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Abstract— Salt is one of the most important
commodities for domestic use and as a raw
material for industry. It is essential to make
an estimate salt requirement to meet them
appropriately. The purpose of the study wasto
estimate salt needs using the time series
forecasting method and to identify the most
effective technique for salt needs forecasting.
Forecasting analysis uses Naive, Moving
Average, Weighted Moving Average,
Exponential Smoothing, Exponential
Smoothing with Trend, and Trend Projection
methods. Forecasting accuracy is tested using
MAD, MSE, and MAPE. Based on the results,
the Trend Projection isthe most effective time
series forecasting technique for predicting salt
requirements. This method was selected due
to its lowest error rate value (MAD of 0.16,
M SE of 0.04, and M APE of 4.28%) compared
to other methods. According to projected
estimates, the amount of salt required in 2024
would be 4.86 million tons.

Keywords. Forecasting, Time Series, Trend
Projection, Exponential
Smoothing, Moving Average,
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l. INTRODUCTION

Sat is a srategic and essential
commodity as a staple for household
consumption and as an industria raw material.
Salt functions as a preservative, flavor enhancer,
as well as to improve the appearance and texture
of food (Noviasari et a., 2023). According to
Akbar et al. (2023), the national salt demand will
reach more than 4 million tons in 2022. Based
on the sat baance from the Coordinating
Ministry for Economic Affairs processed by
BPS, the total nationa salt demand in 2022 will
reach 4.5 million tons. A tota of 3.7 million tons
of sat is used as raw materias and industria
auxiliary materials. Industrial sectors that use salt

include: chlor-alkali plants (cap), various foods,
fish salting, tanning, mining, animal feed, water
treatment, soap and detergent, pharmaceuticals
and cosmetics, as well astextiles and others.

The demand for sat in Indonesia has
increased every year. According to Putri &
Sugiarti (2021), As the population grows and
industrialization advances, so does the demand
for salt more increasing. Data from BPS, the
Ministry of Industry, and PT Garam show that
the national salt demand increased from 2011 to
2021, from 3.2 million tonsin 2011 to 4.6 million
tons in 2021. The demand for sdlt is generaly
risng, yet occasionally decrease from the
previous year. For instance, the demand for salt
fell by 0.9 million tons from 2021 to 4.51 million
tonsin 2022.

The national sat demand must be
predicted so that the government can prepare
production and reserves to meet these needs.
Prediction of sat needs can be done by
forecasting future needs based on data from
previous years. Forecasting is essential to support
decisions such as inventory management,
production planning, procurement, and others
(Pritularga et al., 2023). Meanwhile, according to
Arnold et a. (2012), forecasting is used for
business drategic plans, production plans, and
production master schedules. And according to
Puspita (2023), forecasting is one way to control
production. Forecasting is a method of estimating
the future using data from the past. Forecasting is
both a science and an art of understanding the
prediction of future events (Heizer et al., 2017).
Forecasting is a computational anayss
methodology that employs both qualitative and
guantitative methodologies to predict future
events utilizing future data references to reduce
effect uncertainty. Forecasting can be used for
short-, medium-, and long-term planning.
(Maretania et al., 2021). According to Badi’ah &
Handayani (2020), forecasting is used as atool in
effective and efficient planning, as well as to
determine future resource needs and to make
informed decisions.
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Hernadewita et al., (2020), forecasted
generic drug sdles using the time series
forecasting method obtains the results of
forecasting generic drug sales for the next period.
Kusuma et d. (2020), sad that the Linear
Exponential  Smoothing approach is a more
accurate way to predict batik sales than the
forecasting method used by batik managers.
Nadhira et al. (2021), compared the demand
forecasting of Softex 1400-M using the Single
Exponential  Smoothing and Single Moving
Average methods. The findings demonstrate that
the Single Moving Average approach is the most
effective one with a MAPE of 12.82%. Demand
forecasting can support to prevent excess or
shortage of product stock. Meanwhile, Samosir et
a. (2022) forecasted to determine the need for
drugs to improve services using the Trend
Projection method. Asyrof-H & Rahmawati
(2023), used the Exponentid Smoothing,
Weighted Moving Average, and Single Moving
Average methods to predict the demand for
delivery services. According to the results, the
Single Exponential Smoothing approach was the
most effective since it produced the most
accurate results with the smallest MAPE was
5.48. Meanwhile, Tamtama & Riantisari (2024)
forecasted the demand for car washes using the
Exponential Smoothing, Single Moving Average,
and Weighted Moving Average methods, with
the smallest MAPE result being the Weighted
Moving Average method where the MAPE value
is 21.41%. Several studies using forecasting
methods show that the difference in forecasting
objects and data influences the difference in the
selection of the most appropriate method.
Therefore, in conducting forecasting, it is
necessary to test several forecasting methods to
get the best results.

