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Abstract

The development of agriculture in the country is circumventing the computerization of agro-meteorology which
has caused a setback in data handling, research and manipulation thereby reducing farmer’s knowledge about
weather forecast and predictions. The Development of Gumbel mathematical model for predicting
meteorological data in agriculture describes how mathematical models can be developed or computerized for a
fixed purpose of predicting meteorological variables in order to reduce time and increase user’s efficiency. This
research is a reflection of how important modelling can be used to shape and pattern in agro-meteorology and
other science and social science fields in a developing country like Nigeria. The fading beams of relationship
between model development and agro-meteorology which has been given little attention is causing a lot of
drawbacks in the agro-meteorology; in Nigeria such as limited and slow data outputs, unawareness of farmers to
the importance of having meteorological details and the repulsive attitude of the Agricultural sector towards
Computerization which is decreasing the credibility of agro-meteorology in the country. The solution therefore
which involves interest and research into fusing computerization which is the future into modelling and agro-
meteorology justifies the purpose of this work. In this research, window-based software was developed using
one of the unified modelling languages and picking the best fit models for prediction. The result which brought
about a flexible meteorological predictor that can run on virtually every computer around the world is hereby
aimed at increasing the scope of agro-meteorology and other meteorologically inclined organizations in Nigeria
and other developing countries. Due to various statistical limitations relating to the verification of the premiss in
previous works, this project focused on the prediction of only one meteorological variable. This research work
serves as a basis for which easier meteorological predictions can be done using computers which is a common,
efficient and flexible machine relatively useful in agriculture and other meteorological related fields. This
basically crooned to strengthen the relationship between computerization and agro-meteorology in order to
enhance technological growth in the agricultural sector by giving farmers and meteorologists a boundless access
to data and meteorological variable predictions.
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INTRODUCTION between theoretical mathematical models and
A mathematical model is a description of a system experimental measurements often leads to important
using mathematical concepts and language. The advances as better theories are developed.

process of developing a mathematical model is www.wikipedia.com (2015)

termed mathematical modelling. Mathematical

models are used in the natural sciences (such as Modelling is a schematic representation of the
physics, biology, earth science, meteorology) and conception of a system or an act of mimicry or a set
engineering disciplines (such as computer science, of equations, which represents the behaviour of a
artificial intelligence), as well as in the social system. Also, a model is “A representation of an
sciences (such as economics, psychology, sociology, object, system or idea in some form other than that of
political science), physicists, engineers, statisticians, the entity itself”. Its purpose is usually to aid in
operations research analysts, and economists use explaining, understanding or improving performance
mathematical models most extensively. A model may  of a system. (Carson and Cobelli, 2001)

help to explain a system and to study the effects of

different components, and to make predictions about Numerical weather prediction uses mathematical
behaviour. In many cases, the quality of a scientific models of the atmosphere and oceans to predict the
field depends on how well the mathematical models weather based on current weather conditions. Though
developed on the theoretical side agrees with results first attempted in the 1920s, it was not until the
of repeatable experiments. Lack of agreement advent of computer simulation in the 1950s that
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numerical weather predictions produced realistic
results. A number of global and regional forecast
models are run in different countries worldwide,
using current weather observations relayed from
radiosondes or weather satellites as inputs to the
models.

Mathematical models based on the same physical
principles can be used to generate either short-term
weather forecasts or longer-term climate predictions;
the latter are widely applied for understanding and
projecting climate change.

Also to review of some of the available models
applicable in meteorology; design a computer based
solution for the model; implement the design; test the
implemented package with agro-meteorological data.
The development of agriculture in the country is
circumventing the computerization of agro-
meteorology which has caused a setback in data
handling, research and manipulation hereby reducing
farmer’s knowledge about weather forecast and
predictions.

In this research review of some of the available
models applicable in meteorology was carried out; a
computer based solution for the model was design;
implement the design and test the implemented
package with agro-meteorological data.

The research work is basically crooned to strengthen
the relationship between computerization and agro-
meteorology in order to enhance technological
growth in the agricultural sector by giving farmers
and meteorologists a boundless access to data and
meteorological variable predictions.

