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Abstract: This study analyzes demand trends using statistical methods, specifically
exponential smoothing and regression analysis, applied to data from an automotive
supply chain company. The analysis of order records for the first 28 weeks of the year
reveals that exponential smoothing, with a smoothing parameter of a=0.5, provides
more accurate forecasts compared to regression analysis. This conclusion is
supported by lower forecast error values (MAPE, MSE, and MAD) for the exponential
smoothing method. The findings suggest that exponential smoothing is a more reliable
tool for demand forecasting in this context.
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1 INTRODUCTION

The success of industrial enterprises depends on a wide range of factors.
Although there are elements that management cannot directly influence, such as
economic and geopolitical conditions, competition, or societal changes, there are
mechanisms available to forecast and analyze certain occurrences, enabling a
prepared and appropriate response. One such factor is the change in demand for a
specific product. The purpose of forecasting demand trends is to ensure the proper
planning and allocation of available resources.

Resource planning and allocation are activities that play a crucial role in

ensuring the long-term stability of any industrial enterprise. Through resource planning,
management adjusts production and other capacities to meet the needs and demands
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of customers. As a prerequisite for conducting resource planning and allocation,
management must project and analyze future demand for their products. To achieve
this, management can utilize various analytical methods and techniques with the aim of
predicting the quantities and types of products that will be needed by the market and
customers. Based on the forecast results, management can align production capacities
with customer requirements and thereby optimally allocate available resources.

In this paper, the demand forecasting was conducted using the exponential
smoothing method along with regression analysis. Additionally, methods for
determining forecasting errors were employed to establish which of these statistical
methods provides more accurate results. The case study conducted in this paper relies
on data from a company in the automotive industry, headquartered in the Sumadija
District of the Republic of Serbia.

The aim of this paper is to explore and evaluate various forecasting methods to
accurately predict changes in demand for specific products, with a focus on enhancing
resource planning and allocation in industrial enterprises. By employing the
exponential smoothing method and regression analysis, the study aims to determine
the most accurate forecasting approach, which will enable management to better align
production capacities with customer demands.

2 APPLICATION OF FORECASTING METHODS

For demand forecasting, numerous methods are used in the literature. Besides
methods specifically designed for this problem, certain statistical and optimization
methods and techniques are also employed for demand forecasting. One of the most
widely used techniques is exponential smoothing, which has several variations. It is
used in the automotive industry [1], medicine [2], the transport sector [3] and others.

One of the statistical methods used for demand prediction is regression
analysis. It has been applied in medical forecasting [4], power production [5], [6], and
ecology [7]. However, in many studies, regression analysis has been extended through
the application of machine learning [5], [7].

Numerous artificial intelligence algorithms are also used for forecasting today.
Their application is now very broad and includes air pollution forecasting [8], wind
energy forecasting [9], ocial changes forecasting [10], and others.

In addition to the above, the literature contains studies in which authors have
used various methods such as exponential smoothing, regression, series forecasting,
and other methods, comparing the obtained results [11], [12], [13].

3 BENEFITS AND LIMITATIONS OF DEMAND FORECASTING

Implementing demand forecasting requires the collection, processing, and
analysis of data from records, as well as significant effort, time, and sometimes the
involvement of external experts. Nevertheless, an adequate demand forecast can
provide certain benefits for business operations. Some of the most important benefits
of demand forecasting are improved budget preparation, more reliable production
planning, support for inventory storage planning, and support for developing pricing
strategies [14].

Despite the benefits of demand forecasting, there are limitations to its
application that should always be considered. Although useful, demand forecasting can
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never be completely accurate, as future events are uncertain and subject to change.
Additionally, demand forecasting requires reliable, high-quality, and sufficient input
data to ensure that the analysis is as precise and practically useful as possible. A lack
of quality input data, incorrect interpretation, or inadequate methodology can lead to
inaccurate or unreliable forecasts.

Some of the most important limitations of demand forecasting, or factors that
affect the reliability and accuracy of demand forecasts, include unexpected
(unforeseen) events, limited historical data (record data), changes in customer
behavior, lack of information about new products, model limitations, calculation errors,
inaccurate input data, seasonal changes and fluctuations, changes in competition, and
geopolitical and economic factors [15].

When conducting demand forecasting and analyzing the obtained results, it is
essential to consider both the benefits and limitations mentioned in order to obtain a
useful and clear picture of future demand.

