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Abstract: Planning has been identified as a roadmap to success as failing to plan implies planning for failure.
Information about future happenings is instrumental to efficient and effective planning. Effect of natural disaster such
as flooding, drought etc. can only be prevented with effective planning. Forecast of the future happenings is crucial in
this regard. Various authors have established the beauty of fuzzy logic in prediction. In this work, fuzzy logic is applied
in proposing a model to predict rainfall given the temperature of that particular geographical location. This will enable
efficient planning based on the anticipated chances of rainfall.
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I.LBACKGROUND TO THE STUDY

Despite the fact that rigorous numerical modeling of meteorological processes continue to improve, there will likely
continue to be processes that elude explicit analytical solutions (Jim, 2005). Physical processes not yet understood or
those beyond the scope of the models still need alternative methods for their analysis and subsequent forecast (Zadeh,
1983). Processes such as fog, stratus and convention have always been difficult to forecast. Rainfall is one of the
meteorological process that meteorologist seeks to predict more accurately. Though various kinds of models like
statistical model have been used for years in the prediction of rainfall, the models have many drawbacks (Cirstea, et al
2002). The drawback of statistical modeling is dependence, in most cases, upon several tacit assumptions regarding the
system (Wilks, 1998). With the rapid evolving technologies in the field of meteorology, it is desirable to merge the
experience of many forecasters with algorithms that may aid in difficult forecasting situations (Jim, 2005). Cognitive
computing has been an emergent set of problem solving algorithm that attempt to imitate natural problem solving
techniques (Jang, 1997). One of such is fuzzy logic. Fuzzy logic is a simple yet powerful problem solving technique
with extensive capabilities. It is currently used in the fields of business, systems controls, electronics and traffic
engineering (Jim, 2005). The technique can be used to generate solutions to problems based on “vague, ambiguous,
qualitative, incomplete or imprecise information.” Fuzzy logic is an extension of fuzzy set theory that was developed
approximately 30 years ago.

The intent of fuzzy set theory was to alleviate problems associated with traditional binary logic, where statements are
exclusively true or false (Cirstea, et at 2005). Fuzzy logic allows something to be partially true and partially false hence
taking care of neglected quantities in binary logic. Hence, this project is based on the application of fuzzy logic in one
of the meteorological process, which is rainfall in order to get more accurate predictions in the area.

I1. PROBLEM STATEMENT AND RESEARCH OBJECTIVES

Weather forecasting is one of the most important and demanding operational responsibilities carried out by
meteorological services worldwide (Hasan, Tsegaye, Shi, Schaefer and Taylor, 2008). It is a complicated procedure
that includes numerous specialized technological fields (Hasan et al., 2008). The task is complicated in the field of
meteorology because all decisions are made within a visage of uncertainty associated with the weather system (Hasan
et al., 2008). Chaotic features associated with atmospheric phenomenal has also attracted the attention of modern
scientist. The drawback of statistical model is dependence, in most cases, upon several tacit assumptions regarding the
system (Wilks, 1998). Carrano et al. (2004) compared non-linear regression modeling and fuzzy knowledge-based
modeling, and explained that fuzzy models are most appropriate when subjective and qualitative data are utilized and
the numbers of empirical observations are small. Fuzzy inference model yield a lower percentage of error when
compared to the linear multiple regression model (Hasan et al., 1995). Similar research by Wong et al. (2003)
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compared the results of fuzzy rule-based rainfall prediction with an established method which uses radial basis function
networks and orographic effect. Hasan et al. (2008) concluded that fuzzy rule-based methods could provide similar
results from the established method. Therefore the problems associated with the statistical model need to be addressed
and the fuzzy rule-based model is the most efficient alternative means. The researchers hereby wish to explore such

potential in this domain of study. Based on the problem, the following specific objectives are formulated:

1. To explore the use of fuzzy logic in rainfall prediction.

2. To develop a fuzified model for rainfall prediction.

I1l. THE ALGORITHM FOR PLOTING THE GRAPH

The project is going to have two input variables and one output variable. The inputs variables are the wind speed and
the temperature at a particular time and the output will be the amount of the rainfall expected. Temperature and the
wind speed are chosen because it was proved that they are the factors that influence the occurrence of rainfall. The
input variables values (wind speed and temperature) are grouped into five using the linguistic variable terms which are:

