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Fuzzy Time Series Forecasting Using Percentage
Change as the Universe of Discourse

Meredith Stevenson and John E. Porter

Abstract—Since the pioneering work of Zadeh, fuzzy set theory
has been applied to a myriad of areas. Song and Chissom introduced
the concept of fuzzy time series and applied some methods to the
enrollments of the University of Alabama. In recent years, a number
of techniques have been proposed for forecasting based on fuzzy set
theory methods. These methods have either used enrollment numbers
or differences of enrollments as the universe of discourse. We propose
using the year to year percentage change as the universe of discourse.
In this communication, the approach of Jilani, Burney, and Ardil is
modified by using the year to year percentage change as the universe
of discourse. We use enrollment figures for the University of Alabama
to illustrate our proposed method. The proposed method results in
better forecasting accuracy than existing models.

Keywords—Fuzzy forecasting, fuzzy time series, fuzzified enroll-
ments, time-invariant model

I. INTRODUCTION

The initial work of Zadeh concerning fuzzy set theory has
been applied to a several diverse areas. Song and Chissom [17]
introduced a theory for fuzzy time series and applied fuzzy
time series methods [18], [19] that modeled the enrollments
of the University of Alabama. In recent years, a number of
techniques have been proposed for forecasting based on fuzzy
set theory methods. Fuzzy forecasting methods have been used
to model enrollment data for the University of Alabama ([1],
[2], [3], [4], [5], [6], [7], [9], [15], [16], [18], and [19]), daily
temperatures ([13]), and car fatalities ([8] and [10]).

Instead of using actual enrollments, Hwang, Chen, and Lee
[7] and Sah and Degtiarev [15] proposed using year to year
differences of the enrollments of the University of Alabama
for the universe of discourse in their fuzzy forecasting methods
producing better forecasting accuracy than those of Song
and Chissom [18], [19]. While differences of enrollments
can provide better forecasting accuracy, differences alone
lack context for which the increase or decrease occured. For
example, an increase of 100 students is treated the same
whether the increase occured within a pool of 500 students
or one with 50,000 students. With this possible shortcoming
in mind, we propose using the percentage change of year to
year enrollments as the universe of discourse. In Section 2,
we modify the method Jilani, Burney, and Ardil [9] replacing
the universe of discourse with the percentage change of year
to year enrollments. In Section 3, we compare the proposed
forecasting model with existing methods, and concluding
remarks are provided in Section 4.
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II. A NEW METHOD FUZZY TIME SERIES
FORECASTING METHOD

In this section, we modify the Jilani, Burney, and Ardil’s
[9] method for modeling the enrollments of the University of
Alabama based fuzzy time series forecasting methods. Instead
of using actual enrollments for the universe of discourse, we
propose using the percentage the enrollment changed from
year to year for the universe of discourse. The enrollments of
the University of Alabama under consideration may found in
Tables IV and V.

Step 1: Define the universe of discourse U and partition it
into intervals u1, u2, ..., un of equal length. The percentage
change of enrollment from year to year is given in Table I
and ranges from -5.83% to 7.66%. For example, take the
universe of discourse to be U = [−6, 8] and partition U into
seven equal intervals.

TABLE I
THE YEAR-TO-YEAR PERCENTAGE CHANGE OF ENROLLMENTS

Year to Year Change
1971-1972 3.89%
1972-1973 2.24%
1973-1974 5.98%
1974-1975 5.20%
1975-1976 -0.96%
1976-1977 1.91%
1977-1978 1.65%
1978-1979 5.96%
1979-1980 0.67%
1980-1981 -3.14%
1981-1982 -5.83%

Year to Year Change
1982-1983 0.41%
1983-1984 -2.27%
1984-1985 0.12%
1985-1986 5.41%
1986-1987 5.47%
1987-1988 7.66%
1988-1989 4.52%
1989-1990 1.89%
1990-1991 0.05%
1991-1992 -2.38%

Step 2: Find the density based distribution of the year to year
percentage change by sorting the data into the corresponding
intervals shown in Table II. Then determine the number of
percentage data that falls into each interval. Table II contains
the density based distribution of the percentage data displayed
in Table I with seven intervals.

