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ARTICLE INFO: ABSTRACT

Keywords: Over a thirty-eight-year period (1979-2016), the study looked at the
Meteorological relationships between monthly fluctuations in Surface Water Vapour Density
Parameters, (SWVD) and meteorological factors such temperature, relative humidity,
Ikeja, surface pressure, cloud cover, and hours of sunshine in Ikeja on a monthly
Statistical Indices, average. With two average months included in each season, the study
SWVD examined the daily differences in the two different seasons' surface water

vapour densities in 2014. The results showed that during the course of the
investigation, there were daily fluctuations in the density of surface water
vapor. The highest and lowest SWVD values were found to be 20.9244 gm?
and 16.0135 gm™, respectively, in the months of June and January. The
statistical indices of mean bias error (MBE), root mean square error (RMSE),
mean percentage error (MPE), Nash-Sutcliffe equation (NSE), coefficient of
determination (R?), and index of agreement (IA) were used to compare the
created SWVD-based models. To ascertain which of the three straightforward
models of correlation using two variables was more appropriate for estimating
surface water vapour density (SWVD) for the location being studied, the model
that relates pressure and precipitable water vapour was adjudicated to be the
most appropriate. The results obtained in this study will help
hydrometeorologists to know the amount of SWVP in the studied location.
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INTRODUCTION

Water vapor exhibits numerous intriguing
properties that captivate scientists worldwide.
According to Maghrabi and Dajani (2013), it is
the most prevalent and variable of the main
atmospheric  gases. Various methods are
employed to measure atmospheric water vapor,
ranging from remote sensing techniques, such as
space-based water vapor radiometers, to in situ
measurements using radiosondes. Several studies
have focused on comparing radiosonde and
satellite observations (Randel et al., 1996; Lim et
al., 2002; Rind, 1998; Spencer and Braswell,
1997; Roca et al., 2002; Adeyemi, 2009). Water
vapor plays a crucial role in the hydrological
cycle, mediating interactions between the
atmosphere and the Earth's surface (Akpootu,
2019a). According to Akpootu et al. (2019b) and
Kiehl and Trenberth (1997), water vapor is the
most  significant greenhouse gas in the
atmosphere, as it absorbs the majority of solar
radiation. The earth's atmospheric water vapor
varies significantly over time and space,
depending largely on air  temperature.
Understanding its distribution is crucial for
comprehending weather patterns and the earth's
climate. Water vaporis the most significant
greenhouse gas, contributing to approximately
two-thirds of the natural greenhouse effect.
According to climate models, a 12%-25%
increase in atmospheric water vapor has a global
mean radiative effect equivalent to doubling the
concentration of carbon dioxide (Adeyemi, 2009;
Harries, 1997). Water vapor helps maintain the
earth's surface temperature above freezing, and
without this natural greenhouse effect, the surface
temperature would be 32 K lower than its current
state (Adeyemi, 2009; Roca et al., 2002).

Water vapor is one of the most dynamic elements
in the atmosphere (Israel et al., 2015). Although
upper tropospheric water vapor constitutes a
small fraction of the total vapor mass, it has a
disproportionately large effect on outgoing long
wave radiation (Hartmann and Udelhofen, 1995).
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Water vapor density is most pronounced and
variable within the lowest 2 km of the
troposphere, especially in high-altitude tropical
regions (Willoughby et al., 2008; Israel et al.,
2015).

Understanding the mechanisms that govern the
climate system's stability and unpredictability is a
complex scientific challenge, compounded by the
unpredictable nature of human activities that
cause external forcing, such as greenhouse gas
emissions and land use changes (IPCC, 2001).
Therefore, it is crucial to improve our
understanding of water vapor's distribution,
interactions with clouds, radiative properties,
atmospheric ~ composition, solar  radiation
processes, and the impact of volcanic eruptions
(Ogolo & Adeyemi, 2014).

Traditionally, precipitable water vapor has been
measured using radiosondes to create vertical
profiles. However, this method is expensive,
limiting its routine use. More advanced and costly
techniques include sunphotometers, water vapor
radiometers (WVRs), satellite retrieval methods,
and GPS receiver methods. These methods have
been favorably compared with radiosonde
observations (England et al., 1992; Coster et al.,
1996; Linfield et al., 1997; Boccolari et al., 2002;
Bai and Feng, 2003; Jade et al., 2005; Park et al.,
2012).