4 METHODOLOGY USED FOR DEMAND FORECASTING

4.1 Exponential Smoothing

Exponential Smoothing is a demand forecasting method based on the analysis
and processing of record data. It is suitable for short-term demand forecasts. The
forecasted demand value using this method is determined by the following formula
[16]:

Fo=F_1+a(Ai_1—F_y) 1)
where:

F, — forecasted demand value,

F,_, — forecasted demand value for the previous period,
A,_, — actual demand value in the previous time period,
a — smoothing coefficient; 0 < a < 1.

The primary advantage of the exponential smoothing method for demand
forecasting is its ability to provide sufficiently reliable and accurate forecasts for short-
term periods in a straightforward manner

4.2 Regression analysis

Regression Analysis is a very useful tool that can be used, among other
things, for demand forecasting. This method provides insight into the relationship
between a dependent variable and an independent variable, such as demand and time
period, respectively.

The linear regression relationship can be represented by the regression
equation [16]:

yi=ﬁ+3'xi+£i (2)

In this equation, @ and b denote the coefficients of the regression line, while &;
represents the approximation error.
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Regression analysis is well-known and widely used both in research and in the
curricula of many academic programs. Therefore, there is no need to provide a
detailed description of the application process of this analysis in this paper.

4.3 Forecasting Errors

In the literature, various methods can be found for calculating forecasting
errors, all with the aim of determining which method provides the best results in
addressing the problem at hand. The most well-known methods for calculating
forecasting errors, which were also used in this paper, are [17]:

= Mean Absolute Percentage Error (MAPE):

MAPE =%, n"‘l il

100% 3

= Mean Squared Error (MSE):

. _F:)2
MSE = Yi=1,.n(4i—Fp) (4)

n-1

= Mean Absolute Deviation (MAD):

MAD = Zi=1,..,1:1|Ai—Fi| (5)

All three methods are equally used for analyzing and comparing different
forecasting methods, with the aim of determining which method provides the best
results. It is important to note that lower values of MAPE, MSE, and MAD indicate a
more accurate forecast.

5 CASE STUDY

5.1 Application of the Exponential Smoothing Method

In this paper, the demand for a product from a company that is a supplier in the
automotive supply chain has been analyzed. The company manufactures aluminum
parts, and its product range includes 25 related products. In this case, the focus has
been on the company's most important product, which is the aluminum radiator shell.

The company maintains records of incoming orders that are registered on a
weekly basis. In this case, an analysis was conducted on the received orders for the
main product over the first 28 working weeks of the year. It is assumed that the
demand for the considered product follows an exponential smoothing trend with a
parameter a = 0.5. The actual and forecasted demand values using exponential
smoothing are shown in Figure 1.

The forecasting errors of demand using this method are:

MAPE = 0.23 MSE = 2045442 MAD = 1044.83

In this case, the exponential smoothing method was applied for six consecutive
periods (the actual period and the five subsequent ones).
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Figure 1. Trend of actual and forecasted demand values determined using the
exponential smoothing method

5.2 Application of the Regression analysis

As previously mentioned, demand analysis can also be performed using
regression analysis. The results obtained through this statistical method are presented
below. Figure 2 shows the results of the regression analysis conducted in Microsoft
Excel, specifically the calculated parameters of the regression line.

Regression Statistics

Multiple R 0,460526662
R Square 0,212084806
Adjusted R Square 0.181780376
Standard Error 1868.298594
Observations 28

Figure 2. Regression Analysis (Data Grouping Around the Regression Line)

After conducting the regression analysis, it is necessary to test for the
existence of a regression relationship. In this case, the testing was performed using the
analysis of variance technique.

= Step 1: Hypothesis Formulation

Ho: There is no regression relationship.

Hi: There is a regression relationship.

= Step 2: Risk Level

The risk level is set at 5% (a common risk level).
= Step 3: Decision Statistic

The decision statistic was determined using the Data Analysis package in
Microsoft Excel, as shown in Figure 3.

