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Abstract Weather prediction is a vital application in meteorology and has been one of the most scientifically
and technologically challenging problems in Nigeria and across the globe. Predicting the weather is essential to
help preparing for the best and worst of the climate. The observed trend in measured and predicted temperature
has demonstrated that temperature variations can be predicted and this is has indicated that the monthly indices
model for seasonal temperature prediction is effective and reliable model. The monthly temperature prediction
in Yola (Jimeta) for eleven (11) years (2008 — 2018) was carried out using monthly indices model. The
measured and predicted temperature values were comparable with the overall average mean. The result shows
that December is the month with highest temperature means values of 8.82 °C and 11.49 °C for measured and
predicted temperature respectively in the years. The lowest temperature values 3.37 °C and 4.38 °C in the month
of July were observed. The similar trend in the measured and predicted temperature values obtained in this work
demonstrates the effectiveness of the monthly indices model in predicting atmospheric variable. The monthly
indices model could be employed for prediction of weather and climate parameter, considering it simplicity.
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Introduction

Many features of our natural environment such as soil, natural vegetation and water resources are directly
influenced by the weather and climate conditions. The changing condition of weather and climate has also
affected human lives in many ways including agricultural activities, the design of our houses and the types of
clothing that we wear. Hence, the weather and the climate condition of any geographical area are the major
factors that determine its habitability. However, in order to have a clear picture of atmospheric condition of a
particular place, scientist employed a simple model which is the measurement of parameters such as
temperature, relative humidity, pressure, wind speed and direction and solar radiation [1]. Studies have revealed
that, the prediction of weather and climate applying various dynamic and statistical models produce the same
result as that of measurement of parameters models [1]. Most of the statistical models are centered on regression
analysis [2]. The prediction models considering the less fragrant or periodic indices of climate parameter
(elements) still remain a major challenge to researchers. Though few works have been published by concerned
individuals, more is still needed to be done in this area to compliment the little effort of the few researchers who
distinguished their selves to work on this aspect.

The seasonal temperature prediction using monthly indices model for Nigeria was carried out by Adeniyi, [3]
considering selected stations scattered all over Nigeria. He discovered that monthly indices of temperature,
though simple constitutes a very good prediction tool. For seasonal temperature as demonstrated in all stations.
Long-lead-seasonal temperature prediction using optimal climate normal was carried out by Huang et al., [4] in
United States. They discover that in practices, the climate, normally with a variable averaging period is
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somewhat problematic. Chauhan and Thakur, [5] carried out research on weather prediction using data mining
techniques (i.e. computer assisted process) the data’s were collected manually so the quantity was also small.
The prediction discovers relationship between independent variables and relationship between dependent and
independent variables. Deardorff, [6] worked on the efficient prediction of ground surface temperature and
moisture, with inclusion of a layer of vegetation using numerical weather prediction model. (Surface energy
balance equation). The result of the research was achieved successfully.

Hao et al., [7] carried out statistical correlation for model prediction on winter circulation in the extra-tropical of
Northern Hemisphere, using Anomaly correlation coefficient model (ACC). This is to evaluate and measure the
inter-annual variation of two meteorological elements.

Liweijia et al., [8] worked on improved seasonal prediction of temperature and precipitation over land in a high-
resolution (GFDL) climate model, using two different models GFDL climatic and land model. The results
obtained from this research were however, valid for usage. Mwalusepo et al., [9] carried out analysis on
predicting the impact of temperature change on the future distribution of maize stem Borers and their Natural
Enemies along East African mountain gradients, using phenology models. The research work was situated in
Tanzania (pangani river basin in north east) Eastern Africa. The research shows the relationship and differences
between the annual rainfall, temperature and climatic condition. Omotosho et al., [10-15] worked on prediction
of monthly and seasonal rainfall, onset and cessation of the rainy season in West Africa, using only surface data.
The analysis was carried out in Kano state, Nigeria, West African sahel using only synoptic data. The results of
the experiment shows the variations in equivalent potential temperature, which occur as a result of the seasonal,
monthly and daily variation of moisture in the summer monsoon flow over west Africa.