Ikeja was chosen in this study because it is found
in the coastal region of Nigeria where rainfall is
dominant almost throughout the year; hence, the
need to ascertain the amount and the peak value
of SWVD during the rainy season. More so, to
develop models capable of estimating this
important meteorological parameter using readily
available climatic data. Investigation of this kind
has not been carried out as at the time of this
study.

The daily and monthly variations in surface water
vapour density were examined in this study for
Ikeja, which is located in South Western, Nigeria,
in addition to the monthly variance using surface
pressure, mean temperature, relative humidity,
cloud cover, and sunshine hours as
meteorological ~ factors. The study also
constructed a novel model to estimate the vapour
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density of surface water, and descriptive
statistical analysis was done to determine the
models' validity.

MATERIALS AND METHODS

Study Area

Situated 10.5 miles (17 km) northwest of Lagos
metropolis is lIkeja, the capital town of Lagos
state. Originally inhabited by the Yoruba people,
the region was plundered until the middle of the
19™ century in search of slaves. It developed into
an agricultural hinterland for Lagos around the
beginning of the 20™ century, which is when
Nigerian kola nuts were first planted. lkeja
developed into a residential and commercial
suburb of Lagos following the construction of the
Lagos-lbadan railway in 1901 and the expansion
of Lagos as a port. Ikeja was officially named in
1976, but it was first developed as an industrial
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park in the middle of the 1960s, divisions of
Ikeja.

Ikeja, the capital city of Lagos State, is located in
the southwest of Nigeria on the narrow plain of
the Gulf of Benin. Stretching over 180 kilometres
along the Guinea Coast of the Bight of Benin on
the Atlantic Ocean, Lagos State is roughly
located between latitudes 600 22'N and 60° 42'E
and 32° 2'E, respectively. Ogun State, Nigeria,
borders it to the east and north, while the
Republic of Benin borders it to the west. Its
territorial and political jurisdiction encompasses
not just the four administrative districts of
Ikorodu, Epe, and Badagry, commonly referred to
as IBILE, but also the metropolis of Lagos. When
combined, these divisions encompass 3,577
square kilometres, or 358,862 hectares, or 0.4%
of the 923,773 sq. km. total land area of Nigeria.
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Figure 1: Google map of lkeja

METHODOLOGY

Radiosondes, ground-based microwave
radiometers, Laser Imaging Detection and
Ranging (LIDAR) systems, Light Amplification
by Stimulated Emission of Radiation (LASER)
systems, and Global Positioning System (GPS)
satellites are often the main methods for
measuring SWVD. However, because of the
expense and complexity of operation, each
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approach has its own disadvantages. This study
develops three basic linear regression models for
calculating SWVD and uses easily accessible
meteorological —parameters—temperature  and
relative humidity—for lkeja, which is located
across Nigeria's coastal climatic zone.

The monthly and daily meteorological data at a
height of two metres were provided by the
European Centre for Medium-Range Weather
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Forecasts (ECMWF) for lkeja, Nigeria. The
average maximum and minimum temperatures,
relative humidity, surface pressure, cloud cover,
and sunshine hours were all included in the data.

According to Ojo and Adeyemi (2014), Akpootu
and Gana, (2014), Akpootu and lIliyasu, (2015a)
Akpootu and Abdullahi (2022), the World
Meteorological Organization (1967) said that
thirty years or more of data series are required for

SWVD = 216.7( )

e
T
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optimal climate modeling. The study period in
this regard spans 38 years, from 1979 to 2016.
The relationship between mean temperature (T),
vapour pressure (e), and surface water vapour
density (SWVD) is given by the following
formula according to Akpootu et al (2019c),
Akpootu et al (2019d), Adeyemi and Ogolo
(2014), and Akpootu et al (2023a) Akpootu and
Sanusi, (2015b), Akpootu et al. (2019¢):

)

They also obtained vapour pressure (e) using theexpression as;

e = RH (fTo)

where RH and e, stand for saturated vapour
pressure and relative humidity, respectively. The
Claussius Clapeyron equation was used to
calculate the saturation vapour pressure Akpootu

log,pes = 9.4051 (2353)

T

)
et al (2019c), Akpootu et al (2019d), Adeyemi
and Ogolo (2014) Akpootu et al (2023b),
Akpootu et al., (2022), Akpootu et al. (2019f)
defined as:

©)

The mean temperature T, was also obtainedusing Akpootu et al (2019¢)

T = Tmax;Tmin
Tnax and Ty, are the maximum and minimum

temperatures. The SWVD is in gm®; e and e, in
millibars (mb). T and RH are in Kelvin (K) and
percentage (%) respectively.

