the Sun according to
[12] [13] [15] [16]. Having the ITCZ in the northernmost position in July creates
two phenomena: The precipitation (rainfall) reduces in the south of Nigeria, but
increases in the North. Thereby, leading to a term called August break in the
south but rainfall peak in the North. However, [12] revealed that the tempera-
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ture measurements in Nigeria rise as the Sun crosses the Equator and moves
northward in the month of March making the air temperature in March and
April to be very high. This however reduces as the Sun moves back southward
leading to another high set of temperatures in October and November. The
combination of the position of the Sun and that of the ITCZ at the same time
might be the reason. This is because according to [17], Relative humidity is a
function of the temperature and absolute Water vapour concentration (dew point
temperature). The paper by [9] also showed that the relative humidity is influ-
enced by the combination of various meteorological parameters such as solar
radiation, dew point temperature and ambient temperature. The rainy season
months in this work had a relative humidity of 70% and above which is in agree-
ment with a postulate by [11], which says that it is likely to rain at any location
when the relative humidity is 70% and above.

Figure 3 shows the mean of the Dew point Temperature and the relative hu-
midity at the station. The lowest mean of both parameters occurred in the same
month of February. This means both parameters had the same “trigger” and
both responded in the same way. However, the maximum value for Dew point
temperature occurred in May but that of the relative humidity occurred in Sep-
tember. The graph of the Mean of the Dew point temperature showed a steady
increase from February up to May and then decreased slightly up to August, af-
ter an increase in September, it decreased till December. That means, even though
the volume of rainfall increased, the Dew point temperature increased first till
May, then, kept reducing slightly till August before eventually decreased. On the
other hand, the mean of the relative humidity showed consistent increasing val-
ues from March up till September before it now decreased till the end. That
means the more rainfall, the stronger the relative humidity, whereas the same

cannot be said of dew point temperature.
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Figure 3. The mean of the dew point temperature and the relative humidity at the station.
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Figure 4 shows the standard deviation of the two parameters across the
months of the year. It was clear that there was a strong enhancement from Feb-
ruary to March in the standard deviation of Dew point temperature. The Dew
point temperature also has a slight enhancement from May to June and from
July to August. The standard deviation of the Relative humidity had a very
strong enhancement from February to March, a slight enhancement from May
to June, a very strong enhancement from July to August and an enhancement
from September to October. All these clearly show the impact of the rainy season
was stronger on relative humidity than on Dew point temperature.

Figure 5 shows the relationship between relative humidity and Dew point
temperature.

Figure 3 and Figure 5 show that the relationship can be said to be a linear re-
lationship with a significant coefficient of determination (R*) of 0.9183. The re-
sult is in agreement with works done by [5] [6] [14].
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4. Conclusion

This paper analyzed the relationship that exists in the Relative humidity and
Dew point temperature at a location in Abuja using a whole year (2020) data.
The location of the station throws up some very interesting facts in course of our
analysis. Some of the important role that the Inter-Tropical Convergence Zone
(ITCZ) and the movement of the Sun play in the state of the atmosphere of the
place was also shown. The fact that the values of the Dew point Temperature
were never gotten to 30°C throughout the whole year, made it possible to say
that the location was not a place at all for intense thunderstorms according to
[11].
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