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Forecasting is an activity to get an estimate of the value that will forecasting
appear in the future by paying attention to past events. by
Forecasting can be used as decision support in determining a e

policy in various fields. Forecasting can be done using statistical
methods such as regression analysis, trend analysis, MA, and
ARIMA. In this paper, the fuzzy time series markov chain method
will be forecast which will be applied to rice production data in
D.l. Yogyakarta Province. The fuzzy time series markov chain
method was chosen because it does not need to meet certain
assumptions so that the fuzzy time series markov chain can be
applied to time series data with stationary and non-stationary
patterns. This study aims to analyze fuzzy time series markov
chain for rice production forecasting. This study uses time series
analysis. The data used in this research is secondary data. The
data used in this study is data on rice production in D.I.
Yogyakarta Province in 1970-2017 taken from the website
www.pertanian.go.id. Historical data consists of 48 data. Solving
this research problem using fuzzy time series markov chain
method. The results of the study show that forecasting with 11
fuzzy sets is declared the best forecast with a mean absolute
percentage error of 4.156%.

|. Introduction

Background is the basis or starting point to provide an understanding to the reader or
listener about what we want to convey. Based on its understanding, the background is a brief
explanation of the topic or object of research, as well as an explanation of the reasons why
the chosen topic is important to discuss.

Forecasting is an activity to get an estimate of the value that will appear in the future by
paying attention to past events. Forecasting can be used as decision support in determining a
policy in various fields. Forecasting can be done using statistical methods such as regression
analysis, trend analysis, MA, and ARIMA. According to Song and Chissom (1993), these
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methods will fail in the process when used on historical data in the form of linguistic values.
Data with linguistic value in question is data that is not in the form of real numbers
containing elements of uncertainty such as "low", "medium", "high", "weak", "strong", and
the like. Therefore, to overcome this problem, a method is developed, namely fuzzy time
series. Fuzzy time series uses the concept of fuzzy logic to translate these linguistic values
into firm values.

The fuzzy time series method at the beginning of its emergence was used to predict
student admissions at the University of Alabama with time variant and time invariant models
(Song and Chissom, 1993). Then the simpler fuzzy time series method, namely arithmetic
operations and fuzzy logical relationship group, was proposed by Chen (1996) and can
provide better forecasting results to predict student admissions at the University of Alabama.
Research using the fuzzy time series markov chain method was first proposed by Tsaur
(2012) to predict the exchange rate of the Taiwanese currency against the US Dollar. From
this research, it is found that the fuzzy time series markov chain method provides a better
level of accuracy when compared to the previous method.

In this paper, the fuzzy time series markov chain method will be forecast which will be
applied to rice production data in D.l. Yogyakarta Province. The fuzzy time series markov
chain method was chosen because it does not need to meet certain assumptions so that the
fuzzy time series markov chain can be applied to time series data with stationary and non-
stationary patterns. In addition, in the fuzzy time series markov chain method, adjustments
are made to the forecast value so that the forecast value can approach the actual data pattern.

In the fuzzy time series markov chain method, there are no rules that limit the
determination of the number of fuzzy sets used or in other words the number of fuzzy sets
depends on the researcher. The difference in the number of sets can affect the fuzzy logical
relationship and fuzzy logical relationship group so that it affects the forecasting results.
Therefore, in this paper, we will forecast the fuzzy time series markov chain method with a
number of different fuzzy sets, namely 7, 9, 11, and 13 fuzzy sets to determine the number of
fuzzy sets that provide the best forecasting results for forecasting rice production in Indonesia
D.l. Yogyakarta Province.

The purpose of the research is that data can be found, developed, and proven.
Meanwhile, the results of the research will gain new knowledge so that it can be used to
understand, solve, and anticipate problems. The purpose of a study can be to identify or
describe a concept or to explain or predict a situation or solution to a situation that indicates
the type of study to be conducted. The research objective is a discussion of the formulation in
the research sentence which shows the results obtained after the research process is
completed. Where the process of making writing in this purpose is based on the problems that
have been presented in the background. This study aims to analyze fuzzy time series markov
chain for rice production forecasting.