P, = exp (2623 — 2°)

(4)
Akpootu et al., (2019f) reported that the ambient
Temperature T and Partial Pressure P are related
by a correlation model which is expressed by the
semi empirical equation;

(5)

The precipitable water in terms of relative humidity is presented with the following formula, according to

Leckner, (1978)

W = (0.495;417?5)
where T and ps are the ambient temperature and

the partial pressure of water vapor in saturated
air, respectively, and ¢, is the relative humidity

100—RH
Tgew =T — s

(6)
expressed in fractions of one. Next, Lawrence
(2005) was used to determine the dew point
temperature T ge.

(7)

where T and RH are the mean temperature (Kelvin) and relative humidity (%).

Wallace and Hobbs, (2006), used

T
T.: - -
virtual 1—%(6—6)

(8)

To obtain the virtual temperature(Ty;-tua1), Where e is the vapour pressure and € is a constant given as

0.622

The potential temperature Tpotential was estimated using Wallace and Hobbs (2006).

R
P_O)Cp

Tpotential = Tmean(p

(9)
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expression (9) is the Poisson’s equation. p, represents the standard pressure usually taken as 1000hPa and

R —0.286
Cp

The Development of Two Variable Correlation Models
The following is the format of the predicted two-variable correlation models:

SWVD = a + bP + cCC (10)
SWVD = a + bP + cSSH (11)
SWVD = a + bP + cPWV (12)

The variables P, CC, SSH, and PWV represent coefficient of determination (RZ), Nash-Sutchliffe
surface pressure, cloud cover, sunshine hours, equation (NSE), Mean Bias Error (MBE), Index
and precipitable water vapour, respectively. The of Agreement (IA), Root Mean Square Error
empirical constants a, b, and ¢ are also included. (RMSE), and Mean Percentage Error (MPE).
These meteorological parameters are selected on According to Adeyemi and Ogolo (2014) and
the basis that they have influence on the SWVD Akpootu et al., (2023b), the MBE, RMSE, NSE,
Validation of the Models IA, and MPE have the following expressions.

To validate the models, statistical tests are
performed on each of the following: The

1
MBE = ;Z?zl(SWVDi,cal - SWVDi,mea) (13)
1 2
RMSE = [+ 31 (SWVD;cq, = SWVDimea) | (14)
IS SWVD;peq—SWVD;
MPE = <n2‘-1 inca l) .100% (15)
SWVDimea
Z?(SWVDimeas_SWVDical)z
NSE = 158 ———& : (16)
X3 SWVD, ea SHVD; moq
IA — 1 _ Zi:l(SWVDl,Cal SWVDl,mea) (17)
?=1 ISWVDicai—SWVDjimea |+ |SWVDi'mea—SWVDi_mea |
From equation (13) to (17) SWVDi,cal, indicate underestimating. It is preferable for MPE
SWVDi,mea and n are the i" calculated, i" to be low. According to Merges et al. (2006), a
measured values of daily SWVD and total percentage error of between -10% and +10% is
number of observations respectively, also deemed acceptable. It is preferred to have high
SWVD; meq 1S the mean SWVD. R2, NSE, and IA values. R* and MPE are
According to Chen et al. (2004), a low RMSE is expressed in percentage (%), whereas MBE and
; -3
preferred and a zero value for MBE is optimal. RMSE are expressed in gm™.
The model performs better when the MBE and RESULTS AND DISCUSSION
RMSE values are less. Positive MBE and MPE Variation of Meteorological Parameters with
values indicate an average level of overestimation SWVD for Ikeja

in the computed values, whereas negative values
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Figure 2: SWVD Variation for lkeja Using Meteorological Parameters

