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1. INTRODUCTION

One of the components of the environment that determines the success of plant cultivation is
climate(Shaw, 1988). Extreme climates can be bad for the growth and quality of cultivated crops,
especially seasonal crops such as food crops(Shaw, 1988). One of the climate indicators is rainfall,
rainfall is defined as the amount of water that falls on a flat land surface during a certain period which
is measured in units of height (mm) above the horizontal surface if there is no evaporation, runoof,
and infiltration. The rainfall is one millimeter (1 mm), meaning that it is in an area of one square meter
on a flat place where one millimeter of water is collected(Bertrand, 1965). The amount of rainfall is
very important in determining the yield of crop cultivation(Lobell et al., 2009). Increased rainfall in an
area creates the potential for flooding(Qin et al., 2013).

Simalungun Regency, as one of the rice producing districts in North Sumatra Province, has a
land area of 17.244 kw / ha and has a productivity of 6.5 kw / ha to 6.7 kw / ha. This figure even
exceeds the national rice productivity, namely 5.9 kw / ha to 6.0 kw / ha(Chauhan et al., 2006). Rice
production in Simalungun had dropped in 2011 due to pest attacks, but in 2012 it rose
again(Fadhliani, 2016).

Given the important role of rainfall in determining the planting season to achieve maximum
results in order to meet national food needs, it is necessary to predict future rainfall. The Center for
Research and Development of the Meteorology, Climatology and Geophysics Agency (BMKG)
explained that BMKG forecasts rainfall using the Ensemble Meandan Ensemble Bayesian Model
Averaging (EBMA) method. The results of forecasting with this method are validated by the Taylor
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diagram to see the goodness of the forecasting results(Anderson, 1996). The results of the Taylor
diagram show that the ensemble-me-ensemble BMA technique does not always provide the best
accuracy.

ARIMA (Autoregressive Integrated Moving Average) method is a periodic series data modeling
method(Nelson, 1998). Forecasting using the ARIMA model assumes that the data used are linearly
related(Fattah et al., 2018). The data assumption is linearly related to the ARIMA model characterized
by residual values that are normally distributed and white noise. In fact, there are extreme weather
conditions in Simalungun. Data modeling that contains extreme values using the ARIMA model
causes the residual value to not be normally distributed and white noise(Mahan et al., 2015).

In this study, the Autoregressive Integrated Moving Average (ARIMA) method is used for
forecasting rainfall in Simalungun Regency. The use of the ARIMA method is used for a linear
approach to rainfall data(Somvanshi et al., 2006). The results of this study are expected to be a more
accurate approach to forecasting rainfall in Simalungun Regency.

2. RESEARCH METHOD
2.1 Climate

Climate is a state of the average weather in an area in a certain period. Rainfall is the amount
of rain that falls in an area at a certain time(Dore, 2005). To find out the amount of rainfall a rainfall

gauge is used, called a Rain Gauge(Wood et al., 2000).

2.2 Data

Information or illustrations about something can be in the form of categories, for example:
damaged, good, happy, satisfied, successful, failed and so on, or it can be in the form of
numbers(Mumford, 2006). All of these are called data or statistical data completeness.

According to its nature, data can be classified into two, namely:

a. Qualitative data, namely data that is presented in the form of words that contain meaning (not in
the form of numbers)(Leech & Onwuegbuzie, 2007).

b. Quantitative data, namely data that is presented in the form of numbers.Based on how to obtain
it, data can be divided into two, namely(Firdaus et al., 2020):

e Primary data, namely data that is collected by individuals or an organization directly from the
object under study and for the purposes of the study concerned, which can be in the form of
interviews or observations(Swanborn, 2010).

e Secondary data, namely data obtained / collected and compiled by previous studies data
published by other agencies(Leech & Onwuegbuzie, 2008).

e Secondary data, namely data obtained indirectly from the object under study, usually the
data is obtained from third parties either from the object individually (respondent) or from an
entity that deliberately discloses facts to a second party so that the second party exploits the
facts in question. in mass media or other media, for later the data (facts) are reused by the
researcher as a reference in writing.

