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ABSTRACT

The use of Cost Accounting in the public sector makes it
possible to analyze the application of public resources by institu-
tions in favor of delivering better goods and services to society.
In this sense, planning is an essential element for successful re-
sults and achieving greater efficiency in public spending. In this
way, the forecasting process, through modern statistical tools,
presents itself as a tool capable of providing greater precision
and robustness to public managers' decision-making. In this
context, the Brazilian Navy has in its structure the Military Ser-
vice Provider Organizations (OMPS) which, among its activities,
carry out industrial ship repair and maintenance services and in
its accounting structure it uses costs as a planning parameter for
its expenses. Therefore, the study in question aimed to evaluate
how the forecasting process, based on the Holt-Winters method,
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can contribute to the planning of OMPS cost accounting. After
executing the process, it was possible to obtain management
information such as seasonal periods and trends, in addition
to an estimated annual cost, which was 98.99% closer to the
result of the annual cost observed in the 2023 fiscal year, de-
monstrating that the process can be useful to the planning the
costs of OMPS.
Keywords: Cost Forecast. Military Service Provider Organi-

zation (OMPS). Holt-Winters model. Brazil's Navy.

1. INTRODUCTION

The use of Cost Accounting in the public sector makes it
possible to demonstrate how the resources obtained through ta-
xes and fees from taxpayers have been applied by public bodies
and entities in fulfilling their mission, which is to produce and
deliver quality goods and services to citizens.

In this sense, public managers are the main users of cost in-
formation, which can be used to assist “the processes of planning,
decision-making, monitoring, performance evaluation, transparen-
cy, accountability and responsibility” (CFC, 2021, p. 4).

In view of the need to ensure efficiency and optimize results,
the public administration has been looking for tools to help ma-
nagers accomplish these processes. Thus, in the quest to fulfill
its constitutional mission, the Brazilian Navy (MB) established
the OMPS System (Military Service Provider Organizations) in
1994, which is based on Cost Accounting (cost measurement
and control), since its operation consists of a Military Orga-
nization (OM) providing services to other OM of the MB itself
(BRASIL, 2020). Among them, those OM classified as Industrial
(OMPS-1) stand out, as they provide services to the operational
area of the Force, performing or managing the maintenance of
its ships (SANTOS JUNIOR et al., 2023a).

It is worth mentioning that, at a strategic level, the MB has
the Navy's Strategic Plan (PEM 2040), a document that con-
tains conceptual and doctrinal elements to guide the institution’s
planning through Naval Objectives (OBNAV). From the OBNAV,
in less detail, the Naval Strategic Actions (NEA) are specified. In
this way, it should be noted that this research is in line with AE-
N-ADM-3, a goal of the PEM 2040, which aims to improve Cost
Management in the MB in order to support decision-making by
the Naval Administration.

According to Santos Junior et al. (2023a), Cost Accounting
provides management information for the Senior Naval Adminis-
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tration and, like all areas of the public sector, needs continuous
improvement in line with modern techniques that allow for gre-
ater precision in decision-making, because, in addition to mea-
suring and controlling costs, OMPS need to project production
costs for the following fiscal year of operation in order to subsi-
dize the collection of operating fees from customers, which is a
significant challenge for OMPS (BRASIL, 2020), given that there
is no support system for performing this task, thus presenting a
gap in this cost forecasting process in the MB.

According to Sousa et al. (2017) and Hoover (2021), the
adoption of statistical methods and tools for cost forecasting can
contribute to the planning of institutions, while also enabling the
identification of seasonalities and trends. Among the statistical
methods used to create predictive models we can cite the Hol-
t-Winters exponential smoothing method because, according to
Petropoulos, Wang and Disney (2019), this method stands out
for the simplicity of its application and for obtaining results with
good accuracy when compared to more complex methods.

In this context, given that Cost Accounting, in addition to ge-
nerating cost information, also needs to plan its costs, expenses
and operating rates, this study aims to assess how the forecas-
ting process, based on the Holt-Winters method, can contribute
to the cost accounting planning of OMPS.