This will serves as a basis for which easier
meteorological predictions can be done using
computers which is a common, efficient and flexible
machine relatively useful in agriculture and other
meteorological related fields.

Due to various statistical limitations relating to the
verification of the premise in previous works, this
research is focused on the prediction of only one
meteorological variable.

Weather and its Variables

Weather is defined as the state of the atmosphere at a
particular time and place. Weather is described by
variables conditions such as temperature, humidity,
windspeed, precipitation (rainfall) and barometric
pressure. (www.thefreedictionary.com).

Relationship between Modelling and Meteorology
The Earth’s land resources are finite, whereas the
number of people that the land must support
continues to grow rapidly, this creates a major
problem  for  agriculture.  The  production
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(productivity) must be increased to meet rapidly
growing demands while natural resources must be
protected. New agricultural research is needed to
supply information to farmers, policy makers and
other decision makers on how to accomplish
sustainable agriculture over the wide variations in
climate around the world. In this direction
explanation and  prediction of growth of managed
and natural ecosystems in response to climate and
soil-related factors are increasingly important as
objectives of science. Quantitative prediction of
complex systems, however, depends on integrating
information through levels of organization, and the
principal approach for that is through the construction
of statistical and simulation models. Simulation of
system’s use and balance of carbon, beginning with
the input of carbon from canopy assimilation forms
the essential core of most simulations that deal with
the growth of vegetation In order to maintain a
constant check and predictions, different types of
methods are being used to stimulate meteorological
data in order to ensure accurate planting/breeding
seasons and harvesting seasons, In any engineering
work related to agricultural meteorology, the use of
mathematical modelling is essential among different
modelling techniques. Mathematical modelling
enables one to predict the behaviour of design while
keeping the expense at a minimum. Engineers are
interested in designing devices and processes and
systems. That is, beyond observing how the world
works, engineers are interested in creating artifacts
that have not yet come to life. www.wikipedia .com
(2015)

As noted by that behaviour is what the engineers
want. In short, engineers need to model devices and
processes if they are going to design those devices
and processes. While the scientific method and
engineering design have much in common, there are
differences in motivation and approach that are worth
mentioning. In the practices of science and of
engineering design, models are often applied to
predict what will happen in a future situation. In
engineering design, however, the predictions are used
in ways that have far different consequences than
simply anticipating the outcome of an experiment.
Every new building or airplane, for example,
represents a Model-based prediction that the building
will stand or the airplane will fly without dire,
unanticipated consequences.

Thus, beyond simply validating a model, prediction
in engineering design assumes that resources of time,
imagination, and money can be invested with
confidence because the predicted outcome will be a
good one. These are the concepts introduced in agro-
meteorology and using these mathematical concepts,
we have been able to develop a model for computing
and  calculating  meteorological ~ parameters.
www.wikipedia.com (2015)


http://www.thefreedictionary.com/
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Agriculture

Farmers rely on weather forecasts to decide what
work to do on any particular day. For example,
drying hay is only feasible in dry weather. Prolonged
periods of dryness can ruin cotton, wheat, and
corncrops. (Fannin, 2008).

While corn crops can be ruined by drought, their
dried remains can be used as a cattle feed substitute
in the form of silage. Frosts and freezes play havoc
with crops both during the spring and fall. For
example, peach trees in full bloom can have their
potential peach crop decimated by a spring freeze.
Orange groves can suffer significant damage during
frosts and freezes, regardless of their timing. Forestry
Weather forecasting of wind, precipitations and
humidity is essential for preventing and controlling
wildfires. Different indices, like the Forest fire
weather index and the Haines Index, have been
developed to predict the areas more at risk to
experience fire from natural or human causes.
Conditions for the development of harmful insects
can also be predicted by forecasting the evolution of
weather.(Taylor, 2008)

Effects of Meteorology on Vegetation Agriculture
There is hardly a branch of human activities as
dependent on the weather as agriculture. Agricultural
production is for a large part still dependent on
weather and climate despite the impressive advances
in agricultural technology over the last half a century.
More than ever, agro-meteorological services have
become essential because of the challenges provided
to many forms of agricultural production by
increasing climate variability and associated extreme
events as well as climate change, all of which
affecting the socio-economic conditions, especially of
developing countries.