Based on the collection technique, the data are classified into two, namely:

a. Cross section data, is an event that is collected at a certain time to describe the situation and
activities at that time(Beck et al., 1998). For example, research data using a questionnaire.

b. Time series / periodic data is data that is collected from time to time to see the development of
an event / activity during that period, for example, developments in circulation(Nerlove et al.,
2014).

The data according to the source is divided into two namely:

a. Internal data, namely data that describes the situation in an organization (an agency) which is
used for its own purposes(Khan et al., 2014).

b. External data, namely data obtained from outside for the purposes of an agency
(institution)(Jubb, 1999).

2.3 Forecasting

Forecasting is a technique for predicting conditions in the future based on both past and present

conditions. Based on the period, forecasting is divided into 3 forms:

a. Short Term (Short Term)
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Short-term forecasting includes a period of time from days, weeks, to months. Historical data is
very relevant in this forecast, because the forecast period is very short(Fan & Chen, 2006). An
example of short-term forecasting is forecasting product sales for the next month.

Medium Term

Medium-term forecasting covers the period from one season (quarter, quarter, or other) to the
next two years. In medium-term forecasting, historical data are still considered
relevant(Kurawarwala & Matsuo, 1998). One example of medium-term forecasting is forecasting
the production budget.

Long Term

Past data are less relevant in long-term forecasting(Ardakani & Ardehali, 2014). This is due to
long-term forecasting covering the next two years or more. In stock price forecasting, long-term
forecasting usually uses fundamental analysis and intuition.

2.4 The Box — Jenkins Classification Model
The Box — Jenkins model is grouped into three groups, namely:

a.

Autoregressive Model (AR)

The Autoregressive (AR) model was first introduced by Yule (1926) and later developed by
Walker (1931) The AR (Autoregressive) model in the order p states that observations at time t
are linearly related to previous observations of time (t - 1), (t - 2),..., (t - p). The form of the
equation function for the AR model in the order p is stated as follows:

The general equation of the ARIMA model (p, O, 0):

XE = FI' + ‘-D-]_XE_-]_ + EDZXE—Z + -+ EDFJXE—;' 5 (1)

with:

= Vi )e of data in a period t

= C# istant Value

= lamAutoregressive parameter

= E=or value at time t
Moving Average (MA) Model
The Moving Average (MA) model was first used by Slutzky (1937). However, it was Wold (1938)
who produced the theoretical underpinnings and combined process of ARMA. Wold established
an ARMA model that was developed in three directions - efficient identification and assessment
procedures (for mixed AR, MA and ARMA processes), expanding these results to include
seasonal time series and a simple development that includes non-stationary processes[24].
(non-stationary processes) and is useful for explaining an observation when t is expressed as a
linear combination of a number of residuals. The form of the equation function for the MA model
in the order q is stated as follows:

ARIMA (0, 0, q) -

XE = H + EE - H]EE_]_ - 9291_2 — = qu' (2)

with:

: Ve 82 .. 8/erage Parameters

D eleg 2 at time of tq
Mixed Model Autoregressive Moving Average (ARMA)
ARMA model is a combined model between AR (Autoregressive) and MA (Moving Average)
models which are sometimes written in ARMA (p, q) notation. The form of the ARMA model
function in the order p and q is denoted as follows:
ARIMA (1,0, 1)

XE = p_" + {D'IXE—'I + e — B'IEE—'I (3) ......................................................

Autoregressive Model Integrate Moving Average (ARIMA)
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The ARIMA model (p, d, q) was introduced by Box and Jenkins (1976) where p is the operator
order of AR, d is the differencing order and q is the operator order of MA. This model is used for
stationary time series data after d times of differencing, namely by calculating the difference
between observations and previous observations where the form of the equation for the ARIMA
model is as follows:
ARIMA (1,1, 1)

(1 — B)(l — ([J.l B)XE = p_" + (1 — 913 ................................................

with:
:Fl1-8)  erence
An-oB),
Mi-ae
3. RESULTS AND DISCUSSIONS
The data analyzed in this study is rainfall data in Simalungun Regency in July 2012-June 2017, can

be seen in Table 1 as follows:
Table 1. Rainfall Data in Simalungun Regency

RAINFALL (MM)