Nandozi et al., [16] carried out performance and prediction of seasonal rainfall and surface temperature of
Uganda, using Regional climate model (RCM). The results of this analysis were obtained and valid for usage.
Gemalyn et al., [17] worked on prediction of weather and climate, using climate prediction.net model and
Hadley centre coupled model version 3. The model work as an application and the results of this analysis was
obtained after completion of a complete run of the model; it needed a visualization package to view the results.
Meory and Yeon, [18] in their work, “seasonal prediction of monthly precipitation in china using large-scale
climate indices model” applied prediction to precipitation on china on monthly basis, based on a multivariate
linear regression with an adaptive choice of prediction drawn from regularly update climate indices with a two
to twelve month load time. The monthly Anomaly Correlation Coefficient (ACC) were evaluated, ranging
between 0.4 and 0.50 in central China, 0,41-0.57 in East China and 0.41-0.60 in south China. However, in this
work, the monthly indices model will be used to make some prediction of seasonal temperature in Jemeta (Yola)
and its environs using the data collected from Airport Base Yola (Adamawa state).

Weather prediction is a vital application in meteorology and has been one of the most scientifically and
technologically challenging problems in Nigeria and across the globe. Predicting the weather is essential to help
preparing for the best and worst of the climate. Also accurate weather prediction has been one of the most
challenging problems around the world. Many weather prediction like rainfall, temperature and cloud conditions
are major challenges for atmospheric research. In this research work monthly indices model would be employed
to resolve some of this problems. The study is aimed at predicting seasonal temperature using monthly indices
model.

Methodology

Study Area

Yola is situated in latitude of 09° 13” 48North and longitude 12° 27’ 36” East, located in Adamawa state, North
Eastern Nigeria. It is characterized by two seasons; the wet season (April- October) and dry season (November-
March). This occurs as a result of two major air masses that influence the weather and climate of the area. The
rain bearing south western wind that originates from the Atlantic Ocean and dry north eastern air masses
(Harmattan) from the Sahara Desert. Since daily and monthly temperature variations are the major temperature
variations in Nigeria. Yola (Jimeta), is not an exception, because the globe is affected by global warming, Yola
situation will be considered for this research work.
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Figure 1: Map of Nigeria showing the study area (Adamawa)

Sources of Data
The maximum and minimum temperature data were obtained from airport base Yola Adamawa State. The data
used spans between the periods of 2008 to 2018.

Method of Data Analysis
In this model, the mean monthly temperature values were computed from the maximum and minimum
temperature data using equation 1

Tmean = Tmax —Tmin (1)

2
Where:
T mean = Monthly temperature
T max = maximum temperature values
T min = Minimum temperature values
The annual monthly indices were computed in the following steps:

The corresponding annual averages for each year were computed following the relation below.

yearly total (2)
number of mont hs in a year

Average for each year =

The given data were divided by the corresponding annual averages for each month and the result expressed in

percentage with the following expression.
Tmean 100%

‘ ®3)

Annual averages for each month in % =

Where;
The average of each month data were found for the given number of years, thus:

annual average for each year

2
2

S
=
7

7 Journal of Scientific and Engineering Research

10



Glandu VP et al Journal of Scientific and Engineering Research, 2020, 7(4):8-19

Monthly average (monthly indices) = ——2ith fotd! @

number of years involved

The indices in percentage were then used with the mean January temperature of a year to predict the monthly
temperature using the relationship [19]

Predicated temperature value for each month in a year =

mont hly index of the mont h of the year X mean jan temperature value for the year considered (5)
100 1
Since twelve months are considered for a year, the total of indices should be 1200. This is because the indices

were expressed in percentage; multiplying 100% with the number of months in a year gives the total indices as
1200. If the total of the indices were not 1200, the value could be adjusted by multiplying through by 1200 and
dividing by the total of the indices to obtain the monthly indices.

Results and Discussion
Table 1 presents the input data for the temperature prediction, while Table 2 shows the predicted temperature
values. Fig 2 (a-k) shows the variation of the computed temperature value with the predicted temperature values
for the year 2008 to 2018. While annual variations for the both predicted and computed temperature values for
the eleven years in Yola (Jimeta) are presented in fig 3.

