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Abstract. Any success or failure of the manufacturing
industry, according to scientists, indicates the processes that
are going to occur in the entire national economy in the
future as well as the overall current state of the national
economy. In Latvia, small and medium enterprises engaged
in the manufacturing industry make up the largest
proportion of market sector economically active statistical
units, and the value added generated by small and medium
manufacturing enterprises represents the largest proportion
of total value added generated by the manufacturing
industry. The research aims to identify and assess factors in
the performance and development of the manufacturing
industry and small and medium manufacturing enterprises
in Latvia. The research employed general scientific research
methods: monographic, descriptive and graphic as well as
analysis and synthesis. The Cobb-Douglas model was used to
assess the situation in the manufacturing industry and
identify the effects of factors on economic growth. The
research identified and assessed the factors in the
performance and development of the manufacturing
industry and small and medium manufacturing enterprises
in Latvia.
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[. INTRODUCTION

Manufacturing is an industry that manufactures
finished products from raw materials and other inputs [1],
[2], typically represents a global network that uses local
and global (material and energy) resources [3], [4] and is
one of the most resource-intensive (e.g. material, energy
and water) industries with economies of scale, lower
labour costs and larger employment potential. The
manufacturing industry (Section C), according to the
Statistical classification of economic

activities in the European Community (NACE Rev. 2),
includes 24 divisions (divisions10-33).

Increased attention is paid to the manufacturing
industry because, according to scientists, this industry
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indicates the overall state of the economy with sufficient
precision, and any success or failure of the manufacturing
industry indicates the processes that are going to occur in
the entire economy in the future [5], [6].

Nowadays manufacturing enterprises face an
increasingly complex environment, affected by a lack of
natural resources, legal regulation and a growing
consumer demand for sustainable products [7], as well as
complex global challenges, e.g. increasing competition,
volatile commodity prices, increasing consumer
expectations and unstable economic conditions [8], [9].
Manufacturing enterprises constantly reassess and modify
their competition strategies as well as adapt their supply
chains and technologies to increase their performance, and
compete and survive in the long term [8].

The international scientific literature uses the term
performance to describe an enterprise’s operational
results, which is widely used in all areas of management
science to explain phenomena, diagnose causes, identify
causal associations, as well as make forecasts and
comparisons [10]. Performance is the result of achieving
an enterprise’s goals, a measure of success [11], an ability
to present results in certain dimensions relative to the
target [12], a way to identify the progress, an ability to
successfully implement future actions to achieve goals and
objectives [13]. Performance could be viewed as a
multifaceted phenomenon that involves various
perspectives (e.g. shareholder and employee), periods (e.g.
long- and short-term) and criteria (e.g. market share and
profit) [14].

The terms performance management, performance
measurement and performance assessment could be
distinguished in relation to performance [15]. An effective
performance measurement system aligned with the
characteristics of the external environment could help a
manager to make better decisions to increase the
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enterprise’s performance [16], [17]. The field of
performance  measurement has  evolved  from
measurement, i.e. what to measure, how to measure and
how to report the results, to management, i.e. how to use
indicators in managing enterprise performance [18],
considering technological, economic and social trends
[19]. Performance assessment at an enterprise is an
integral part of the management process [20], [21], which
allows the enterprise to identify the effects of managerial
decisions on the performance, as well as the progress made
and the decisions necessary for an enhancement thereof.

Small and medium manufacturing enterprises (SMEs)
could be characterized as the main contributors to
industrial economic growth worldwide in several aspects,
including innovation, output and employment [22]. For
example, European SMEs employ two thirds of the
workforce and account for more than half of the total
output of the manufacturing industry [23].

In 2021 in Latvia, according to data from the Official
Statistics Portal [24], there were 10855 SMEs, which
accounted for 99.46% of the total market sector
economically active statistical units operating in the
manufacturing industry. The value added generated by
manufacturing SMEs represented 59.7% of the total value
added of the manufacturing industry in Latvia in 2021
[25].

In the period from 2006 to 2019, 80% research papers
available in the Scopus and Web of Science databases
focused on the requirements, design and development of
performance measurement systems for SMEs in the
manufacturing industry and only 20% on performance
measurement as a means of improving performance
management or a possibility of performing a comparative
assessment [26].

The authors believe that both foreign and national
scientists have insufficiently focused on measurement and
assessment of performance of the manufacturing industry
and manufacturing SMEs, as well as factors in the
performance thereof.

The research aims to identify and assess factors in the
performance and development of the manufacturing
industry and small and medium manufacturing enterprises
in Latvia.