The monthly fluctuation of SWVD for lkeja is
displayed in Figure 2. The results show that the
wet season has greater SWVD than the dry
season. The SWVD values for the months of
January and June were determined to be 16.0135
gm™ and 20.9244 gm™, respectively. In addition,
SWVD decreases in July and August before
rising in September after reaching a peak in June.
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The findings of Akpootu et al.,, (2019c) for
Owerri, Nigeria, are consistent with this
conclusion where they observed that the
maximum average value of SWVD of 21.002gm
occurred in the month of June during the rainy
season and minimum value of 14.653gm™ in the
month of January during the dry season.
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Figure 3. diurnal variation of SWVD during the dry season for Ikeja
Figure 3 specifically shows the diurnal fluctuation in SWVD for the lkeja dry season. The findings revealed

variations in the SWVD quantity, with December 26, 2014 and December 3, 2014 having the greatest and
lowest values, respectively, at 26.16574 gm™ and 9.417691 gm™.

27

—m— Apr —@— May Jun —w— Jul
26 Aug —<€— Sep Oct

25

24

23

22

21

20

19

18

SWVD (gm®) in rainy season for Ikeja

17

6 --—TT——"T———T T T T T T

Days of the months in 2014 for Ikeja
Figure 4: Diurnal Variation of SWVD in the Rainy Season for Ikeja Nigeria
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Figure 4 portrays the diurnal SWVD variations
pecifically for the rainy season in lkeja. The
result shows that the maximum the minimum

ISSN: 2811-2881

values of SWVD occurred on the 4" June, 2014
and 28" September, 2014 with 25.9170 gm™ and
16.6775 gm’ respectively.
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Figure 5: Variation of SWVD with Mean Temperature for Ikeja

Figure 5 showed the average temperature as well
as the monthly seasonal variation in SWVD for
Ikeja. The SWVD increased progressively from
its lowest point of 15.1798 gm™ in January to its
greatest value of 21.4753 gm™ in June. After that,
it fell in August, dropped once more, increased in
September, and then dropped until December.
The mean temperature rose in tandem with the
SWVD starting in January. At 300.9395 K, it
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peaked in March and then gradually decreased
until August, when it started to increase once
more until December. The short dry spell known
as August Break, which coincided with the lowest
temperature in the region, may have contributed
to the fall in SWVD that was reported in August.
SWVD values were found to be high and low,
respectively, during the rainy and dry seasons
while mean temperature indicated the opposite.
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Figure 6: Variation of Surface Water Vapour Density with Relative Humidity for lkeja
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Figure 6 shows the monthly variation of SWVD
with RH in lkeja.The result showed that the
relative humidity had increased from 60.0071 %,
which was its lowest point in January, to its
maximum value of 85.3579 %. It then dropped to

ISSN: 2811-2881

August, increased to September, and then
dropped to December. Since the variation with
SWVD is in phase, there were strong similarities
between their characteristics.
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Figure 7: Variation of SWVD with Surface Pressure for Ikeja

Figure 7 illustrates the relationship between
SWVD and surface pressure fluctuation. The data
indicates that the surface pressure magnitude
drops in January, climbs in April, reaches its

22 . T

highest value of 1008.168 mbars in July, and then
continues to decline until December. In March,
the lowest reading of 1004.0784 mbars was
recorded.
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Figure 8: Variation of SWVD with Cloud Cover for Ikeja

The seasonal variation of SWVD for lkeja with
cloud cover is displayed in Figure 8. Which
shows that between January and April, there was
a rise in cloud cover and SWVD; in May, there
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was a minor decline; in July there was an
increase; up to September, the cloud cover
reached its highest level of 0.8838. It also
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declined to 0.3879, in October and December respectively.
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Figure 9: Monthly variation of SWVD WITH Sunshine Hours for lkeja

Figure 9 shows the seasonal fluctuation of hiatus. Sunshine hours increase, peaking at

SWVD with sunlight hours for Ikeja. The
sunlight hours decrease and increase at about
similar intervals from January through May,
reaching a minimum of 6.5206 hours in August