1. Research Method

Research methods are steps taken by researchers to collect data or information to be
processed and analyzed scientifically. In terms of type, research methodology basically has
three benefits (Asyraini et al., 2022; Octiva, 2018; Pandiangan, 2015). First, gaining new
knowledge or discoveries. Second, it can be used to prove or test the truth that already exists.
Third, it helps in developing richer and more knowledge. Research should have the following
characteristics research should be systematic. Research must be objective and rational.
Research must have a use or benefit. Research has two main characteristics, namely scientific
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and sustainable. Research is said to be scientific because it is carried out through systematic
procedures and objective fact-finding. Meanwhile, in terms of sustainability, research is a
continuous process.

This study uses time series analysis. Time series analysis is the process of modeling and
describing a time-dependent sequence of data points (Octiva et al., 2018; Pandiangan, 2018).
The purpose of this method is to extract all useful information from the data set. This
information is used to create and model future forecasts. The advantage of time series data is
its ability to estimate, predict and estimate the value of data in the next period based on
previous data. In addition, time series data can also be used to estimate previous time data
with available time series data (Jibril et al., 2022; Pandiangan et al., 2018; Pandiangan, 2022).

The data used in this research is secondary data. Secondary data is data taken through
intermediaries or parties who have collected the data previously, in other words the
researcher does not directly take the data himself into the field (Octiva et al., 2021;
Pandiangan et al., 2021; Pandia et al., 2018). Primary data is usually always specific because
it is tailored to the needs of the researcher (Pandiangan et al., 2022; Tobing et al., 2018). The
data used in this study is data on rice production in D.l. Yogyakarta Province in 1970-2017
taken from the website www.pertanian.go.id. Historical data consists of 48 data.

Solving this research problem using fuzzy time series markov chain method. Fuzzy
time series method with markov chain, the merger aims to obtain the largest probability using
a transition probability matrix. The fuzzy time series markov chain method provides a fairly
good accuracy compared to the fuzzy time series method. The fuzzy time series method at the
beginning of its emergence was used to predict student admissions at the University of
Alabama with time variant and time invariant models (Song and Chissom, 1993). Then the
simpler fuzzy time series method, namely arithmetic operations and fuzzy logical relationship
group, was proposed by Chen (1996) and can provide better forecasting results to predict
student admissions at the University of Alabama. Research using the fuzzy time series
markov chain method was first proposed by Tsaur (2012) to predict the exchange rate of the
Taiwanese currency against the US Dollar. From this research, it is found that the fuzzy time
series markov chain method provides a better level of accuracy when compared to the
previous method. The fuzzy time series markov chain method was chosen because it does not
need to meet certain assumptions so that the fuzzy time series markov chain can be applied to
time series data with stationary and non-stationary patterns. In addition, in the fuzzy time
series markov chain method, adjustments are made to the forecast value so that the forecast
value can approach the actual data pattern.

I11. Discussion

3.1 Research Overview

The Special Region of Yogyakarta (Javanese: Dhaérah Istiméwa Ngayogyakarta) is a
Special Region at the provincial level in Indonesia which is the fusion of the Sultanate of
Yogyakarta and the Duchy of Paku Alaman. This Special Region, which has an area of
3,185.80 km2, consists of one municipality, and four districts, which are further divided into
78 sub-districts and 438 urban villages. According to the 2010 population census, it has a
population of 3,452,390 with a proportion of 1,705,404 men and 1,746,986. women, and has
a population density of 1,084 people per km2.

DIY is located in the south-central part of Java Island, geographically it is located at 8°
30" - 7° 20" South Latitude, and 109° 40' - 111° 0' East Longitude. Based on the landscape, the
DIY region can be grouped into four physiographic units, namely physiography of Merapi
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Volcano, physiographic unit of Sewu Mountains or Thousand Mountains, physiographic unit
of Kulon Progo Mountains, and Lowland physiographic unit.

The data used in this study is data on rice production in D.l. Yogyakarta Province in

1970-2017 taken from the website www.pertanian.go.id. Historical data consists of 48 data.
The pattern of rice production data can be seen in Figure 1.
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Figure 1. Rice Production in D.l. Yogyakarta Province, 1970-2017
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3.2 Application of Fuzzy Time Series Markov Chain
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Forecasting steps using the fuzzy time series markov chain method are:

Determine the set of universes.