2012 - 2013 - 2014 - 2015 - 2016 -

MONTH 2013 2014 2015 2016 2017

July 291 133 159 84 204
August 143 235 186 204 197
September 340 221 235 236 248
October 204 427 401 211 312
November 285 392 194 403 220
December 230 560 266 102 145
January 480 57 148 90 103
February 367 119 56 237 183
March 208 115 139 274 198
April 386 309 211 341 324
May 246 347 339 221 265
June 93 115 132 153 130

Source: Statistics Indonesia (BPS) North Sumatra Province
To see the seasonal effect, a seasonal test is carried out according to the theoretical basis as
follows:

2
R — (E;‘=1JFE')
Y E::‘:='l ni
with:
Ry = Sum of squares (JK) for mean

Ji = The number of observed values
ni = trial sample size

obtained:

R = (3.273 +3.030 + 2.466 + 2.556 + 2.529)%
¥ 60

R = (13.854)
YT 60

R, = 3.198.889.,6

3.1 Rainfall Data Analysis
The ARIMA model assumes that the data used is stationary with respect to variance and means,
therefore the initial stage of forming the ARIMA model is to check the stationarity of the data against
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variance and means. The time series plot of rainfall data for Simalungun Regency is shown in the
following figure:

Time Series Plot of Curah Hujan

Curah Hujan

o4
Month  Jul Jan Jul Jan Jul Jan Jul Jan Jul Jan
Year 2012 2013 2014 2015 2016 2017

Figure 1. Time series plot of Rainfall Data in Simalungun Regency

Time series plot of rainfall data in Simalungun Regency is not stationary to variance. This can be
seen from the volatile data fluctuation. For more details, the box-cox parameter will be estimated.
3.2 Selection of the Best ARIMA Model

The selection of the best model in this study uses the MSE, RMSE and MAPE criteria. The best
model is the model with the smallest MSE, RMSE, and MAE values calculated from the out-sample
data. From the comparison of the MSE values of the three models, the best model is ARIMA (2, 0.2)
because it has the smallest MSE value in the out-sample data. The comparison of the MSE, RMSE,
and MAPE values for the outsample data from the three models is described in Table 1

Table 1. Comparison of the Goodness of ARIMA Models

ARIMA Model  MSE RMSE MAPE
(2,0, 2) 0.0334 0.1828 -0.0080
(3,0, 3) 0.0433 0.2081 -0.0106
4,0, 1) 0.0645 0.2540 -0,0210

3.2 Forecasting Using the Box-Jenkins ARIMA Model
The mathematical equations built from the ARIMA (2, 0, 2) model are as follows:

Xe=p+D, X, +D X, , — e, —bie_,+e

Based on the calculation of the formula, the predicted value of the amount of rainfall in
Simalungun Regency in the 61st period or in July 2017 is 141 mm. In the same way, the calculation
of the forecast value of the amount of rainfall for the period 62 to 72 or until June 2018 is also carried
out. The results obtained are shown in Table 2.

Table 2. Values of Rainfall Forecast in Simalungun Regency for Model (2, 0, 2) for the period July
2017 to June 2018

Year T Month Forecast
61 July 141

62 August 216

63 September 312

64 October 302

65 November 200

2017 - 66 December 136
2018 67 January 149
68 February 236

69 March 323

70  April 286

71 May 182

72 June 132
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4. CONCLUSION
From the description in the previous discussion chapter, the use of the Box-Jenkins method in
predicting rainfall in Simalungun Regency can be concluded as follows: a) Rainfall data in
Simalungan district from July 2012 to June 2017 which is used to forecast rainfall for the next 12
periods shows the following characteristics: The data plot shows that the data is not stationary, The
partial autocorrelation plot shows that the data is stationary with a rapidly decreasing trend towards
zero, The time series plot shows that the data has no seasonality, as seen from the graph that does
not have any lag period. b) The forecasting model chosen to predict rainfall in Simalungun Regency
for the next 12 periods is the ARIMA (2, 0, 2) model which has the following forecasting equation:
Xe=p+ DXy + DX —O1e0y —Orepp + e
Xﬂ = 4,05668 + (0,94‘16)X|&__1 + (_1,003 g)Xﬂ_z

—(0,8558)e,_y — (—0,9617)e,op + &
X.l_ = 4,05668 + 0,94'16 Xﬂ—‘l - 1,0039}({_2

_0,855881_1 + 0,961?3{_2 + -
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