Previous research related to forecasting
salt includes forecasting the price, production,
demand, and sales of salt. The research was only
conducted on micro sectors such as companies or
certain regions. As well as Habibi &
Riksakomara (2017), forecasted the price of salt
for consumption a PT. Garam Mas uses
Artificid  Neural  Network  Feedforward-
Backpropagation. Mahrus et a. (2021),
forecasted the quantity of salt produced in
Madura using the Double Moving Average and
Exponential  Smoothing methods. Badi’ah &
Handayani (2020), analysed the forecast of
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demand for iodized consumption salt products in
UD Garam Samudra using Linear Regression,
Exponential  Smoothing, Moving Averages,
Weighted Moving Averages, and Naive Method.
Sari et a. (2022), used the Least Squares
approach to forecast salt sales in CV. Satindo
Megajaya. This study used time series
forecasting methods (Naive Approach, Moving
Averages, Weighted Moving  Averages,
Exponential Smoothing, Exponential Smoothing
with Trend Adjustment and Trend Projections) to
forecast the National salt demands. The purpose
of this study is to find the most effective time
series forecasting method for projecting future
national salt demands.

. RESEARCH METHOD

Forecasting is the beginning of a plan.
Before planning, forecasting must be done to
know what will happen over the next few periods
(Arnold et a., 2012). According to Kusmindari et
a (2019), forecasting is a process to predict
several future needs. Forecasting uses historical
data to project it into the future with
mathematical models. Forecasting is carried out
with two approaches, namely (1) quantitative
forecasting uses a variety of mathematical
models derived from associative variables or
historical data, and (2) qualitative forecasting
incorporates elements like value systems,
emotions, personal experiences, and intuition in
decision-making (Heizer et a., 2017).

This study employs a quantitative
forecasting methodology based on time series.
The time series forecasting method makes
estimates based on past data. When there is little
variation in the fundamental demand pattern from
year to year, this approach is very suitable
(Chopra & Meindl, 2016). According to, Luciano
& Yuliarty (2020), the time series method is
concerned with the value of a variable that is
arranged periodically throughout the time in
which demand forecasting is projected, for
example weekly, monthly, quarterly and yearly.
Time series quantitative forecasting method
according to Heizer et al. (2017) includes:
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1. Naive Approach

The nave approach is the most
straightforward  forecasting method that
assumes that demand will be the same in the
future as it is now (Heizer et al., 2017). This
approach is the most objective and cost-
efficient forecasting method Hernadewita et a
(2020).

Demand in the following period =
Demand in the  current period

D

. Moving Average (MA)

Moving averages is forecasting method that
predict the upcoming period by averaging the
values of previous data from multiple recent
periods. If it is expected that market demand
is constant over time, this strategy can be
helpful. The following is the mathematica
expresson for a simple moving average
(Hernadewita et al., 2020; Heizer et al., 2017):

Edi np np
m

MA =
)

Where n is the moving average's number of
periods.

. Weighted Moving Average (WMA)
Weighted moving average is a forecasting

method used when a trend or pattern is
identified; weighting allows the most recent
number to be given greater weight. By giving
greater weight to more recent periods, this
strategy improves the forecasting technique's
responsiveness to changes. A moving average
with weighting can be mathematicaly
represented as follows (Hernadewita et d.,
2020; Heizer et d., 2017):

WMA =
E (W fi p m) 1 i p

E)

. Exponential Smoothing
Exponential smoothing is a method that uses

exponential  functions to weight data to
forecast moving averages with different
weightings. This approach is very simple to

. Exponential  Smoothing  with
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use and requires very little historical data. The
following is the basic exponential refinement
formula (Hernadewita et a., 2020; Heizer et
a., 2017; Chopra& Meindl, 2016):

=ty tal@, —FHy) D

(4]

b= a(A_)+ A —-a)l;_, ©)
Where:

Ft =new forecasting

Ft, = previous forecasting

A = congant for smoothing (0O<a < 1)
At = the previous period’s actual demand

Trend
Adjustment
Exponential smoothing forecasting method

that incorporates trend adjustment is called
exponential smoothing with trend adjustment.
Thistechnique is applied when thereis a trend
in the forecasted data. The formula for
exponential smoothing with trend correction
is as follows: (Hernadewita et a., 2020;
Heizer et d., 2017):