Table 1: Measured T-mean values

Year Jan Feb Mar April May Jun July Aug Sept Oct Nov Dec
2008 7.9 7.1 7.8 5.35 4.45 4.2 3.45 3.9 4.05 4.3 6.25 8.7
2009 9.6 8.2 5.9 54 4.75 4 35 3.35 3.65 3.75 7.1 8.95
2010 8.05 7.65 5.6 4.65 4.55 4.25 3.85 3.35 3.9 4.75 7 8.8
2011 8.05 7.1 6.1 4.95 4.95 3.7 3.65 3.45 4 6 6.6 8.65
2012 7.75 7.8 6.4 5.2 4.5 3.95 3.7 3.35 4 4.7 5.8 8.85
2013 2.65 6.45 5.6 55 4.3 3.8 3.55 3.3 3.85 45 7.4 7.85
2014 6.5 5.7 5.35 55 4.75 3.6 2.1 3.45 3.7 4.6 7.35 10
2015 8.1 7.7 6.65 51 4.25 3.75 2.05 3.15 3.85 4.4 5.3 8.55
2016 6.65 8.25 5.7 4.7 4.3 4.6 35 3.35 3.8 4.55 6.45 7.35
2017 6.75 6.2 6.35 5.35 4.85 4.9 4.3 3.95 4.05 4.1 6.3 10
2018 8.85 6.2 75 5.45 4.45 3.7 3.45 3.4 3.75 4.25 5.3 9.35

Total 80.8 78.3 68.95 57.15 50.1 4445 371 38 42.6 49.9 70.85 97.05

Avg 735 7.12272 6.26818 5.19545 4'254 4'(;40 3'?;72 3";54 3'8772 4'236 6'4(;109 8.82272

Source: Jimeta meteorological unit airport base yola (2008-2018)

Table 2: Predicted T- mean values

Year Jan Feb Mar April May  Jun July  Aug  Sept Oct Nov Dec

2008  10.28 9.97 8.77 7.27 6.37 565 472 483 542 6.35 9.01 12.34
2009 1250 1211 10.66 8.83 774 687 573 587 658 7.71 10.95 15.00
2010 10.48 10.15 8.94 741 6.49 576 481 492 552 6.47 9.18 12.58
2011  10.48 10.15 8.94 7.41 6.49 576 481 492 552 6.47 9.18 12.58
2012 10.09 9.78 8.60 7.13 6.25 555 463 474 532 6.23 8.84 12.11
2013 3.45 3.45 2.94 2.44 214 190 158 162 182 213 3.02 4.14

2014 8.46 8.20 7.22 5.98 524 465 388 398 446 522 7.41 10.16
2015 1054 10.22 8.99 7.45 6.53 580 484 496 556 6.51 9.24 12.66
2016 8.66 8.39 7.38 6.12 536 476 397 407 456 534 7.59 10.39
2017 8.79 8.51 7.49 6.21 544 483 403 413 463 542 7.70 10.55
2018 1152 11.16 9.82 8.14 714 633 529 541 607 711 10.09 13.83
Total 10525 101.98 89.75 7439 6519 57.86 4829 4945 5546 6496 9221 126.43
Avg 9.57 9.27 8.16 6.76 503 526 439 450 504 590 8.38 11.48

Source: Jimeta meteorological unit airport base yola (2008-2018)
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Figure 2a: Comparison of yola measured and predicted temperature in the year 2008
YEAR 2009

MEAN TEMP IN ¢

2fenorbormebenncho oo cb oo g MEASURED [
e —e— PREDICTED

| | | | | | | I I I |
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Figure 2b: Comparison of yola measured and predicted temperature in the year 2009
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Figure 2c: Comparison of yola measured and predicted temperature in the year 2010
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Figure 2d: Comparison of yola measured and predicted temperature in the year 2011
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Figure 2e: Comparison of yola measured and predicted temperature in the year 2012
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Figure 2f: Comparison of yola measured and predicted temperature in the year 2013
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Figure 2g: Comparison of yola measured and predicted temperature in the year 2014
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Figure 2h: Comparison of yola measured and predicted temperature in the year 2015
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Figure 2i: Comparison of yola measured and predicted temperature in the year 2016
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Figure 2j: Comparison of yola measured and predicted temperature in the year 2017
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Figure 2k: Comparison of yola measured and predicted temperature in the year 2018
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Figure 3: Comparison of yola average measured and average predicted temperature in the year 2008 - 2018
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Discussion