ANOVA

df SS MS F Significance F
Regression 1 24428455,17 2442845517 6,998475227 0,013657893
Residual 26 90754030,54 3490539.636
Total 27 115182485.7

Figure 3. Decision statistic

554



Forecasting demand trends in automotive industry: comparative analysis of exponential
smoothing and regression analysis

In Figure 3, it can be seen that the value of the decision statistic is: F, =
6.998.
= Step 4: Criterion for Rejecting the Ho
The tabulated value of the Fisher distribution for the given risk level is Fggz5.26 =
4.23.
= Step 5: Decision
Since the decision statistic is greater than the tabulated value, the Ho should be
rejected and the alternative hypothesis Hi accepted. In this case, it can be concluded
that the demand value over time can be described by the obtained regression line (see
Figure 4).
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Figure 4. Trend of actual and forecasted demand values determined using the
regression analysis

The forecasting errors of demand using this method are:

MAPE = 0.32 MSE = 3361260 MAD = 1558.302

Based on the calculated forecasting errors, it is clear that the demand can be
more accurately described by the exponential smoothing than by using regression
analysis.

5.3 Discussion of obtained results

As mentioned, in this case, the exponential smoothing method yields slightly
better results. Figure 1 shows the trend of actual demand values and the trend of
forecasted demand values. From the figure, it is clear that the forecasted demand
values are lower than the actual values until the 18th week. Between the 7th and 18th
weeks, the demand for the product in question is increasing. After the 18th week, the
trend in demand starts to decline.

This information is crucial for all employees at the second hierarchical level,
except for the quality engineer. Based on this information, the logistics and
procurement manager should plan the acquisition of raw materials for the upcoming
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period to ensure an optimal quantity of raw materials for the production process. For
the production and maintenance manager, the demand trend information is important
for the optimal utilization of production and human resources. The financial manager,
in turn, uses this information to prepare the financial plan for the upcoming period.

Regression analysis, while useful for identifying the underlying trend in data,
may have limitations when it comes to capturing potential demand fluctuations. In this
case, although the regression line successfully identified an upward trend in the data, it
proved less effective at capturing and forecasting the variations and oscillations
present in the actual demand pattern. This led to reduced accuracy in predicting
demand changes, especially during periods of significant oscillations. Therefore, while
regression analysis can provide valuable insights into the general trend, it may be
insufficient for detailed modeling of the dynamic and unstable aspects of demand.

6 CONCLUSION

In this paper, the problem of demand forecasting based on historical data has
been examined, with a case study conducted in an automotive industry company. The
study involved the application of statistical methods, specifically exponential smoothing
and regression analysis, to analyze demand trends. Additionally, forecasting errors
were calculated in this part of the study.

The analysis revealed that the use of exponential smoothing and regression
analysis yields different results. Based on the obtained results, it can be concluded that
the exponential smoothing method better describes demand changes. In the case of
regression analysis, the trend is described by a regression line defined based on the
calculated parameters of the line. The preference for using exponential smoothing over
regression analysis has been supported by the calculation of forecasting errors such
as MAPE, MSE, and MAD. Each of these parameters had lower values when using the
exponential smoothing method compared to regression analysis. Therefore, it can be
concluded that, in this case, the exponential smoothing method is more reliable.

Future research directions may focus on applying the proposed quantitative
approach to similar problems in other companies and industries. Additionally, other
quantitative methods could be applied to address the same or similar problems, and a
comparative analysis of results obtained using different methods could be conducted.

REFERENCES

[1] Fahrudin, T. M., Ambariawan, R. P., & Kamisutara, M. (2021). Demand
Forecasting of The Automobile Sales Using Least Square, Single Exponential
Smoothing and Double Exponential Smoothing. Petra International Journal of
Business Studies, 4(2), pp. 122-130. doi: 10.9744/ijbs.4.2.122-130.

[2] Sinaga, H., & Irawati, N. (2020). A Medical Disposable Supply Demand
Forecasting By Moving Average And Exponential Smoothing Method. In
Proceedings of the 2nd Workshop on Multidisciplinary and Applications (WMA)
2018, 24-25 January 2018, Padang, Indonesia, Padang, Indonesia: EAIl. doi:
10.4108/eai.24-1-2018.2292378.

[3] Alhindawi, R., Abu Nahleh, Y., Kumar, A., & Shiwakoti, N. (2020). Projection of
Greenhouse Gas Emissions for the Road Transport Sector Based on Multivariate
Regression and the Double Exponential Smoothing Model. Sustainability, 12(21),
p. 9152. doi: 10.3390/su12219152.