Forecasting by trend (FITt) =
Exponential smoothing forecasting (Ft)
+ Exponential smoothing trend (Tt)

The two smoothing constants needed for the
exponential  smoothing method with trend
correction are o for the average and {3 for the
trend. The following formula is used to
determine averages and trends for each
period:

Fr= a(Ar)+ A - a)(F-y +13-0)

Thy= g0 — Fo)+ A -l

Where:
Ft = forecasting using serialized data that
has been
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exponentially smoothed out in the
period t
Tt =trend with a smoothed exponentia
over

period t
At = previous period's actual demand
Ft, = previous forecasting
A = congant for smoothing (0O<a<1)
B = smoothing constant for trend (0 < B <
1)

6. Trend Projection
Trend projection is a forecasting method that

projects trend lines into the future for
medium- or long-term forecasting after
modifying the lines on a collection of
historical data. This approach examines trends
as a linear, or dtraight, line. The following
eguation can be used to express the trend line
in the trend projection approach (Puspita,
2023; Samosir et a., 2022; Hernadewita et al.,
2020; Heizer et d., 2017):

y=a+h 9)
Regression line slope (b):

P @0
Y axis cut-off point (a):

a=y—h (11)
Where:

y = the calculated value of the variable that
needs
to be forecasted (bound variable)
= axisintersecting y
= regression line slope
= independent variable
= bound variable
= average value x
= average y-value
= quantity of data or observations

W m DR

= =
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Measure of Forecasting Results’ Accuracy

The measure of the forecasting accuracy
is a measure of forecasting error, or the degree of
discrepancy between the forecasted and actua
demand (Kusmindari et al., 2019). The measures
of forecasting results” accuracy of the used in this
study include (Samosir et a., 2022; Hernadewita
et a., 2020; Heizer et d., 2017):

1. MAD (Mean Absolute Deviation)
The value is determined by summing the
forecast error's (deviation) absolute values and
dividing the outcome by the number of data
periods (n), namely:

M _ YA —Fu |

M

2. MSE (Mean Square Error)
MSE is the mean squared difference among

the actual and predicted values. The following
isthe formula:

Mo=ZA TR ) (13)

L]

(12)

3. MAPE (Mean Absolute Percent Error)
MAPE is the mean absolute difference anong

the actual and predicted values, represented as
a percentage of the actual valuesfor n periods.
MAPE'sformulais:

M

Tl

_ 100 Z |Actual; — Forecast;|
- Actual;

. (14)
i=1

I1I. RESULT AND DISCUSSION

The national sat demand from 2011-
2023 has increased, where the demand for salt in
2011 was 3.2 million tons and in 2023 as much
as 4.7 million tons. In general, the demand for
salt is increasing, but sometimes there is a
decrease from the previous year. Figure 1
illustrates the decline from 3.9 million tons in
2014 to 3.4 million tons in 2015, 4.2 million tons
in 2018, 4 million tons in 2019, 4.6 million tons
in 2021, and 4.5 million tons in 2022. Salt needs
are always changing (not the same every year) so
that good estimates are needed so that salt needs
can be met properly.
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Figure 1: National Salt Demand Data 2011-2023
Source: PT. Garam, BPS, and the Ministry of Industry (2024)
Table 1. Results of Salt Demand Forecasting Calculation
Forecast
Period Demand Nave MA MA MA WMA WMA WMA ES ES ES EST TP
(N=2) (N=3) (N=4) (N=2) (N=3) (N=4) (a=0,2) (a=0,5) (0=0,8)
2011 32 32
2012 32 3,20 3,20 3,20 320 320 331
2013 36 320 320 32 3,20 3,20 320 320 344
2014 39 360 340 333 3,44 34 3,28 3,40 352 350 357
2015 34 390 375 357 348 378 367 36 3,40 3,65 382 383 370
2016 34 340 365 363 353 36 359 357 3,40 3,53 348 355 382
2017 4,2 340 340 357 358 34 35 3,52 3,40 3,46 342 344 39
2018 4 420 380 367 373 388 38 3,77 3,56 3,83 404 401 4,08
2019 4,2 400 410 387 375 408 394 388 3,65 3,92 401 405 421
2020 45 420 410 413 395 412 414 406 3,76 4,06 416 419 4,34
2021 46 450 435 423 423 438 431 4728 3,91 4,28 443 446 447
2022 45 460 455 443 433 456 449 443 4,05 4,44 457 461 4,60
2023 4,7 450 455 453 445 454 453 45 4,14 4,47 451 457 473
2024 470 460 460 458 462 462 460 4,25 4,58 466 469 4,86