It was observed, that the temperature values for both the measured and predicted temperatures were higher for
the months of November, December, January, February march (dry season) than the months of April, May,
June, July, August, September and October (rainy season) The monthly totals have highest values of 97.05 °C in
December, 80.35 °C in January and 78.35 °C in February, for the measured temperature. Similarly for the
predicted, December has the highest value of 126.33 °C, 105.24 °C in January and 101.99 °C in February. The
monthly average which has 8.82 °C in December followed by 7.33 °C in January and 7.12 °C in February for
the measured temperature. The predicted average temperature values are of the same manner as December
having the largest value of 11.48 °C with 9.57 °C in January and 9.27 °C in February.

On the other hand the rainy season months have lower temperature values formation and predicted temperatures
both shown in tables 1 and 2 of the measured temperature and table 2 of the predicted temperature. The lowest
value can be seen in July for both parameters with 37.1 °C for the measured temperature and 48.29 °C for the
predicted. Similarly the average follow similar trend with July having the lowest in both Measured and predicted
temperatures the value of 3.37 °C for measured and 4.39 °C for predicted temperatures.

From Figure 1, temperature is at its pick in the month December for all both measured and predicted
temperature curves. It is observed that there a sharp rise in temperature for the month of September which repeat
in all the temperature predicted curves (a-k).

Figure 2a, July is the month with the lowest temperature; August is the month with the lowest temperature in
Fig 2b-2e for the measured and predicted temperature curves. Figure 2f the situation changed with measured
temperature curve as lowest value occur in the month of January while the predicted temperature curve still
maintain July with lowest value. Figures 42g and 2h have their ‘lowest temperature drop in the month of July
for measured and predicted temperature curve.From fig 2i — 2k they have their lowest temperature drop in the
month of August for both measured and predicted values while, their highest temperature is around November.
Figure 3 in the plot of average mean over the eleven years 2008 to 2018. This is to enable us know the overall
month with the highest temperature as well as the month with least temperature. It is clearly observed that in
both average measured and the average predicted temperature curves, December has the highest temperature
value of 8.82 °C on the average measured curve with 11.48 °C was observed on the predicted average curve. The
mean of 3.37 °C and 4.38 °C are the lowest values on both measured and predicted curves.

Conclusion

Monthly indices model for temperature prediction though simple, constitutes a very good prediction tools for
seasonal temperature as demonstrated in Yola (Jimeta).

In this paper, December has the highest temperature with the mean temperature values of 8.82 °C and 11.48 °C
respectively. The mean of 3.37 °C and 4.39 °C which are the lowest values in both the measured and predicted
curve are found in the month of July. This show that July is the month with lowest temperature in Yola for the
years under study.

The observed trend in measured and predicted temperature has demonstrated that temperature variations can be
predicted and this is has indicated that the monthly indices model for seasonal temperature prediction is
effective and reliable model. The monthly temperature prediction in Yola (Jimeta) for eleven (11) years (2008 —
2018) was carried out using monthly indices model. The measured and predicted temperature values were
comparable with the overall average mean. The result shows that December is the month with highest
temperature means values of 8.82 °C and 11.49 °C for measured and predicted temperature respectively in the
years. The lowest temperature values 3.37 °C and 4.38 °C in the month of July were observed. The similar trend
in the measured and predicted temperature values obtained in this work demonstrates the effectiveness of the
monthly indices model in predicting atmospheric variable.

Recommendations
Based on the findings from this research work the following recommendations are proffered. The monthly
indices model could be employed for prediction of weather and climate parameter, considering it simplicity.
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Since temperature is important for weather forecasting, aircraft and maritime operation, meteorologist could
adopt this model which is the simplest way of determining temperature at a particular region.
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