II. MATERIALS AND METHODS

Data from the Central Statistical Bureau and the Cobb-
Douglas model, which is one of the most commonly used
models for identifying the effects of factors on economic
growth, were employed to assess the situation in the
manufacturing industry. The Cobb-Douglas production
function is characterized by the following mathematical
relationship [27] (equation 1):

Y =4FK,,L,) 1)
where
Y: — outputor value added in time period t,
EUR;
AF — multifactor productivity index in time
period t;
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Ki — investment in equity or fixed assets in
time period t, EUR;
Li — labour input in time period t, hours

The Cobb-Douglas model is based on an assumption
that output is affected by the main factors of production,
which are labour and fixed assets or capital, as well as
multifactor productivity, or the efficiency of the factors of
production. Multifactor productivity considers changes in
the quality of technology and the efficiency of the use, the
efficiency of factor management, as well as other factors.
An additional model uses indexes or changes in shares. In
similar research studies in European Union (EU) Member
States and Latvia, it has been established that the average
share of income generated by fixed assets was 35%, while
the share of income generated by labour was 65% [28].

The Official Statistics Portal provides data on three of
the four indicators used by the Cobb-Douglas model for
manufacturing enterprises not classified by size: “value
added”, “number of hours worked by employees” and
“value of fixed assets”. The Official Statistics Portal does
not provide publicly available data on the assets of
manufacturing SMEs or, in this particular case, the
indicator “value of fixed assets”; therefore, the authors
submitted a request to the Central Statistical Bureau,
which is one of the statistical institutions of the Official
Statistics Portal and which, at the request of the authors,
collected the necessary data on manufacturing SMEs [29].

III. RESULTS AND DISCUSSION

The manufacturing industry plays an important role in
contributing to economic growth in Latvia. In 2020, the
manufacturing industry accounted for 12.7% of the total
value added, 14.2% in 2021 and 17.7% in 2022 [30].

The 20% target for investment as a share of GDP set
by the National Development Plan of Latvia 2014-2020
for the manufacturing industry for 2020 [31] was not
achieved in 2020 and also in 2021 and 2022. The
Operational Strategy for 2020-2022 designed by the
Ministry of Economics of the Republic of Latvia [32],
based on 2018 data, set a 12.5% target investment as a
share of GDP for 2022. It could be concluded that the
target set for 2022 was achieved in 2020.

The authors believe that the target set by the National
Development Plan of Latvia 2014-2020 for 2018 was not
achieved because the output of high value-added products
that would be competitive in export markets was not
sufficiently developed by manufacturing enterprises.

Productivity is the most important criterion that
determines the international competitiveness of the
manufacturing industry. By increasing investment in
equipment and training by the manufacturing industry, it is
possible to significantly increase the productivity of labour,
as well as to increase the competitiveness of the products
manufactured, not affecting the other factors of production
[31].

The authors performed a comparative analysis of
manufacturing enterprises and manufacturing SMEs.
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Data from the Official Statistics Portal on productivity
in the manufacturing industry, expressed as a ratio of value
added to the number of employees, show that the
productivity increased in Latvia in 2010-2021. In Latvia in
2021 compared with 2010, productivity growth in the
manufacturing industry reached 114.07% and 85.44% in
manufacturing SMEs [25].

Productivity in manufacturing enterprises and changes
therein are determined by the value added generated by the
manufacturing industry and the number of employees (see
Table 1).

TABLE 1. CHANGES IN THE VALUE ADDED, NUMBER OF EMPLOYED
PERSONS AND PRODUCTIVITY OF MANUFACTURING ENTERPRISES IN
LATVIA, 2010-2021, % COMPARED WITH THE PREVIOUS YEAR*
(AUTHORS’ CALCULATIONS BASED ON [25])

Manufacturing enterprises Manufacturing SMEs

Year | Value Number of Produc- | Value Number of Produc-

added | Persoms tivity | added | PESOMS tivity

employed employed

2010 25.70 -0.32 26.11 21.19 0.17 20.98
2011 5.25 3.24 1.94 0.51 0.39 0.11
2012 13.97 5.39 8.15 12,32 7.55 4.43
2013 1.08 2.09 -0.99 5.00 1.31 3.64
2014 4.00 0.82 3.16 6.57 3.41 3.06
2015 5.87 -1.92 7.94 5.15 0.17 4.96
2016 3.99 0.11 3.88 2.20 -0.07 2.28
2017 8.24 -0.07 8.31 4.29 -0.02 431
2018 10.93 0.92 9.93 4.83 -0.64 5.51
2019 791 -2.08 10.20 2.71 -4.58 7.71
2020 4.15 -0.76 4.96 6.87 -0.59 7.50
2021 28.40 4.30 23.11 26.08 3.87 21.38

* indicator values that decreased, compared with the previous year, are
highlighted in green.