Knowledge in time and space of available
environmental resources and on conditions from
below the soil surface through the soil-air interface
into the boundary layer of the atmosphere, both
favourable and unfavourable and all varying a great
deal, provide guidance for strategic agro-
meteorological decisions in long-range planning of
agricultural systems. Typical examples are designs of
irrigation and drainage schemes, choices related to
land-use and farming patterns, and within these
choices selections of crops and animals, varieties and
breeds, and farm machinery.

In modern agriculture, ecology and economy are on
equal terms; through environmental issues they are
even interdependent. Shortage of resources,
destruction of ecological systems and other
environmental issues are becoming ever more
serious. The large scale and uncontrolled use of
chemical fertilisers and plant protection products is

not only a burden to the environment but to quite a
considerable extent to the farmer’s budget, too.

Detailed observations/monitoring and real-time
dissemination ~of  meteorological  information,
quantification by remote sensing (radar and satellites)
and derived indices and operational services are
important for tactical agro-meteorological decisions
in short term planning of agricultural operations at
different growth stages. (www.Agroinfo, 2015).

Importance
Agriculture
In Agriculture Weather and climate is a resource and
considered as basic input or resources in agricultural
planning, every plant process related with growth
development and yield of a crop is affected by
weather. Similarly every farm operation such as
ploughing harrowing, land preparation, weeding,
irrigation, manuring, spraying, dusting, harvesting,
threshing, storage and transport of farm produce are
affected by weather. The scope of Agro Meteorology
can be illustrated through the following few
applications:

+ Characterization of agricultural climate:
For determining crop growing season,
solar  radiation, air temperature,
precipitation, wind, humidity etc. are
important climatic factors on which the
growth, development and yield of a
crop depends Agro-meteorology
considers and assess the suitability of
these parameters in a given region for
maximum  crop  production  and
economical benefits.

+» Crop planning for stability in production:
To reduce risk of crop failure on
climatic part, so as to get stabilized
yields even under weather adversity,
suitable crops/cropping
patterns/contingent cropping planning
can be selected by considering water
requirements of crop, effective, rainfall
and available soil moisture.

« Crop management: Management of crop
involves various farm operations such
as, sowing fertilizer application. Plat
protection, irrigation scheduling,
harvesting etc. can be carried out on the
basis of specially tailored weather
support. For this the use of operational
forecasts, available from agro met
advisories, is made e.g. Weeding
harrowing, mulching etc. are undertaken
during dry spells forecasted.

« Crop Monitoring: To check crop health
and growth performance of a crop,
suitable meteorological tools such as
crop growth models. Water balance

and Scope of Meteorology in
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technique or remote sensing etc. Can be
used.

s Crop modeling and vyield -climate
relationship: Suitable crop models,
devised for the purpose can provide
information or predict te results about
the growth and yield when the current
and past weather data is used.

% Research in crop —climate relationship:
Agro-meteorology can  help to
understand crop-climate relationship so
as to resolve complexities of plant
process in relation to its micro climate.

% Climate extremities: Climatic extremities
such a frost floods, droughts, hail
storms, high winds can be forecasted
and crop can be protected.

+« Climate as a tool to diagnose soil moisture
stress: Soil moisture can be exactly
determined from climatic water balance
method, which is used to diagnose the
soil moisture stress, drought and
necessary protective measures such as
irrigation, mulching application of
antitranspirant, defoliation, thinning etc.
can be undertaken.

¢ Livestock production: Livestock
production is a part of agriculture. The
set of favourable and unfavourable
weather  conditions  for  growth,
development and  production  of
livestock is livestock is studied in Agril.
Meteorology. Thus to optimize milk
production poultry production, the
climatic normal are worked out and on
the suitable breeds can be evolved or
otherwise can provide the congenial
conditions for the existing breeds.

« Soil formation: Soil formation process
depend on climatic factors like
temperature, precipitation, humidity,

and wind etc., thus climate is a major
factor in  soil  formation and
development. (Agro info, 2015).