Negative large: Very Low

Negative small: Low

Zero: Normal

Positive small: High

Positive large: Very High
For a particular input variable the variable will either belong to one of these or at most two of it with a membership
value. For example, a temperature of 30 Celsius may be a member of high with 0.3 membership value and normal with
0.6 membership value. For us to know all the membership value for a particular input variable, we will need equations
that will map an input value to its corresponding membership value.

A. EQUATION FOR TEMPERATURE
Note: The temperature ranges from 5°C —25°C

The equations below produce the values of membership value for any temperature value. It is follow that in the diagram
of the graph shown below, we have eight lines in the graph therefore we must formulate eight equations to implement
the graph. Some of the linguistic variables (very low, low, normal, high and very high) might have the same
temperature range but they will surely have different equations.

(Very Low): (5 < Temprature <10) > Member(m, )=-0.2T +2
(Low): (5< Temprature <10) > Member(m,)=0.2T —1
(Low): (10 < Temprature <15) > Member(m, )= -0.2T +3
(Normal): (10 < Temprature <15) > Member(m,)=0.2T —2
(Normal): (15 < Temprature < 20) > Member(m,)=-0.2T +4
(High): (15 < Temprature < 20) > Member(m,)=0.2T —3

(High): (20 < Temprature < 25) > Member(m,)=-0.2T +5

(Very High): (20 < Temprature < 25) > Member(m, )= 0.2T +4

Where T denotes Temperature and m denotes membership value respectively.
Programming these will look like the following:
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if (5 < Temprature <10)
then
{
M, =-0.2T +2;M, =0.2T -1,
}
if (L0 < Temprature <15)
then
{
M, =-0.2T +3;M, =0.2T - 2;
}
if (20 < Temprature < 25)
then
{
M, =0.2T + 4,
}
1.2
) 1
3
T 08
a
£ 06
3 04
§ o2
£
0
0

5 10 15 20 25 30

TEAMMDDRDATIHREL

Copyright to IJIRCCE

omwvirFnATd UF\L‘LI:ILIU:I]

Figure 1: Temperature value
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B. EQUATIONS FOR WIND SPEED

The wind speed ranges from 2-10 Km/hr.

The equations below produce the values of membership value for any temperature value. It is follow that in the diagram
of the graph shown below, we have eight lines in the graph therefore we must formulate eight equations to implement
the graph. Some of the linguistic variables (very low, low, normal, high and very high) might have the same
temperature range but they will surely have different equations.

(Very Low): 2 <WindSpeed <4-> M, =—-0.5WS +2
(Low): 2 <WindSpeed<4-> M, =0.90S -1
(Low): 4 <WindSpeed <6-> M, =—-0.9WS +3
(Normal): 4 <WindSpeed <6 > M, =0.5WS -2
(Normal): 6 <WindSpeed <8-> M, =-0.5\S +4
(High): 6 <WindSpeed <8> M, =0.5\S -3
(High): 8 <WindSpeed <10-> M, =-0.5W\S +5

(Very High): 8 <WindSpeed <10> M, =0.5\S -4
Programming these will look like the following:
if (2<WS < 4)

then

{

M, =-0.5WS +2;M, =0.5WS -1,
}

elseif (4 <WS <6)

then

{
M, = —0.5WS +3;M, = 0.5WS — 2;
}

elseif (8 <WS <10)
then
{M, =0.5WS - 4;}
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Figure 2: A graph showing Wind Speed and its corresponding member value

IV.THE OUTPUT VARIABLE

The output variables depend on the category that the temperature and the wind speed falls in. They can either be of
negative-large, negative-small, neutral (Zero), positive-small and positive large. The following equations show how we
can get our final output (amount of rainfall) at different category of the output variable.