Divide the universal set U into several parts with equal intervals.

Defining fuzzy sets in the universal set U.

Fuszzification of historical data. The historical data is then categorized into the
appropriate fuzzy sets, based on pre-established intervals.

Determine the fuzzy logical relationship and fuzzy logical relationship group.

The final forecast value of rice production can be seen in Table 1, the 6th column. For

forecasting one period ahead, the prediction of the value of rice production in 2018 is
881,106 tons.

Table 1. Initial Forecasting Value of Fuzzy Time Series Markov Chain

Number Year Actual Data Early_ Adj. Final
Forecasting Value Forecast

1 1970 280,863 # 0 #

2 1971 326,556 328,377.714 0 328,377.714
3 1972 315,480 358,839.714 0 358,839.714
4 1973 338,934 351,455.714 0 351,455.714
5 1974 410,755 367,091.714 95,071.429 462,163.143
6 1975 412,857 417,081.071 0 417,081.071
7 1976 373,415 418,132.071 -95,071.429 323,060.643
8 1977 338,614 390,079.048 0 390,079.048
9 1978 423,168 366,878.381 95,071.429 461,949.810
10 1979 405,385 423,287.571 0 423,287.571
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45 2014 919,573 921,824.000 0 921,824.000

46 2015 945,136 919,573.000 0 919,573.000

47 2016 882,702 945,136.000 0 945,136.000

48 2017 881,106 882,702.000 0 882,702.000
Prediction

49 2018 881,106.000 0 881,106.000

3.3 Testing the Effect of the Number of Fuzzy Sets

Testing the effect of the number of fuzzy sets is carried out to see the results of
forecasting the fuzzy time series markov chain method for each number of different fuzzy
sets as a comparison parameter. The test is done by comparing the mean absolute percentage
error of each number of fuzzy sets. Better forecasting results are indicated by a smaller mean
absolute percentage error. In this test, rice production forecasting is carried out using the
fuzzy time series markov chain method with 7, 9, 11, and 13 fuzzy sets. The results of testing
the effect of the number of fuzzy sets are shown in Table 2.

Table 2. Mean Absolute Percentage Error Value Based on the Number of Fuzzy Sets

Mean
Number of Forecasting Absolute
Percentage
Fuzzy Sets Results E
rror
Value
7 881,106.000 4.929%
9 881,106.000 4.605%
11 864,068.667 4.156%
13 869,511.538 3.929%

The mean absolute percentage error generated varies according to the number of fuzzy
sets used. This shows that the number of fuzzy sets has an influence on forecasting with the
fuzzy time series markov chain method in predicting rice production. The smallest mean
absolute percentage error generated is 3.929% obtained from forecasting with 13 fuzzy sets,
while the mean absolute percentage error value generated from forecasting with 7, 9, and 11
fuzzy sets is 4.929%, 4.605%, and 4.156%. This shows that forecasting using 13 fuzzy sets
provides better performance than using the number of other fuzzy sets, but forecasting fuzzy
time series markov chain with 13 fuzzy sets can only predict one period ahead. If it is used to
predict two or more future periods, it will give the same forecasting results. This happens
because the last sequence of data has a fuzzy logical relationship group one to one so that the
forecast value generated is the previous data. Forecasting that can only be done one period
ahead also occurs in forecasting with 7 and 9 fuzzy sets. Meanwhile, in forecasting with 11
fuzzy sets, forecasting can be carried out more than one period ahead because the last
sequence of data is included in the one-to-many fuzzy logical relationship group so that the
resulting forecast value is more varied. Therefore, although forecasting fuzzy time series
markov chain with 11 fuzzy sets has a higher mean absolute percentage error when compared
to forecasting fuzzy time series markov chain with 13 fuzzy sets, forecasting fuzzy time
series markov chain with 11 fuzzy sets can provide forecasting results that are not only
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limited to one period ahead. Among the forecasts with the number of different fuzzy sets,
forecasting with 11 fuzzy sets is declared the best forecast with a mean absolute percentage
error of 4.156%.

1VV. Conclusion

The results of the study show that forecasting with 11 fuzzy sets is declared the best
forecast with a mean absolute percentage error of 4.156%.
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