Effects of Modelling on Vegetation Agriculture

The software GLYCIM (Acocket al., 1985) is an
example of a mechanistic model to predict the
soybean growth and yield. It consists of thousands of
equations describing the atmospheric and soil
environments, light interception by the leaves,
photosynthesis, carbon partition between different
organs, respiration, and water and nutrient uptake. At
the photosynthesis organization level, for example,
the model stops being mechanistic and becomes
empirical, because the equation that represents the
photosynthesis for leaf area does not represent a
correlation between variables. One is still learning
how to develop and create mechanistic models and,
nowadays, the empirical models at the forecast level
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are still the most popular. However, the mechanistic
models have a much larger potential to allow
extrapolation in the forecasts outside the boundaries
in which they were generated (Chanter, 1981). Their
superiority as simulation models is gradually being
recognized.

Mathematical models can be used in different ways
within each one of these three activities. At this point
it is important to differentiate understanding from
knowledge. To know is simply to be conscious of the
facts regarding a phenomenon, whereas to understand
is to perceive the significance of a phenomenon or to
be able to explain it based on the knowledge of it.
(Rimmington and Charles Edwards, 1987).

Mathematical models are basically a simplified
description of a system, built to help us better
understand the operation of a real system and the
interactions of its main components. They are
excellent forecast mechanisms. The popularization of
computers, capable to execute great amounts of
arithmetic and logical operations in a reduced time,
allowed great progress in the area of mathematical
simulation. Three important uses of mathematical
models in plant sciences can be indicated as the
following:

Analysis of observed responses in plant growth as a
function of certain factors, to increase our
understanding of the crop growth and to provide
direction in our research;

(i) Simulation of plant growth by models
consisting of many interacting
components and levels, as an aid for
teaching and learning;

(ii) Forecast of the plants response of to certain
climatic or management condition, as a
tool for management and decision-
making. (Rimmington and Charles-
Edwards, 1987)

Importance of the Mathematical Models in Farm
Management and Other Practical Applications
Besides its scientific importance, the simulation of
plant yield has practical application in the
management of cropping systems, in the formation of
stocks, in the commercialization, in the making of
agricultural policies and zoning, and in many other
branches of agricultural activity. The mathematical
models used in each one of those contexts will have a
different form and will be used in different ways. In a
context of resource management, the models can
serve as a learning aid in predicting the results of a
given usual practice compared to alternative actions
in the agricultural system. The model to be used in
management is a summarized form of the detailed
simulation model obtained through research, in which
several intermediate state variables are removed and
some parameters are maintained constant for the
particular case.
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Before the model is applied for resource
management, its accuracy needs to be tested within a
given range of variables. Only then it is wise to use
the model to simulate the effects of different
management techniques or environmental variations
on the crop performance. The model, in this case,
should necessarily be used within its tested
boundaries. (Rimmington and Charles- Edwards,
1987).

Need for Mathematical
meteorology

Modelling in Agro-

(i)  We need modelling in agro-meteorology for
quicker output of data when
dealing with weather parameters.

(ii) For accuracy and precision while collating
data in an automatic or sympnotic weather
stations.

(iii) For easier web updates of data since the

models are mostly in application form.

Meteorological Variables
Metrological variables are values discovered form
using meteorological instruments to measure weather
parameters e.g. rainfall, temperature, relative
humidity, evaporation etc.

The two types of meteorological variables we are
focusing on in this project are Rainfall and
Temperature basically because they play a major
role in the agriculture in terms of crop production
especially in the tropical region. Types of
precipitation (rainfall) are: convectional, frontal and
orographic rainfall.