For Negative Large: RF = M
-0.05
For Negative Low: RF = M+05 and RF = M-25 6555

M +15 M -3.5
s — and ——
0.05 -0.05

For Positive Small: RF = M+25 and RF = M-45
0.05 —-0.05

For Zero: RF =

M +3.5

0.05
The graph of the output variable is shown below:

For Positive Large: RF =
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Figure 3: Output Variable

V.APPLICATION OF THE ALGORITHM

Assuming that the temperature and the wind speed readings (which are factor that determines the amount of rainfall) of

aday are12.5°C and 4km/hr respectively, the procedure or step that will be taken to know the amount of the rainfall
is stated bellow:
1) We are going to determine the group that each input falls in and their membership value for that group:

e For 12.5°C temperature we can deduce from the graph or by using one of the equations the group that it falls in
and the membership value for that group. From the graph the temperature is 0.5 member of low and 0.5 member

of normal. From the equation, the temperature of 12.5°C falls between 10 and 15, therefore the equation to
calculate the membership will be -0.2T+3 for low and 0.2T-2 for normal. By putting the value of the temperature
in both equations we will get 0.5 for both memberships.

e For 4km/hr wind speed we can also deduce from the graph or from one or two of the equations. The membership
value will be 1 for normal alone.

2) The next step is to determine how a particular value of temperature and wind speed will produce a particular value
of amount of rainfall to be expected.

e The table below shows how the two input variable and the output value are related. The table was constructed
using a data derive from United States department of Agriculture (USDA). The data consist of documented
amount of rainfall for a particular year and the values of the temperature and wind speed.

Table 1: A table showing the relationship between temperature, wind speed and amount of

rainfall
WS NL NS ZE PS PL
TP

NL NL NL NS NS ZE
NS NL NL NS ZE ZE
ZE NS NS ZE ZE PS
PS NS ZE ZE PS PS
PL ZE ZE PS PS PL
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Table 2: Fuzzified Values

Abbreviation Stands for Meaning
NL Negative large Very low
NS Negative small Low

ZE Zero Normal
PS Positive Small High

PL Positive Large Very high

The value of our temperature (12.5°C) shows that we can categorize our temperature to be normal (0.5) and low

(0.5) and our wind speed value (4km/hr) is categorized as normal (1) only.
If (Temperature is normal [0.5] and Wind Speed is normal [1]) then Rainfall is normal
If (Temperature is low [0.5] and Wind Speed is normal [1] then rainfall is low
The if-then knowledge based stated above is derived from the table. We can see that we have two values for our rainfall
(low and normal) but there fuzzy value (membership value) is taken from the minimum membership value between
their temperature and wind speed. So for normal rainfall the membership value is 0.5 and the membership value for
low rainfall too is 0.5 since that is the minimum membership values.
The next step is to calculate a quantifiable value of rainfall from the fuzzy set we got earlier. There are several
methods for calculating a quantifiable value for fuzzy set but the one to be used in this project is called Centroid

kzn;,ﬂ(vk )ka
kzri;ﬂ(vk)

Therefore using the result above and our output rainfall graph with the formula given above we can predict the
amount of rainfall as follow:

Method. The formula for this method is given as

(30*0.5 + 50*0.5) / 0.5+0.5 =  (15+25)/1 = 40mm. Figure describes the visual representation with given data.

Chart Title
20
18
-\
16
14 AN

= 10 —o— Actual Rainfall
:..g . \ / \ / C u’a' aln'a
s . \ / o~ —ll— Fuzzified rainfall
4
2
0
1 2 3 4 5

Figure2: Visual representation of the fuzzified Model

Note: ,u(Vk) is the membership value of each of the variable (Rainfall and Wind speed) in the deffuzification
graph, in this case it is 0.5 for each variable.
V. is the value of the variable itself in the deffuzification graph
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VI. CONCLUSION
The fact that effective planning leads to high performance does not call for any debate. In this context of study,
knowledge of other variables like temperature and wind speed, it is easier to predict likelihood of rainfall and even the
volume. This will help to better plan for a better resource utilization and prevention of associated disaster. It is however
recommended that application of fuzzy logic is necessary in other domains since the two logic levels cannot solve
many of such problems.
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