In this way, this research is relevant to the improvement of
Strategic Cost Management, especially in the Brazilian Navy,
since cost forecasting is a solid basis for effective decision
-making and for the efficient application of public resources in an
OMPS-I of the MB, which contributes to better planning, trans-
parency, accountability and efficiency in financial management,
benefiting the organization and society in general.

In addition, it broadens the research findings and the debate
on the subject in question (cost forecasting in the public sector),
and presents as a practical contribution the design of a tool that
can be used by MB to project costs (forecasting model) for the
following fiscal year, bringing opportunities for improvement to
the Cost Accounting of OMPS-I. In order to achieve the esta-
blished objective, this research is structured as follows: intro-
duction, literature review, methodology, results and conclusion.

2. LITERATURE REVIEW
2.1 Planning in Public Administration

Planning can be defined as “the way of programming and
managing the future, thinking about the consequences and
adaptations to reality and to the physical, budgetary, financial
and historical facts that intervene in the course of an action and
that can influence the expected results” (SOUSA; BATISTA; AN-
DRADE, 2004, p. 45).

According to Casimiro and Moraes (2017), planning in public
administration is essential for an efficient and effective perfor-
mance by public managers and consists of a fundamental insti-
tutional tool for decision-making, for the allocation of resources
and for the definition of public policies, going beyond the bud-
getary sphere.

Public management planning provides managers with a ma-
nagerial vision and puts them on the path to fulfiling the mission
legally imposed on public institutions, which allows accounting

to prove all its forecasts and achievements. In addition, given
the need to reliably demonstrate the use of public resources, ac-
counting information has become an essential tool for planning
and transparency in public bodies (SOUSA; BATISTA; ANDRA-
DE, 2004; BRANDALISE; FELLA; ZAMIN, 2009).

Neto, Almeida and Almeida (2020) highlight that public ad-
ministration has demanded that its planning processes be cons-
tantly improved with the use of tools and techniques similar to
those used in the private sector. In this context, according to
Mello, Santos Junior and Pessanha (2021), predictive proces-
ses in the public sphere are essential planning tools. This view
is shared by Silva, Santos and Costa (2016), who mention that
forecasting methods applicable to planning processes can con-
tribute to reducing organizations' costs.

Thus, according to Hoover (2021), forecasting can be de-
fined as the process that uses statistical methods to obtain esti-
mates based on historical and current data. In addition, Hoover
(2021) and Goodwin et al. (2023) state that the implementation
of forecasting processes in organizations proves to be the key
to success in a number of senior management decisions. As the
authors state, the implementation of these processes in the con-
text of the bodies' planning can provide greater precision and
accuracy in the information generated and, consequently, in the
decisions made.

However, when including predictive processes in the day-
to-day of organizations, it is necessary for the top of the hie-
rarchical chain to encourage their use and the preparation of
managers, so that these processes are not forgotten and misu-
sed in the preparation of management documents (GOODWIN
et al., 2023).

The cost accounting of OMPS-I, according to Santos Junior
et al. (2023a), requires the Naval High Administration to adopt
good management practices, which include tools and techni-
ques, such as predictive processes operationalized by statis-
tical software, such as R (R CORE TEAM, 2023), promoting
efficiency, efficacy and effectiveness in its application. (SILVA;
SANTOS; COSTA, 2016).

2.2 The OMPS System and Cost Accounting in
the Brazilian Navy

The adoption of a managerial model in public administration,
which took place from the 1980s onwards, represented a shift in
focus from processes to results, increasing the need for control
and monitoring by public managers in meeting what was plan-
ned, based on the comparison between budgeted and realized
costs (OLIVEIRA; SILVA; BRUNI, 2012; SANTOS et al., 2013).

In Brazil, the effects of these new administrative standards
became more visible in the early 1990s. At that time, because
the Brazilian Navy did not have a well-structured cost system,
it faced problems in the financial and asset management of its
productive OMs. As a result, in 1994, the OMPS System (or sys-
tematics) was set up, a management model which, supported
by Cost Accounting concepts and data from the Federal Go-
vernment's Integrated Financial Administration System (SIAFI),
aimed to boost efficiency and productivity in this part of the MB
(BRASIL, 2020; SANTOS et al., 2013).
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Figure 1 — Scheme for the elaboration of the OROF
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Source: MOROF (2024).