Precipitation (Rainfall)

Precipitation is liquid or solid water falling from
clouds to the earth surface or formed on different
bodies as a result of atmospheric water vapour of
condensation(Robert, 1997). Precipitation can be
liquid, solid or mixed. Liquid precipitation includes
rain and drizzle directly on the earth surface or on
different objects. Liquid precipitation can also be
formed as dew or liquid film. Moisture entering the
atmosphere as a result of evaporation from water and
land surfaces is transported with air fluxes. The
diameter of rainfall is usually 5 to 6 mm whereas
drizzle drops are between 0.2 and 0.5 mm and their
terminal velocities are between70 to 200 cm per
second. Drizzle falls mostly from low stratus clouds
and frequently accompanied with fog and poor
visibility. (Glossary of Meteorology, 2012)

Effect of Rainfall on Agricultural Production

Among the various individual climatic parameters
which influence the growth characteristics of crops in
Southern Africa the most important is considered to
be water. Limitations in water availability are
frequently a restrictive factor in plant development,
and water is essential for the maintenance of
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physiological and chemical processes within the
plant, acting as an energy exchanger and carrier of
nutrient food supply in solution. In any regional study
of agricultural production rainfall is therefore of
fundamental importance. Focus is invariably on the
patterns of rainfall in time and over an area, by
asking initially
(i) How much it rains where it rains (its spatial
distribution);
(if) When it rains (its seasonal distribution);
(iii) How frequently it rains and;
(iv) What the duration and intensity of rainfall
events are.

In their analyses of rainfall, however, the concerns of
farmers go further, since they need to consider also
how variable the rainfall is from year to year or for a
given month and how frequently droughts of a certain
level of severity are likely to recur. The reservoir of
water from which crops draw their moisture supply
through the soil is derived mainly in the form of
rainfall, with relatively minor contributions in
Southern Africa from dew, fog and snow.(Western
Regional Climate Center, 2008).

Effect of Temperature on Agricultural Production
Most plants have a range of temperature at which
growth occurs. Some plants are more adaptable
(such as grass) and can grow throughout the range,
while other plants have more specific temperature
requirements. When the temperature reaches the
upper end of the spectrum, in general, plant
photosynthesis declines. Optimal temperatures are
different from plant to plant, and can even be
different within one species.

Air temperature can also affect the availability of
some nutrients (phosphate is less available in the
chloroplast of the plant at low temperatures), which
in turn reduces the level of photosynthesis. Low air
temperatures can also negatively affect plant growth.
Growers of small fruit crops (strawberries) and tree
crops (peaches) go to great efforts to protect their
crops when a damaging freeze is predicted.
Sometimes they irrigate the crop so that a thin layer
of ice forms on the crop (the act of water freezing
actually releases energy that can raise the air
temperature slightly). Sometimes the farmers can
cover the crop with plastic or cloth to protect the
crop, and other times the farmer might run fans or
propane heaters to try and raise the air temperature
slightly around the crop. Low air temperatures also
affect soil temperatures and freezing soil
temperatures can cause “frost heaving” of plants that
overwinter in the soil. www.wikipedia.com (2009)

Computer Programming and Unified Modelling
Languages

The first programming languages designed to
communicate instructions to a computer were written
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in the 1950s. An early high-level programming
language to be designed for a computer was
Plankalkil, developed for the German Z3 by
KonradZuse between 1943 and 1945. However, it
was not implemented until 1998 and 2000. John
Mauchly 's Short Code , proposed in 1949, was one
of the first high-level languages ever developed for
an electronic computer. Unlike machine code, Short
Code  statements  represented mathematical
expressions in understandable form. However, the
program had to be translated into machine code every
time it ran, making the process much slower than
running the equivalent machine code. (Herbert,
2002).