As shown in Table 1, the value added by
manufacturing enterprises and manufacturing SMEs
increased in the analysed period compared with the
previous year.

Compared with the previous year, the number of
persons employed by manufacturing enterprises tended to
both increase and decrease (highlighted in green in Table
1). It should be emphasized that the number of persons
employed by manufacturing SMEs gradually decreased in
the period 2016-2020. In the period 2010-2021, compared
with the previous year, in Latvia, productivity in
manufacturing enterprises and manufacturing SMEs, in
percentage terms, tended to increase overall. However, it
could be concluded that the increase in productivity in
manufacturing SMEs was lower than that in
manufacturing enterprises, except in 2013 and 2020.

In the period analysed, the year 2021 should be
emphasised because the economy recovered from the
pandemic, and 17 out of 22 manufacturing industries
showed an increase in output, which contributed to an
increase in both the number of employees and
productivity, compared with 2020 [33], [34].

The level of productivity in the manufacturing industry
was lower than the average in the national economy. The
experience of several countries shows that the
manufacturing industry plays an important role in
increasing overall productivity. This could mainly be
explained by the potentially higher innovation capacity of
the manufacturing industry. Manufacturing is an industry
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that is largely oriented towards foreign markets and has a
higher degree of integration in global value chains. The
low level of productivity in the entire national economy is
largely determined by low productivity in the
manufacturing industry. In 2021, it was almost 45.7% of
the EU average [33].

Growth in the manufacturing industry is determined by
innovation capacity, incl. the share of high-tech segments
in the manufacturing industry. In terms of technological
intensity, the share of high-tech segments in the
manufacturing industry increased by 4.13 percentage
points in 2021 compared with 2010 [35]. The relatively
low level of productivity and moderate changes in the
manufacturing industry in Latvia are significantly affected
by structural factors. The national manufacturing industry
is strongly dominated by low-tech segments. This could be
explained by the significant share of traditional industries
(food and woodworking), which together make up almost
half of the total value added generated by the
manufacturing industry and which is almost one and a half
times higher than the EU average [33].

Based on data from the Official Statistics Portal on the
value added by manufacturing enterprises, the number of
hours worked by employees and the value of fixed assets
in Latvia in 2010-2021, the authors calculated the share of
fixed assets in value added and the multifactor
productivity index, using an equation of the Cobb-Douglas
model. Change indices (CI) for Cobb-Douglas model
indicators for manufacturing enterprises, expressed as a
ratio of the indicator for the reporting period to that for the
previous period, and changes in percentage terms, i.e.
deviation, are shown in Table 2.

TABLE 2. COBB-DOUGLAS MODEL INDICATORS OF MANUFACTURING
ENTERPRISES IN LATVIA, 2011-2021
(AUTHORS’ CALCULATIONS BASED ON [36], [37])

Number of Share of fixed Multifactor
Value added | hours worked | assets in value | productivity
Y by employees added index
Year Y ]l: v K¢ AF*
Changes, Changes, Changes, Changes,
DI o, DI o, DI o, DI %
2011 [1.05 5.25 1.04 3.77 097 -2.81 1.04 3.78
2012 [ 1.14] 1397 |1.04 3.85 090 | -9.87 [1.15]| 1533
2013 | 1.01 1.08 1.01 1.34 092| -7,72 |1.03 3.06
2014 | 1.04 4.00 1.01 091 0.99| -0,98 1.04 3.75
2015 | 1.06 5.87 1.08 7.77 0.99| -0.65 1.01 1.08
2016 | 1.04 3.99 0.88| -12.42 [0.92| -7.99 [1.17]| 16.71
2017 | 1.08 8.24 1.01 1.36 092 -8.12 [1.11 10.52
2018 | 1.11 10.93 [0.96 -4.04 1091 -8.54 [1.18| 17.57
2019 | 1.08 791 1.02 1.82 098| -1.89 |1.07 7.37
2020 | 1.04 4.15 0.99 -1.29 1.00 0.49 1.05 4.85
2021 [ 1.28 | 28.40 |1.08 7.61 0.84| -16.17 |1.30| 30.22

* authors’ calculations based on the Cobb-Douglas model equation.