The OMPS handle/move around R$900 million annually
and play a fundamental role in the logistical effort related to ful-
filling the MB's constitutional mission. The main characteristic
that differentiates the OMPS from other MB units is the financial
and budgetary dynamics to which they are subject, which es-
tablishes that their only source of funding must be the income
obtained from providing services. Therefore, the aim was to in-
crease autonomy and encourage creativity and efficiency in the
management of these OMs, since, due to the scarcity of public
resources, managers are forced to seek to reduce production
costs and improve services, in order to maintain the economic
viability of operations (SANTOS JUNIOR et al., 2023b; SANTOS
et al., 2013).

The OMPS costing system is based on absorption costing.
As such, OMPS expenses are composed of direct and indirect
costs, which are related to production, and administrative ex-
penses, which are expenses intended to cover the cost of the
military unit's administrative structure. Clients are charged fully
for the direct costs, while indirect costs and administrative ex-
penses are billed on an estimated basis, based on operating
rates. The setting of rates is guided by the preparation of the
Operational and Financial Budget (OROF), which is a budget
planning tool designed to integrate the various activities of the
OMPS and the goals foreseen in its strategic planning (BRA-
SIL, 2020; BAPTISTA; SILVA, 2010). Figure 1, adapted from
the OMPS Operational and Financial Budget Manual (MOROF),
summarizes the planning process embodied in the OROF:

The use of operating fees is not just an accounting techni-
que to cover costs but is a crucial aspect for the functioning of
the budgetary and financial dynamics that sustain the OMPS
system. Therefore, if they are too high, these fees can reduce
the demand for OMPS contracts and produce high net results,
unnecessarily charging clients, but if they are too low, they can
produce insufficient revenue to maintain the physical structure
of the OMPS, limiting its capacity to produce services for the
MB. As a result, the OROF and the fees planned by OMPS are
carefully evaluated by its Superior Command, with the aim of
maintaining a healthy relationship between the prices charged
and OMPS's cost structure (SANTOS JUNIOR et al., 2023b).

Within the financial and budgeting process of OMPS, the

projection of production costs is a fundamental step, directly im-
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pacting the prices charged and, consequently, the results and
productive capacity of these organizations. Although the OMPS
accounting system provides a robust database to support the
work of elaborating the OROF, in operational reality, estima-
ting production costs remains a significant challenge for most
OMPS. In the face of this scenario, the use of quantitative me-
thods to forecast these expenses can be an effective approach
to supporting PMSO financial planning.

2.2 Previous studies on cost forecasting models

During the literature review, no research was found on cost
forecasting models in the MB using the Holt-Winters statistical
method. However, it was possible to note that there are some
studies on predictive models in the public sector, including
in the MB, such as Mello et al. (2021), Mello and Pessanha
(2021), Mello (2022), Oliveira et al. (2023) and Santos Junior
et al. (2023).

Some authors have evaluated, using statistical methods,
how the demand forecasting process can contribute to the
planning and control of the provisioning (management of food
stocks) of Brazilian Navy's OMs (MELLO et al.,, 2021; MELLO;
PESSANHA, 2021; MELLO, 2022). Other researchers have exa-
mined how the ARIMA forecasting method can contribute to the
planning of MB financial programming (OLIVEIRA et al., 2023).
In addition, a group of scholars has dedicated themselves to
assessing how the ARIMA statistical method can contribute to
MB cost planning (SANTOS JUNIOR et al., 2023a).

Thus, although the last work mentioned was applied in the
field of Navy cost accounting, it can be seen that the ARIMA
method was used in that study, while the present research
aims to assess how the forecasting process, based on the
Holt-Winters method, can contribute to the cost accounting
planning of OMPS.