SALT DEMAND FORECAST

D S S o S

™
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W e

2011 2012 3 014 015 2006 2017 008 1019 2020 1021 2022 2023 2024
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Figure 2: Comparison of Forecast Result with Salt Demand Data
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Table 2. Forecast Accuracy Measurement Results

Method Forecast MAD MSE MAPE
Naive 4,70 0,26 0,11 6,47%
Moving Average (N=2) 4,60 0,31 0,14 7,88%
Moving Average (N=3) 4,60 0,32 0,13 7,88%
Moving Average (N=4) 4,58 0,32 0,14 7,55%
Weighted Moving Average (N=2) 4,62 0,30 0,13 7,53%
Weighted Moving Average (N=3) 4,62 0,30 0,12 7,24%
Weighted Moving Average (N=4) 4,60 0,29 0,11 7,00%
Exponential Smoothing (0=0,2) 4,25 0,40 0,25 9,52%
Exponential Smoothing (0=0,5) 4,58 0,27 0,12 6,66%
Exponential Smoothing (0=0,8) 4,66 0,24 0,10 5,90%
Exponential Smoothing with Trend 4,69 0,25 0,11 6,27%
Trend Projection 4,86 0,16 0,04 4,28%

The results of the salt requirements cal cul ation
utilizing the time series forecasting approach, which
includes the Naive, Moving Average, Weighted Moving
Average, Exponential Smoothing,  Exponential
Smoothing with Trend, and Trend Projection methods
are shown in Table 1. The results of the calculation
show that in the Trend Projection method, there is an
increase in salt demand in 2024 by 4.86 million tons,
compared to the need in 2023 of 4.7 million tons. In
the Naive method, the forecast results in 2024 are the
same as the salt demand in 2023, because of this
approach, the demand for the anticipated value for the
upcoming period is the same as that for the prior
period. Meanwhile, the forecast results of other
methods will decrease in 2024. The forecast results on
the Moving Average (MA) method with n =2 and 3 of
4.6 million tons and n = 4 of 4.58 million tons.
Meanwhile, in the Weighted Moving Average (WMA)
method with n = 2 (weights 0.4 and 0.6) and n = 3
(weights 0.2, 0.3, and 0.5) as much as 4.62 million
tons and n = 4 (weights 0.1, 0.2, 0.3, and 0.4) as much
as 4.6 million tons, where n is the moving average's
number of periods. Exponential Smoothing (ES) with
o = 0.2 is 4.25 million tons, a = 0.5 is 4.58 million
tons, and o = 4 is 4.66 million tons. Meanwhile, in
Exponential Smoothing with Trend (EST) with, a =
0.5 and = 0.5 as much as 4.69 million tons.

Measure of Forecasting Results’ Accuracy

A measure forecasting results’ accuracy is
necessary to measure forecasting errors or the degree
of discrepancy among predicted and actual demand.
Table 2 displays the results of the forecasting error
calculation for each time series approach utilized in the
study. A comparison of the forecast results of the six
methods with the actual salt requirement value can be
seen in Figure 2. The demand for salt increases every
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year even though sometimes there is a decrease, but in
genera there is an increase in salt demand so that it is
very consistent with forecasting methods that have a
trend. Based on the analysis of the six methods, the
most suitable method to forecast salt demand is the
Trend Projection method because the forecast value
every year increases, in contrast to other methods that
decrease at the end of the period. According to
outcomes of the forecasting error computation, this
approach also possesses the lowest error value when
compared to other approaches.

V. CONCLUSIONS

Based on the study's findings, time series
forecasting approach generates a forecast value of 4.86
million tons for salt demand in 2024. Salt demand
increased by 0.16 million tons from salt demand in
2023. From the six time series forecasting techniques
utilized in this study, namely Naive Approach, Moving
Average, Weighted Moving Average, Exponentia
Smoothing, Exponential Smoothing with Trend, and
Trend Projection. The most effective forecasting
technique salt demands is the Trend Projection
method. This approach has the lowest error rate value
among the others, with a MAD of 0.16, MSE of 0.04
and MAPE of 4.28%.
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