8.1512 hours in December after falling to their
lowest point in August. The results demonstrated
that during the dry and rainy seasons,
respectively, high and low values of sunlight

that corresponded with the SWVD's August hours were observed for SWVD.
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Figure 10: Variation of SWVD with Precipitable Water Vapour (PWV) for Ikeja.
Figure 10 shows the seasonal change of SWVD until they reached their lowest values of 20.9244

with Precipitable Water Vapour (PWV). The data gm™ and 4.6448 cm in July. In August, both the
indicates that the SWVD and PWYV increased in a SWVD and PWV suddenly decreased in value,
similar manner starting in January and continuing which is indicative of the well-known August
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break in the area. Fig. 9 shows the seasonal
change of SWVD with Precipitable Water
Vapour (PWV). The findings indicate that the
SWVD increased according to the same trend as
the PWV, increasing dramatically from January
to their highest value of 3.5546 c¢cm and 16.0135

ISSN: 2811-2881

gm~and their peak values of 21.0359 gm™ and
4.6697 cm in July, respectively. The region's
well-known August break serves as a marker of
the abrupt decline in the values of the SWVD and
PWYV in August.

Variation of Mean Temperature, Virtual Temperature, Potential Temperature and Dew Point
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Figure 11: Variation of SWVD with Temperatures (T, T4, Tyand Tp) for lkeja

The monthly variation of the potential
temperature  (Tpoteniar), ~ Virtual — temperature
(Tvirtwar), dew point temperature (Tge), and mean
temperature (Tmean) for Ikeja is displayed in
Figure 11. The findings showed that the mean
temperature and virtual temperature had the
greatest profiles on the graph; their maximum and
lowest values, 301.443 K and 301.433 K and
298.175 K and 298.165 K, respectively, were
recorded in the months of March and August. At
292.236 K, the dew point temperature had the
lowest recorded figure in January. The
temperature of the dew point rises from its lowest
point in January to July, then falls in August,
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reaches its highest value of 294.836 K in
September, and then falls in December.
According to the study's findings, the mean,
virtual, and potential temperatures all show high
values during the rainy season and low values
during the dry season, while the dew point
temperature records high values during the rainy
season and low values during the dry season. This
implies that the mean, virtual, and potential
temperatures reflect different values than the dew
point temperature. This result is in line with the
work reported by Akpootu et al.(2023b) and
Iliyasu et al. (2023)
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Two Variable Correlation Models for Ikeja

The two variable correlation models established for Ikeja are based on equations 10, 11 and 12 as follows:

SWVD = 268 — 0.254P + 4.50PWV (18a)
SWVD = —606 + 0.619P + 0.43SSH (18b)
SWVD = 0.351 — 0.000350P + 4.51PWV (18c)
Table 1: Statistical validation test for Ikeja
Models R MBE RMSE MPE NSE 1A

18a 74.5 -0.31876  0.805668 1.484802 69.80363 90.95377

18b 20.3 0.490539  1.39792 -3.04838 9.091029 52.18109

18c 100 0.02046  0.02052 -0.10517  99.98041 99.99511

Table 1 is a validation test for the developed models which shows that equation 18c is regarded the best
equation as it has highest R? NSE and IA, it also has the lowest MBE, RMSE and MPE.

Table 2: Ranking of the Validated Equation

Models R? MBE RMSE MPE NSE 1A Ranking

18a 2 2 2 2 2 2 12

18b 3 3 3 3 3 3 18

18c 1 1 1 1 1 1 6
From the table 2 above we can see that equation the area has low SWVD values during the dry
18c has the lower ranking and therefore is the season and high values during the rainy season.
best equation that estimate Surface SWVD in Surface water vapour density reached its highest
Ikeja  and other stations with  similar point of 25.9170 gm™ on June 4, 2014, and its
meteorological conditions. lowest point on December 3, 2014, with 9.417691
CONCLUSION gm™. With the lowest RMSE and highest R2,
This study examined the monthly SWVD and its NSE, and IA, the model relates Pressure (P) with
changes with other meteorological parameters Precipitable Water Vapour (PWV) was found to
during a 38-year period, from 1979 to 2016, using be the best for SWVD estimate in Ikeja.
data from the European Centre for Medium- ACKNOWLEDGEMENTS
Range Weather Forecasts (ECMWF) for Ikeja, The authors thank the European Centre for
which is located in western Nigeria. The daily Medium-Range Weather Forecasts (ECMWEF) for
variation throughout the dry and wet seasons was providing all of the meteorological data that was
also looked at during 2014. The three simple two- used in this study.
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