According to Hoover (2021), the forecasting process uses
statistical methods to obtain estimates based on historical data
(past and present). In this sense, Santana and Correa (2014)
found that the implementation of a process based on forecasts
(estimates) contributes to achieving the goals set in government
planning, to the success of cost information systems and to
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control in public bodies, while Silva, Santos and Costa (2016)
assessed that forecasting methods are possible tool options for
managers in the planning processes of institutions, contributing
to cost reduction.
The study by Sousa et al. (2017) corroborates that cost fo-
recasting in the planning process of institutions can benefit cost
management and offer greater accuracy for decision-making by
managers. Thus, when dealing with cost management in public
institutions, Borges, Mario and Carneiro (2013) argue that links
are automatically established with budgetary aspects (income
and expenses), since cost forecasts enable an estimate to be
made of the budgetary resources that will be needed in a given
period to meet the costs of fulfilling the mission of a public entity.
In this context, we can see that it is plausible to use statisti-
cal methods to improve the activities developed by public sector
bodies and entities, especially in the MB's cost area, in order to
optimize the measurement and disclosure of its costs.

3. METHODOLOGY

In accordance with Malhotra (2012), the structuring of this
study, in terms of its development, consists of identifying the
procedures adopted throughout the work, so that it is possible
to obtain the information needed to conduct it. Thus, in terms of
the nature of the objective, this is a descriptive study, since it is a
pre-planned and structured study, and it reports on the process
that made it possible to obtain cost forecasts for an OMPS for
the 2023 fiscal year. The approach to the problem is quantita-
tive, since the Holt-Winters statistical forecasting method was
used to process the data.

Currently, MB has nine OMPS-I distributed in different re-
gions of the country, designed to perform repairs and mainte-
nance on ships of the Force. For this research, a River Base
was selected, whose historical cost series does not show a high
degree of irregularity, since, according to Ballou (2006), this as-
pect is a prerequisite for a good forecast.

Considering that the aim of this study is to assess how the
forecasting process, based on the Holt-Winters method, can
contribute to the cost accounting planning of the Brazilian Na-
vy's OMPS, a sample of data was selected comprising the time
series of the production costs of the OMPS analyzed, from 2019
to 2023 (60 months), as suggested by Makridakis, Spiliotis and
Assimakopoulos (2018) and by Pochiraju and Seshadri (2019)
in order to adjust predictive models.

The data used to develop the study was extracted from the
Federal Government's Financial Administration System (SIA-
Fl). The period from 2019 to 2022 was used in the in-sample
(training set) to obtain the predictive model, while the data for
the year 2023 formed the out-of-sample sample, for comparison
with the forecasts obtained.

The data was processed using the R software (R CORE
TEAM, 2023), since, according to Silva et al. (2017), this tool
enables researchers in the areas of accounting and finance to
obtain robust results in quantitative research. In addition, Hynd-
man and Khandakar (2008), Martinez et al. (2019) and Mello et
al. (2021) elucidate that the use of the forecast package in the R
software provides mechanisms for adjusting forecasting models
based on the Holt-Winters method used in the present study.

The Holt-Winters method is one of the statistical tools ca-
pable of providing forecasts based on time series, especially
those with trend and seasonality components (MORETTIN; TO-
LOI, 2018). As for the treatment of the influence of seasonal
aspects, this can be approached in an additive or multiplicative
way (BARROS et al.,, 2020). According to Barros et al. (2020),
the additive version of this method, when the forecasting pro-
cess m steps ahead of a monthly time series (m=12), can be
expressed according to the following equation:

Vg = @ +hym =+ Sp_y @

whose trend coefficients (at e bt) and seasonality St-s+m are
updated based on the equations (2)-(4), whose results depend
on smoothing constants a, § and y belonging to the interval [0,1]
and previously determined (TRATAR; STRMCNIK, 2016).

a=aly,—S )+ (l-a)a1+by) (2
by =Blas —ar—1) + (1 — B)bey ©)]
Si=v(y, —a) + (LIS @)

Barros et al. (2020) add that values closer to 1 indicate that
the most recent observations have a greater influence on the
forecasts, while values close to O indicate that the oldest obser-
vations in the series have a greater influence on the forecasts.
According to Morettin and Toloi (2018), the smoothing constants aq,
B and y are calibrated aiming to reduce the deviations betwe- en
the time series yt and the corresponding forecasts.