After analysing the performance of manufacturing
enterprises in terms of percentage change in the CI and
changes in the value added by manufacturing enterprises
in Latvia (see Table 2), the authors concluded that the
performance of manufacturing enterprises gradually
improved in 2011-2021. Employment in manufacturing
enterprises in Latvia, expressed as an index of the
number of hours worked, has overall remained
unchanged from 2011 to 2021, returning to the level of
2015 in 2021 and confirming that the production process
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has become more efficient. The multifactor productivity
index for the period 2011-2021 confirms increases in the
performance of national manufacturing enterprises.

The factors affecting the performance of
manufacturing SMEs (see Table 3) show similar trends
as those for manufacturing enterprises (see Table 2).

TABLE 3. COBB-DOUGLAS MODEL INDICATORS OF MANUFACTURING
SMES IN LATVIA, 2011-2021
(AUTHORS’ CALCULATIONS BASED ON [25], [29])

Number of hours| Share of fixed | Multifactor
Value added worked by assets in value | productivity
Year Yt employees added index
Lt Kt AF*
Changes, Changes, Changes, Changes,
DI |“HUEY DI v | DI v | DI e
2011 1.01 0.51 1.01 1.13 1.01 0.36 1.00] -0.35
2012( 1.12] 1232 | 1.08 7.75 091 -9.30 1.11 10.72
2013| 1.05] 5.00 1.00 0.46 0.94 -6.10 1.07 7.02
2014] 1.07] 6.57 1.03 3.00 0.98 -2.31 1.05 5.40
2015] 1.05] 5.15 1.09 9.04 0.95 -4.91 1.01 1.16
2016] 1.02] 2.20 | 0.88] -12.28 | 0.94 -6.11 1.14] 13.77
2017] 1.04] 4.29 1.00] -0.17 0.93 -7.18 1.07 7.17
2018| 1.05] 4.83 [ 093 -7.23 0.94 -6.53 1.13 12.70
2019] 1.03| 2.77 1.01 1.01 1.02 2.45 1.01 1.24
2020( 1.07] 6.87 [ 098] -1.60 0.98 -1.96 1.09 8.74
2021] 1.26] 26.08 | 1.08 8.08 0.879| -12.11 | 1.25| 2541

* authors’ calculations based on the Cobb-Douglas model equation.

The number of hours worked by employees, the share
of fixed assets in value added and multifactor productivity
accounted for 100% of the value added. Based on the
changes in Cobb-Douglas model indicator values
expressed in percentage terms, the authors constructed
Figure 1, which shows the number of hours worked by
employees employed by national manufacturing
enterprises, the share of fixed assets in value added and the
effect of multifactor productivity on the value added by
manufacturing enterprises in Latvia in 2011-2021.

100%
80%
6015
40%
20%

F o

-20%

-40%

-60%

-80%
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Year
m Changes in the share of lixed assets in value added, %
B Changes in the number of hours worked by employees, %

= Changes in the multifactor productivity index. %

Fig. 1. Effects of the factors "Share of fixed assets in value added",

"Number of hours worked by employees", "Multifactor productivity

index" on the performance of manufacturing enterprises in Latvia in
2011.-2021, % (authors’ calculations based on [36], [37])

The calculation results showed that the value added by
or performance of manufacturing enterprises was most
significantly affected by multifactor productivity, which,
on average, accounted for 49.45% of the overall
performance of the manufacturing industry in the period
2011-2021. Changes in the number of hours worked by
employees accounted for, on average, 11.78% of the
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performance of manufacturing enterprises, and the effect
of changes in the share of fixed assets in value added on
the performance of manufacturing enterprises was
negative and, on average, accounted for 25.37% of the
change in the value added by manufacturing enterprises.
The authors could conclude that investments in fixed
assets, i.e. an increase in the value of fixed assets was
insufficient to contribute to an increase in the value added
by or performance of manufacturing enterprises.

It should be emphasized that in 2021 compared with
2020, the effect of the number of hours worked by
employees, the share of fixed assets in value added and
multifactor productivity on the performance of
manufacturing enterprises changed in Latvia. The effect of
an increase in the number of hours worked in
manufacturing enterprises on the performance of
manufacturing enterprises was positive at 14.09%,
whereas the effect of a decrease in the share of fixed assets
in value added on the performance of manufacturing
enterprises was negative at 29.95%, while the effect of
multifactor productivity was 55.96%. The authors believe
that labour availability is an important factor that
contributes to the manufacturing industry; however, it is
not at all the main factor that affects the growth and
performance of the manufacturing industry in Latvia. It is
necessary to increase investments in technologies, as well
as implement measures that could positively affect output
efficiency or multifactor productivity.