556



Forecasting demand trends in automotive industry: comparative analysis of exponential
smoothing and regression analysis

[4] Wu, X., Bai, Z., Jia, J., & Liang, Y. (2020). A Multi-Variate Triple-Regression
Forecasting Algorithm for Long-Term Customized Allergy Season Prediction.
arXiv. doi: 10.48550/ARXIV.2005.04557.

[5] Singh, U., Rizwan, M., Alaraj, M., & Alsaidan, I. (2021). A Machine Learning-Based
Gradient Boosting Regression Approach for Wind Power Production Forecasting:
A Step towards Smart Grid Environments. Energies, 14(16), p. 5196. doi:
10.3390/en14165196.

[6] Zhang, Z., & Hong, W.-C. (2021). Application of variational mode decomposition
and chaotic grey wolf optimizer with support vector regression for forecasting
electric  loads. Knowledge-Based Systems, 228, p. 107297. doi:
10.1016/j.knosys.2021.107297.

[7] Doreswamy, H. K. S., Km, Y., & Gad, I. (2020). Forecasting Air Pollution
Particulate Matter (PM2.5) Using Machine Learning Regression Models. Procedia
Computer Science, 171, pp. 2057-2066. doi: 10.1016/j.procs.2020.04.221.

[8] Masood, A., & Ahmad, K. (2021). A review on emerging artificial intelligence (Al)
techniques for air pollution forecasting: Fundamentals, application and
performance. Journal of Cleaner Production, 322, p. 129072. doi:
10.1016/j.jclepro.2021.129072.

[9] zhao, E., Sun, S., & Wang, S. (2022). New developments in wind energy
forecasting with artificial intelligence and big data: a scientometric insight. Data
Science and Management, 5(2), pp. 84—95. doi: 10.1016/j.dsm.2022.05.002.

[L0]Dwivedi, Y. K., Sharma, A., Rana, N. P., Giannakis, M., Goel, P., & Dutot, V.
(2023). Evolution of artificial intelligence research in Technological Forecasting
and Social Change: Research topics, trends, and future directions. Technological
Forecasting and Social Change, 192, p. 122579. doi:
10.1016/j.techfore.2023.122579.

[L1]Ajiono, A. (2023). Comparison of Three Time Series Forecasting Methods on
Linear Regression, Exponential Smoothing and Weighted Moving Average. 1JIIS
Int. J. Informatics Inf. Syst., 6(2), pp. 89—102. doi: 10.47738l/ijiis.v6i2.165.

[12]Boland, J. (2024). Constructing Interval Forecasts for Solar and Wind Energy
Using Quantile Regression, ARCH and Exponential Smoothing Methods. Energies,
17(13), p. 3240. doi: 10.3390/en17133240.

[13]Rabbani, M. B. A. et al. (2021). A Comparison Between Seasonal Autoregressive
Integrated Moving Average (SARIMA) and Exponential Smoothing (ES) Based on
Time Series Model for Forecasting Road Accidents. Arab J Sci Eng, 46(11), pp.
11113-11138. doi: 10.1007/s13369-021-05650-3.

[14]Diezhandino, E. (2024). Importance and Benefits of Forecasting Customer
Demand. https://keepler.io/2022/07/importance-and-benefits-of-forecasting-
customer-demand, pristupljeno 21. 7. 2024.

[15]3SC. (2024). Top 10 Limitations of Demand Forecasting.
https://3scsolution.com/insight/limitations-of-demand-forecasting, pristupljeno 22.
7.2024.

[16] Tadi¢, D., & Nesti¢, S. (2019). Organizacija rada. Kragujevac: Univerzitet u
Kragujevcu, Fakultet inzenjerskih nauka.

[17]Rizki, M., Wenda, A., Pahlevi, F. D., Umam, M. |. H., Hamzah, M. L., & Sutoyo, S.
(2021). Comparison of Four Time Series Forecasting Methods for Coal Material
Supplies: Case Study of a Power Plant in Indonesia. In 2021 International
Congress of Advanced Technology and Engineering (ICOTEN), Taiz, Yemen:
IEEE, pp. 1-5. doi: 10.1109/ICOTEN52080.2021.9493522.

557


https://keepler.io/2022/07/importance-and-benefits-of-forecasting-customer-demand
https://keepler.io/2022/07/importance-and-benefits-of-forecasting-customer-demand
https://3scsolution.com/insight/limitations-of-demand-forecasting

	11 - ZBIR QMO
	2 - 364