To check the accuracy of the forecasting model obtained,
the Mean Absolute Percentage Error (MAPE) was used, as
shown below:

MAPE =12Mx 100%
N Z:

in which Zt and Zt denote, respectively, the observed and
predicted values over a period of time t.

4 ANALYSIS OF RESULTS

Based on the monthly production cost data of an OMPS-I of
the MB, extracted from the SIAFI, an exploratory analysis of the
data was conducted, so that it would be possible to identify and
extract preliminary management information that could help in
the process of obtaining the forecast models and, consequently,
analyze the forecasts for the fiscal year 2023, based on the mo-
del obtained using the Holt-Winters method.

In this way, this data, which covers the period from 2019
to 2022, was used in the in-sample sample, i.e. for the training
set of the models, making it possible to obtain the forecast for
2023. The data for 2023 was used in the out-of-sample so that a
comparison could be made between the observed data and the
results obtained by the predictive process. Therefore, the data
for the period 2019 to 2022 was imported into the R software
environment in order to enable analysis and obtain the results.

Once the data had been loaded, the OMPS time series cost
graph was generated for the period 2019 to 2022, as shown by
Figure 2. It shows that there is no clear presence of a trend,
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Figure 2 — Time series of production costs — 2019-2022
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2020 until halfway through 2021, at which point it shows a reco-
very to the level it had previously been at, with a slight decrease
during 2022. It should be noted that the period between 2020
and 2021 was marked by the COVID-19 pandemic, which had
an influence on OMPS' level of service and, as a result, there
was a reduction in its production costs during that period.

At the same time, the seasonality component points to sea-
sonal peaks in the months of August and December, periods in
which there is the possibility of scheduled resource allocations
for ship repairs. In addition, the cost calculation includes the
portion relating to the labor costs of the military and civil ser-

although the presence of seasonal peaks at the end of the fiscal
years is noticeable, indicating the presence of a seasonal com-
ponent in the cost series.

In order to obtain greater detail about the series analyzed,
the time series was broken down into its non-observable com-
ponents, i.e. trend, seasonality and irregularity, as illustrated in
Figure 3.

Figure 3 illustrates the unobservable components of the cost
series, which can provide OMPS accounting managers with in-
formation on the behavior of the cost in sensitive periods throu-
ghout the year. The trend component shows a sharp drop during

Figure 3 — Breakdown of the production cost series
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Figure 4 — Average monthly production costs — 2019-2022
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vants working at the OMPS, whose thirteenth-month pay is paid
in December.

Additionally, Figure 4 illustrates the specific behavior of each
month over the period from 2019 to 2022, showing the average
monthly costs.

In general, the monthly average costs (horizontal line repre-
sented in each month) shows the same level from January to
July, with sharp rises in August, November and December. As
previously observed in Figure 2, which showed a seasonal peak
in December, Figure 3 shows that the highest monthly average
cost also occurs in that month.

Figure 5-Seasonal Adjustment of Production Costs — 2019-2022

According to Mello and Pessanha (2021) and Oliveira et al.
(2023), the preliminary information from the predictive process
can be useful for planning institutions, and in the case of the
accounting structure of the MB's OMPS, this information can be
used to support the cost accounting sectors, since it can signal
a greater need to allocate resources at certain times of the year,
as well as pointing out the periods in which the highest volumes
of costs are calculated, and can thus be a mechanism for stren-
gthening the institution's management accounting aspects.