An analysis of the effects of the number of hours
worked by employees, the share of fixed assets in value
added and multifactor productivity on the performance of
manufacturing SMEs in the period 2011-2021 (Fig. 2)
revealed that the performance of manufacturing SMEs was
most significantly affected by multifactor productivity,
which, on average, accounted for 38.43% of the total
performance of manufacturing SMEs.

2001 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Year
m Changes in the share of fixed assets in value added, %
®m Changes in the number of hours worked by employees., %
= Changes n the multifactor productivity index, %

Fig. 2. Effects of the factors "Share of fixed assets in value added",

"Number of hours worked by employees", "Multifactor productivity

index" on the performance of manufacturing SMEs in Latvia, 201 1—
2021, % (authors’ calculations based on [25], [29]).

Changes in the number of hours worked by employees
accounted for, on average, 17.72% of the performance of
manufacturing SMEs, and changes in the share of fixed
assets in value added had a negative effect on the
performance of manufacturing SMEs and accounted for an
average of 17.85% of the change in the value added
generated by the manufacturing industry.
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In the period 2011-2021 in Latvia, the effect of factors
on the performance of manufacturing SMEs, compared
with that of manufacturing enterprises, differed
significantly in 2019. In 2019 in Latvia, however, the
effect of the number of hours worked by employees, the
share of fixed assets in value added and multifactor
productivity on the performance of manufacturing SMEs
was positive, and the largest positive effect was a 52.09%
change in the share of fixed assets in value added. The
authors believe that in order to sustain increases in the
performance of manufacturing SMEs, it is necessary to
increase investments in fixed assets, incl. technologies.

The Report on Productivity in Latvia [38] has
examined the possibility of granting government support
to increase productivity at enterprises. The report proposed
three criteria (one basic criterion and two additional ones)
to be met to grant government support to an enterprise:

1. The basic criterion: in the medium term, the enterprise
was able to achieve higher productivity than other
similar enterprises (in the same size and age group,
industry and location (distance from Riga and other

cities));

2. An additional criterion (1): the enterprise belongs to a
group of enterprises having a higher probability of
continuing their economic activity;

3. An additional criterion (2):a significant share of

economic activity is performed by the enterprise in
areas with a high unemployment rate.

The authors concluded that the productivity of
manufacturing enterprises increased in 2010-2021. The
Report on Productivity in Latvia [38] concluded that
manufacturing enterprises had a higher probability of
continuing their economic activity; however, an analysis
of the probability of stopping economic activity by
enterprise size and age group revealed that it was higher
for micro and new enterprises.

In the manufacturing industry, SMEs made up the
majority of enterprises operating in the industry. Data from
the Official Statistics Portal [24] show that in 2021, there
were 10855 SMEs, which accounted for 99.46% of the
total number of enterprises operating in the manufacturing
industry, and micro-enterprises accounted for 81.71% of
total number of manufacturing SMEs.

The authors believe that when considering granting
government support to manufacturing enterprises, it is also
necessary to assess an opportunity for manufacturing
micro-enterprises to receive government support for
increasing their productivity by incorporating additional
criteria for evaluation of a manufacturing micro-enterprise
into the eligibility criteria for granting government
support, e.g. the growth of the relevant segment of the
manufacturing industry, as well as investments by
manufacturing micro-enterprises in modernization and
innovation.

IV. CONCLUSIONS

After analysing the performance of manufacturing
enterprises in terms of change in the value added by

213

manufacturing enterprises, which includes the number of
hours worked by employees, the share of fixed assets in
value added and changes in multifactor productivity, it
should be concluded that the performance of
manufacturing enterprises gradually improved in the
period 2011-2021. The performance of the manufacturing
industry in 2011-2021 was most significantly affected by
multifactor productivity, which, on average, accounted for
49.45% of the overall performance of the manufacturing
industry, while in the case of manufacturing SMEs it was
38.43%.

Multifactor productivity involves changes in the
quality and wuse efficiency of technology, factor
management efficiency as well as other factors, and the
effect of the multifactor productivity factor on changes in
value added in the manufacturing industry confirms that
the production process has nevertheless become more
efficient.

Growth in the manufacturing industry is affected by
innovation capacity, incl. the share of high-tech segments
in the manufacturing industry. In terms of technological
intensity, the share of high-tech segments in the
manufacturing industry increased by 4.13 percentage
points in 2021 compared with 2010. The relatively small
increase in the period analysed explains the relatively low
level of productivity not only in the manufacturing
industry but also in the entire national economy of Latvia.

The recommendations for granting government
support to increase the productivity of enterprises limit an
opportunity for manufacturing micro-enterprises to
receive government support, which make up the majority
of SMEs operating in the manufacturing industry.
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