In 1990s which is the Internet age the rapid growth of
the Internet in the mid-1990s was the next major
historic event in programming languages. By opening
up a radically new platform for computer systems,
the Internet created an opportunity for new languages
to be adopted. In particular, the JavaScript
programming language rose to popularity because of
its early integration with the Netscape Navigator web
browser. Various other scripting languages achieved
widespread use in  developing  customized
applications for web servers such as PHP. The 1990s
saw no fundamental novelty in imperative languages,
but much recombination and maturation of old ideas.
This era began the spread of functional languages. A
big driving philosophy was programmer productivity.
Many "rapid application development" (RAD)
languages emerged, which usually came with an IDE,
garbage collection, and were descendants of older
languages. All such languages were object-oriented.
These included Object Pascal, Visual Basic, and Java.
Java in particular received much attention. More
radical and innovative than the RAD languages were
the new scripting languages. These did not directly
descend from other languages and featured new
syntaxes and more liberal incorporation of features.
Many consider these scripting languages to be more
productive than even the RAD languages, but often
because of choices that make small programs simpler
but large programs more difficult to write and
maintain. Nevertheless, scripting languages came to
be the most prominent ones used in connection with
the Web. Some important languages that were
developed in this period include: 1990 — Haskell,
1991 — Python, 1991 - Visual Basic, 1993 — Ruby,
1993 — Lua, 1994 - CLOS (part of ANSI Common
Lisp), 1995 - Ada 95, 1995 — Java. (Olofintoye,
2009).

The Java programming language was conceived by
James Gosling, Patrick Naughton, Chris Warth, Ed
Frank, and Mike Sheridan at Sun Microsystems, Inc.
in 1991. The primary motivation for the development
of Java was the need for a platform-independent (that
is, architecture neutral) language that could be used
to create software to be embedded in various
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consumer electronic devices, such as microwave
ovens and remote controls. (Herbert, 2002).

Software development and computerizing models
The development of software applications for mobile
computers has been recently spurred by the
availability of more powerful operating systems and
the transfer of standardized programming languages
on ever-smaller computing platforms. These
developments have opened the door for creating new
applications that bring computing power to field
scientists and engineers. (Vivoniet al.,2001). One
potential application area explored in this paper is the
prediction of future year meteorological events by
computing quantiles of meteorological variables for
different return periods with the aid of a Windows-
based program.

This program predicts future year events based on the
probability distribution functions developed from the
frequency analysis of meteorological variables for
Ibadan, Nigeria. In frequency analysis, an assumed
probability distribution function is fitted to available
data to estimate the magnitude corresponding to
return periods and the appropriate distribution models
that gives a good representation of the data is chosen.
The choice of the probability distribution model is
almost arbitrary as no physical basis is available to
rationalize the use of any particular function and the
search for the proper distribution function has been
the subject of several studies (Abdulhameed, 2004;
Olofintoye, 2007; and Anifowose and Salami, 2008).
For instance (Anifowose and Salami, 2005) fitted
various probability distribution models to the annual
mean values of some meteorological variables
(rainfall, temperature, sunshine hours, humidity,
evaporation and wind speed) to evaluate the model
that is most appropriate for the prediction of these
variables. Gumbel probability distribution model was
found to have the best fit for humidity, temperatures,
evaporation and sunshine, while Log-Pearson
distribution model was also found to have the best fit
for rainfall and wind speed. Analysis of rainfall (and
other meteorological) data requires handling of large
volumes of data and repeated computation of a
number of statistical parameters for distribution
fitting and estimation of expected rainfall at different
return periods. Development of software/expert
system for the above purpose will reduce the
monotonous and cumbersome computation to a great
extent according to (Islam and Kumar, 2003).

The advent of the personal computer has led to the
development of software like AutoCAD, CivilCAD,
etc. for the solution of engineering problems. It has
also spurred engineers into developing software for
the solution of unique engineering problems.
Furthermore Raji (2004) developed a windows based
computer program (using Visual Basic 6.0) to
simplify the analysis and design of water storage



Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 7(4):186- 195 (ISSN: 2141-7016)

tanks. Congenial to the topic at hand are software like
RAINPACK, RainPLOT, and HYDRO which are
programs developed specifically for the analysis of
rainfall and other meteorological data. RAINPACK is
a package of programs developed in BASIC for the
handling and sorting of daily rainfall data in various
possible ways, computation of frequency distribution
and basic statistics, which can further be extended for
fitting distributions and further applications however
noted that this package of programs does not include
some of the important features such as testing
adequacy of the length of the record, fitting
probability  distributions  using  class-interval
approach, different transformation methods such as
power, SMEMAX etc. (Islam and Kumar, 2003)