Thus, the adjustment of the predictive model based on the
Holt-Winters method resulted in the following smoothing cons-
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Table 1 — Production Cost Forecast — 2023

Meés |Observado (RS)

Previsto (RS)

Desvio Relativo

Jan 1.307.465

1.312.887 0.41%

Fev 1.630.276

1.341.009 17.74%

Mar 1.057.130

1.396.337 32.09%

Abr 1.353.507

1.407.431 3.98%

Mai 2.091.324

1.197.239 42.75%

Jun 1.133.543

1.225.979 8.15%

Jul 1.143.840

1.546.799 35.23%

Ago 1.134.989

1.383.092 21.86%

Set 1.263.823

1.391.308 10,09%

Out 1.176.152

732.103 37.75%

Nov 2.583.749

2.672.411 3.43%

Dez 4.446.088

4.510.865 1.46%

TOTAL 20.321.886

20.117.460

1,01%

Source: Elaborated by the authors based on research data.

tants: a=0,0591, =0 and y=0,7699. The results found for the
coefficients a = 0.0591 and B = 0, mean that the OMPS-I produc-
tion cost time series considers older data with greater weights
for the level and trend equations. In addition, the coefficient of
the seasonality component equation showed a result close to 1
for the series under analysis, which means that in this compo-
nent, the most recent seasonal pattern has greater weight.

The quality of the resulting adjustment can be seen in Figu-
re 5, in which the time series of production costs from 2019 to
2022 (black line) and the respective estimates obtained by the
Holt-Winters model (red line) are shown.

After adjusting the Holt-Winters predictive model, the fore-
cast was obtained up to 12 steps ahead for the cost of produc-
tion in an OMPS-I. Table 1 shows the monthly values observed
for the 2023 fiscal year, taken from the SIAFI, and the respective
forecasts calculated using the Holt-Winters method.

Table 1 shows that the production cost forecast for 2023
was nearly 98.99% of the annual cost actually calculated for that
year, making it a good parameter for planning the OMPS cost
accounting sector. In addition, the MAPE, which represents the
Average Percentage Error of the cost forecasts, was 17.91%.

Santos Junior et al. (2023b) emphasize the need for OMPS
to have an adequate estimate of costs for the year, considering
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the setting of rates in the prices of the services provided, which
aim to cover their administrative and indirect costs. With this, the
result obtained can provide a guide for the percentage to be set
in these fees to be applied to their prices.

Figure 6 shows the graph of the production cost forecast for
2023 (blue line).

In this way, the forecast generated by the Holt-Winters me-
thod follows a slightly downward movement in terms of produc-
tion costs and therefore proved to be in line with the verified
value. The gray area is delimited by the limits of the forecast
intervals, indicating the range of possible cost fluctuations es-
timated by the methodology used. The result obtained through
the process in question can be used to draw up the budget for
future OMPS fiscal years, which is in line with the findings of
Silva, Santos and Costa (2016), who point out that the Holt-Win-
ters method is a plausible tool for drawing up budget processes,
given the robustness of its results.

In overall terms, in addition to the possible managerial gains
that can be used by OMPS accounting managers, according to
Goodwin et al. (2023), predictive processes can be a success
factor for high-level decisions in institutions, which is in line with
the quest to improve the Force's Cost Management, explained
in the Navy's current Strategic Planning (PEM 2040).
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Figure 6 — Production Cost Forecasts in 2023 — Holt-Winters
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Source: Elaborated by the authors based on research data.

5. CONCLUSION

The aim of this study was to assess how the forecasting
process, based on the Holt-Winters method, can contribute to
the cost accounting planning of OMPS. After implementing the
process, it was possible to adjust a predictive model that gene-
rated an estimated annual result, which was 98.99% close to
the annual production cost result observed in the 2023 financial
year, as well as indicating a MAPE of 17.91%.

The operationalization of the cost forecasting process, ba-
sed on the Holt-Winters method, was carried out using R sof-
tware, which is an Open-Source tool that can be used by the
managers responsible for the OMPS accounting sector, without
the need to spend public funds.

During the exploratory analysis of cost data, it was possib-
le to obtain information indicating seasonal periods, trends and
analysis of monthly cost averages in the historical series. These
findings can be useful to the managers of the Brazilian Navy's
OMPS when drawing up annual accounting plans, given that it
is necessary to calibrate the rates to be charged to (internal)
clients for the services provided.
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