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Abstract: Weather prediction has drawn lot of research interest in recent years. The prediction of temperature
has essential applications in various fields like climate monitoring, weather prediction, agriculture, energy,
aviation, communication, pollution dispersal etc. The fuzzy aggregation have a powerful logic expression ability
and is able to express inaccurate and uncertain information. In this paper, a Fuzzy Knowledge – Rule base
technique is used to predict the ambient atmospheric temperature for Indian coastal cities. The present study
utilizes historical temperature as well as database of various meteorological parameters to develop a prediction
process in fuzzy rule domain to estimate temperature. Daily observations of Mean Sea level Pressure, Relative
Humidity and Temperature for all 3 seasons are analyzed to predict the Temperature for a given values of Mean
Sea Level Pressure and Relative Humidity. The model is found to produce prediction of temperature with low
Root Mean Square Error.
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INTRODUCTION expression, memory, summing up and association of

Forecast of Meteorological Parameter is one of the of  the  ANN  manifest  in its connection weight
most significant tasks all over the world. Weather coefficient  and  its   interior   expression   of  knowledge
condition is observed to be a highly complex system is difficult to understand. In contrast, the theory and
which is nonlinear. It includes expertise in multiple method of fuzzy aggregation of fuzzy systems have
disciplines [1]. The prediction of  atmospheric  parameters powerful  logic  expression  ability  and  are able to
is essential for various applications. Some of them include directly express logic, even to express inaccurate
climate monitoring, drought detection, severe weather information [4]. Here, Fuzzy Logic has been used for
prediction, agriculture and production, planning in energy predicting the ambient temperature as fuzzy logic can
industry, aviation industry, communication, pollution handle uncertainties and complexities of atmospheric
dispersal etc. Accurate prediction of weather parameters conditions without dealing with complex mathematical
is a difficult task due to the dynamic nature of expressions.
atmosphere. Various techniques like linear regression, Temperature is identified as the dominant abiotic
auto regression, Multi Layer Perceptron, Radial Basis factor directly affecting herbivorous insects, therefore
Function networks are applied to predict atmospheric extremes of temperature may  negatively  affect  insects.
parameters like temperature, wind speed, rainfall, In the last decade it has become clear that the timing of
meteorological pollution etc [2]. many phenological processes, like the start of flowering

Also, soft computing techniques have opened up and leaf unfolding in spring, have changed. The increase
new avenues to the complex system researches. It has in temperature is believed to be the main cause. Millions
three basic components, e.g., Fuzzy Logic, Artificial of people world-wide will therefore experience the impact
Neural Network (ANN) and Genetic Algorithm [3]. of climate change in their daily lives during spring and
Artificial Neural network can obtain abilities of the summer [5].

knowledge through  learning.  However,  those  abilities
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Fuzzy Logic and Fuzzy Sets: Since 1970, the applications belong to the same set partially. The greater is the
of fuzzy mathematical theories and methods to membership degree the more the object belongs to the set.
agroclimatic regionalization, long and medium term Meteorological data contains many uncertainties. So, in
forecasting, interpretation of numerical weather prediction present study, to handle these uncertainties, Fuzzy Logic
products and climate analysis etc. in meteorological is used for prediction of temperature from M.S.L. pressure
science have been explored [4]. and Humidity. In India, 3 distinct seasons are observed

The pioneering work concerning the processing of viz. Summer, winter and monsoon. The present study
the linguistic uncertainties by the use of fuzzy sets has explores the data of these all three seasons for the year
opened a wide spectrum of applications in many diverse 2009-10 and from this data base, Fuzzy Knowledge - Rule
fields [6]. Fuzzy application areas include estimation, base is developed. The system developed has two input
prediction, control, approximate reasoning, intelligent variables - M.S.L. Pressure and Relative Humidity and one
system design, machine learning, image processing, output variable-Temperature. This Fuzzy Knowledge -
machine vision, pattern recognition, medical computing, Rule base model can predict the temperature of inland
robotics, optimization, civil, chemical and industrial cities over India from the data of their M.S.L. Pressure and
engineering [7]. Unfortunately, fuzzy applications in Relative Humidity.
meteorology domain are rather very rare and there is a It is proposed to work on two different combinations
great future in its application to solve atmospheric and of fuzzy sets. In first combination, Fuzzy sets of input
meteorological problems. parameters- M.S.L. Pressure and Relative Humidity are

The atmospheric events are complex, ambiguous and expressed with 5 linguistic variables and output
vagueness embedded in their nature. This is mainly due parameter- Temperature is taken with 7 linguistic
to the fact that earth and atmospheric scientists are variables(5-5-7 combination) whereas in second
involved basically with traditional uncertainty techniques combination, Fuzzy sets of all parameters – input and
among which are the statistics, probability and stochastic output parameters- are expressed with 7 linguistic
processes with control implementations through adaptive variables (7-7-7 combination). This paper presents work
Kalman filtering. However, there is an unlimited scope related to first fuzzy combination viz. 5-5-7.The Fuzzy sets
application possibility in natural sciences for the fuzzy of all three parameters are shown below with their ranges:
principles.

Fuzzy Sets are collection of all objects with the same M.S.L pressure (hPa) – Very Low, Low, Average,
properties whereas in crisp sets the objects either belong High and Very High; Total Range : 0 to 1020
to the set or otherwise. In practice the characteristic value Relative humidity (%) – Very Low, Low, Average,
for an object belonging to the set  considered  is  coded High and Very High; Total Range : 0 to 100
as 1 and if it does not belong to the set then  the  coding Temperature (°C) – TP1, TP2, TP3, TP4, TP5, TP6,
is  0.  In  fuzzy  sets,  an  object with membership degree TP7; Total Range : 0 to 45
1  belongs  to  the  set  with  no  doubt  and   those  with
0 membership values again absolutely do not belong to The Fuzzy Graphs of above sets are shown in Fig. 1,
the set but objects with intermediate membership degrees Fig. 2 and Fig. 3.