Also rainplot is a custom Windows-based software
program developed for the regional Middle East
rainfall-intensity database project. It allows a user to
connect to a relational database of choice, retrieve
and display maximum rainfall intensities, rainfall
summaries, and other data from the connected
database, perform a wide range of statistical analyses
on the retrieved data, fit the retrieved data to
theoretical  probability  distributions, test the
theoretical distributions for optimal fit, automatically
graph and tabulate various statistical results, and
automatically create and print customized rainfall
intensity and rainfall summary reports. (Morin et al.,
2006). (Samawi and Sabbagh, 2006), used rainplot to
analyse rainfall intensity data, together with daily
data, for 9 sites in Mujib basin located in the central
part of Jordan, for periods of data varying from about
20 years to more than 40 years and noted that the Log
Pearson Type 3 and the GEV distributions fit the
recorded data better than the gumbel distribution. In
an attempt to ease the computational tedium involved
in the estimation of gqauntiles using probability
distribution model equations developed for twenty
stations in Nigeria, (Olofintoye, 2009) developed
rainfall frequency atlases for the prediction of rainfall
in Nigeria using Surfer8 (a contouring software).
(Olofintoye, Salami, Jimoh, 2009).

MATERIALS AND METHODS

Summary of Previous Work

This work started on the premiss of the previous
work done in 2009 by (Anifowose and Salami, 2008).
These authors have successfully developed
probability distribution model equations for the
prediction of meteorological variables for Ibadan
metropolis, Nigeria. These model equations are the
main inputs for this study (Olofintoye, Salami, Jimoh,
2009).

Methodology of Current Work

The main aim of this work is to develop a software
containing a graphic user interface for the prediction
of meteorological variables. The software is named

‘Metro-P’.  Metro-P  is the acronym for
‘Meteorological Predictor’. Metro-P  computes
quantiles for return periods based on the model
equations presented in Table 1.

Table 1.The model equations to be incorporated into
Metro-P

1 | Log-Gumbel Log RT =2.021 + 0.082 (0.78 YT
—0.45)
2 | Normal TT = 27.375 + 0.836 KT
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Data Collection for Analysis

The meteorological data were obtained at the
meteorological department of the International
Institute of Tropical Agricultural Training and
Research (IITA), Ibadan. The data collected include
rainfall, maximum and minimum temperature. A total
of 40 years data (1973 - 2013) were collected.

Data Analysis

The annual mean values of the meteorological data
were determined from the collected data for each year
and ranked according to Welbull’s plotting position
to estimate corresponding return period. These
meteorological data were then evaluated with six
probability distribution functions to determine the
best-fit model for each data. The models include;
Gumbel (EVI typel), Log-Gumbel (LG), Normal
(N), Log-Normal (LN), Log-Pearson type Il (LP3)
and Exponential (E) probability distribution models.
Mathematical expressions were obtained for the
various probability distribution functions and used to
predict meteorological data for various return periods
used in performing the goodness-of-fit tests for the
selection of the best-fit models.

Results of Analysis

After the data analysis, it was observed that the best
fit models for meteorological variables in Ibadan,
Oyo State, Nigeria includes:

Table 2: The best-fit models for the meteorological
variables

1. Rainfall (mm) Log-Gumbel Log RT =2.021 + 0.082

(0.78 YT — 0.45)

2. Temperature (°C) | Normal TT =27.375 + 0.836 KT

Olofintoye ,0.0., Salami, A. W and Jimoh,, M .O.
(2009).

Manual Computation (Numerical Examples)

An example of the procedure using manual
computation is presented next to serve as a guide to
the step-by-step development of the program. For
example, the prediction of the Rainfall value for a
120 year return period, and evaporation for a 200
year return period, is illustrated as follows:

Rainfall 120-year (Log-Gumbel):
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1.Model Equation

—logRT = 2.021 + 0.082(0.78¥T — 0.45)
2. For T = 120years, P = 1/T = 0.0083

3¥T = —In(—In (1— P)) = 4.7833

4: —logRT = 2.021 + 0.082((0.78 X 4.7833) — 0.45) = 2.29

Software and Interface Development

This section describes in detail the development of
the various functions that makes up the software. The
software was written using Java with the aid of an
IDE (Integrated development environment) named
Eclipse Java version: luna service release 1A (4.4.1).
A java class file was opened in a project and java
extension utility packages e.g. “swing”, “awt” were
imported to enhance the flexibility of the program.
Java swing components (JComponents) like JLabel,
JButton, JFrame, JMenu, JMenu Item were used in
the constructor of the program and some of these
components were set to action listening by calling the
action listener method and a main class was added to
the sub class to launch the application. The main
function used in the computing the variables while
constructing the software is the power function which
can be somehow manipulated to function as the LN
function.