Find the interval having the largest number of percentage
data and divide it into four sub-intervals of equal length.
Next, divide the interval having the second largest number of
percentage data into three sub-intervals of equal length. The
interval having the third largest number of percentage data
should be divided into two sub-intervals of equal length. Let
all subsequent intervals remain unchanged in length.

After completing this step, the universe of discourse is
divided into the intervals shown in Table III.
Step 3: Define each fuzzy set Xi based on the re-divided
intervals and fuzzify the historical enrollments shown in
Table I, where fuzzy set Xi denotes a linguistic value of the
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TABLE II
FREQUENCY DENSITY BASED DISTRIBUTION OF YEAR-TO-YEAR

PERCENTAGE CHANGE DATA

Intervals Number of Data
[−6.0,−4.0] 1
[−4.0,−2.0] 1
[−2.0, 0.00 ] 2
[ 0.00, 2.00 ] 7
[ 2.00, 4.00 ] 3
[ 4.00, 6.00 ] 6
[ 6.00, 8.00 ] 1

TABLE III
FUZZY INTERVALS USING FREQUENCY DENSITY BASED PARTITIONING

Linguistic Intervals
X1 [−6.0,−4.0]
X2 [−4.0,−2.0]
X3 [−2.0, 0.00 ]
X4 [ 0.00, 0.50 ]
X5 [ 0.50, 1.00 ]
X6 [ 1.00, 1.50 ]
X7 [ 1.50, 2.00 ]
X8 [ 2.00, 3.00 ]
X9 [ 3.00, 4.00 ]
X10 [ 4.00, 4.67 ]
X11 [ 4.67, 5.33 ]
X12 [ 5.33, 6.00 ]
X13 [ 6.00, 8.00 ]

year to year percentage change represented by a fuzzy set.
As in [9] we use a triangular membership function to define
the fuzzy sets Xi [10].

Step 4: Defuzzify the fuzzy data using the forecasting
formula (see [9])

tj =
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where aj−1, aj , aj+1 are the midpoints of the fuzzy intervals
Xj−1, Xj , Xj+1 respectively. tj yields the predicted year
to year percentage change of enrollment. Use the predicted
percentage on the previous year’s enrollment to determine the
forecasted enrollment. The forecasted enrollment is provided
in Table IV.

III. A COMPARISON OF DIFFERENT
FORECASTING METHODS

As in [9], we use the average forecasting error rate (AFER)
and mean square error (MSE) to compare the forecasting
results of different forecasting methods:

AFER =
|Ai − Fi|/Ai

n
× 100%

MSE =

n∑
i=1

(Ai − Fi)2

n

where Ai denotes the actual enrollment and Fi denotes the
forecasting enrollment of year i, respectively.

In Table V the forecasting results of the proposed method
is compared with that of the existing methods. From Table III,
we can see that when the number of intervals in the universe
of discourse is thirteen and the intervals are subpartitioned
based on frequency density, the proposed method produces
the smallest values of the MSE and AFER as compared
to other methods of fuzzy time series forecasting. That is,
the proposed method can produce a better accuracy when
forecasting enrollments than the existing methods.

IV. CONCLUSION

Fig. 1. A comparison between the proposed method and Jilani, Burney, Ardil
[10]

In this communication, we modified Jilani, Burney, and
Ardil’s approach to modeling enrollments using year to year
percentage change as the universe of discourse. From Table
V, one sees that the proposed method provides the smallest
AFER and MSE and improves on other methods using fuzzy
time series forecasting methods. For future work, we will focus
on how well these methods predict future enrollments.
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TABLE IV
FORECASTING RESULTS OF THE PROPOSED MODEL
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2 |Ai − Fi|

Ai
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