Fig. 1: Fuzzy Set of M.S.L Pressure

Fig. 2: Fuzzy Set of Relative Humidity
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Fig. 3: Prediction of Temperature in Temperature Fuzzy set

Development of Fuzzy Knowledge - Rule Base (FKRB):
FKRB constitute an extension of classical rule-based
system, as they deal with fuzzy rules instead of classical
logic rules. In this approach, fuzzy IF-THEN rules are
formulated and a process of fuzzification, inference and
defuzzification leads to a final decision of  the  system.
The FKRB is then considered as an approach used to
model a system making use of a descriptive language
based on fuzzy logic with fuzzy prediction. The fuzzy rules
used – also called linguistic rules- have the following
structure:

IF X  is A  and ……and X is A THEN Y is B1 1 n n i

With X X  and Y being the input and output linguistic1, ……, n

variables, respectively and A A  and B being1, ……, n

linguistic labels, each one of them having associated a
fuzzy set defining its meaning. Some of the fuzzy Rules of
this FKRB are as follows:

Rule 1: IF M.S.L. Pressure is Very Low and Relative
Humidity is Very High, THEN Temperature is TP3.

Rule 2: IF M.S.L. Pressure is Low and Relative Humidity
is Very High, THEN Temperature is TP3.
Rule 3: IF M.S.L. Pressure is Average and Relative
Humidity is High, THEN Temperature is TP5.

Rule 4: IF M.S.L. Pressure is Very High and Relative
Humidity is Average, THEN Temperature is TP5.

After fuzzification of the parameters, probability of
occurrence of each rule is found out and is formulized into
a Matrix. A total of 19,140 readings of Coastal region were
taken into account and were analyzed to form a matrix
called MASTER MATRIX as shown below : TP5(1, 0.02)
indicates the Rule; IF M.S.L. Pressure is Very Low and
Relative Humidity is Very High, THEN Temperature is
TP5(1,0.02). Here 1 indicates – No. of times this condition
occurred and 0.02 indicates probability with which this
condition occurs. For the same conditions of M.S.L.
Pressure and Relative Humidity, four different conditions

Table 1: Master Matrix-Inland

of Temperature is observed in first cell viz. TP5, TP4, TP3
and TP2. Out of which TP3 is considered to frame the rule
as it has maximum probability.

Prediction of TemperatureUsing Fuzzy Knowledge-Rule
Base: The prediction of Temperature is done from Fuzzy
Knowledge - Rule Base using Fuzzy Min.-max Rule.

For a given data of Relative humidity and M.S.L
pressure, fuzzy set and its membership value is found out.
Viz. here as shown in fuzzy graphs, Relative humidity of
45% will be in fuzzy set  AVG  with  membership  value
0.71 and M.S.L pressure of 998.5 will be in fuzzy set VH
with membership value 0.68.



( ( ) ) 2RMSE = f xi yi
n

∑ − ∧
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Fig. 4: Graph showing Actual temperature Vs. Predicted
Temperature

According to FKRB, the rule fired for the given fuzzy
set of Relative humidity and M.S.L pressure is found out.
Here the rule fired is : IF M.S.L. Pressure is Very High and
Relative Humidity is Average, THEN Temperature is TP5.
Applying fuzzy Min-.Max Rule, its membership value is
found to be 0.68 in TP5. The defuzzification of this
linguistic value of temperature TP6 with membership value
0.68 gives us corresponding predicted temperature. Hence
as shown in Fig.3, the defuzzified value is found out to be
29.5 against the actual value of 28.4.

RESULTS AND DISCUSSION

The  prediction   of  temperature  is  carried  out  for
50 numbers of inland cities. Some of which is given in
table below:

The deviation between Actual and Predicted
temperature is presented in the graphs given in Fig 4 and
Fig 5.

The central 45 degree line shows zero error line and
other two lines on both sides of it represent 10% and 20%
error lines respectively.

Fig. 5: Graph of Variation between Actual and Predicted
temperature for Inland Region

Table 2: Results of Predicted Temperature

Sr. MSL Relative Actual Predicted
No. City Pressure Humidity Temperature Temperature

1 Ahmedabad 1011.1 81 27 27.9
2 Amausi (Lucknow) 1007.6 85 29 25.6
3 Ambikapur 1009 83 26 26.7
4 Amini Devi 1011.3 89 28 23.3
5 Amritsar 1006.8 84 26.8 26
6 Banihal 848.2 82 14.4 20.3
7 Bankura 1008.6 86 28.2 25.1
8 Betal 1009.2 88 24 23.9
9 Buldana 1011.2 85 25.6 25.7
10 Bhuj 1009.7 80 27 28.5

Root Mean Square Error is found out for the results
shown in Table 2. Mathematically, Root Mean Square
Error is given by following Equation:

For the above results, the Root Mean Square Error is
found to be 2.59.

CONCLUSION

In the present paper, Fuzzy set theory has been used
for predicting atmospheric temperature  for  inland  cities
of India from meteorological parameters viz. Relative
Humidity  and  Mean  sea  level pressure. Database of
one  year  comprising  of  19,140 sets of daily
observations of Temperature, Relative Humidity and
Mean  sea  level  pressure  have  been  utilized to
develop a   knowledge  Rule  base  in   Fuzzy  domain.
For M.S.L. Pressure and Humidity 5 Fuzzy sets and for
output variable – Temperature, 7 Fuzzy set viz. 5-5-7
combination is worked out. The results have shown lower
Root mean square error equal to 2.59 for this 5-5-7 fuzzy
sets option.
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