Due to the advancement in computer technology, the
versions of Java IDE’s has been subsequently
improved and this means the mathematical functions
like LN, Power, Square root etc. has been improved
upon. This made the incorporation of the model into
the written codes and the step by step algorithm more
flexible and times easier. Complete Software
flowchart.

Finally, the major and minor functions were compiled
into a Window based Software (Metro-P). The
flowchart for Metro-P is shown in figure 1 below

Input: Meteorological variable to compute

v

Input: Return Period

A 4

Compute: Quantile for Return Period

A 4

Output: Quantile

A
Stop

Figure 1: The flowchart for Metro-P
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RESULTS

The compilation of the major and minor functions
resulted in a windows software ‘Metro-P’ for the
prediction of meteorological variables in Ibadan,
Nigeria. The software is accurate, handy and easy to
use because of its intuitive user interface. Figure 2
shows the user interface. A brief description of the
program follows immediately.
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! MetroPis 2 software that computes Quanties

Estimates of etroolgica vanibies atbadan ieri forspecfed

i Lol | |
Figure 2(c) Information message

Figure 2(a) present the welcome screen. This gives a
brief description of the program. The user clicks the
menu button (metro) to open the options for the
quantiles. Figure 2(b) is the main input screen of the
program. After the meteorological variable has been
selected in the menu, a new frame opens containing
the input textfield and the return uneditabletextarea.
The user enters the number of years and presses the
calculate button to get the return in the
uneditabletextarea. Figure 2(c) is the information
message option in the file menu which gives a brief
description of the program. Metro-P was used to
predict quantiles for the meteorological variables for
return periods of 10, 20, 50, 100, 200, and 500 years.
A worksheet was also developed in excel to compute
the same quantiles for the purpose of comparison and
program verification. The quantiles estimates are in
Table 4

DISCUSSIONS

Metro-P was used to predict quantiles for the
meteorological variables for the return periods of 10,
20m 50, 100,200, and 500 years and it was found that
the results of the program were correct when
compared with the results generated from Microsoft
excel.

Below are the comparison of the results obtained
from Metro-P and Microsoft excel.

Table 3. Comparison between results obtained from
Metro-P and Microsoft excel

Years 10 20 50 100 200 500
Metro | 134.29 | 149.30 | 171.26 | 189.81 | 210.29 | 240.73
Excel 134.29 | 149.30 | 171.26 | 189.81 | 210.29 | 240.73
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Correlation between Merto-P and Excel

Figure 3. Graphical representation of the correlation
of the results obtained from Metro-P and Microsoft
excel including the sum

CONCLUSION

A Computer software called Metro-P was developed
(using Java programming language to compute the
quantiles, using various probability distribution
model equation developed for the meteorological
variables of Ibadan. The performance and accuracy of
the program was satisfactory. It is regarded as “up to
date” because it runs on all kinds of computers
irrespective of the manufacturer of windows
installed. The software accessible and affordable
because of the vast usage in recent times especially in
urban and even some rural areas and subsequent
versions can be developed with more features
enabling all works of life especially the people into
agriculture aero-dynamic operators to have an
estimated idea of future weather and numerous
engineering problems can also be solved via the
development of mathematical models.

RECOMMENDATION

At the present state of technology all around the
world especially in developing countries like Nigeria
where the usage of window-based software is
inevitable in all professions, Metro-P can be
commercialized in order to get within the reach of
local and standard agro-based organizations,
Government and private meteorological stations and
Aero-inclined establishments due to its quick output
which can be regarded as time saving while handling
meteorological data predictions.
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