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Introduction 

The measurement of productivity in static and dynamic aspect is important 

from many perspectives. It provides quantitative characteristics that help understand 

many processes in economic systems - from changes in the standard of living at the 

macroeconomic level to technological progress and changes in efficiency at the 

sectoral and micro levels. In addition, different economic studies have identified 

relationships between productivity and important indicators of the economy. For 

example, Stoevski (2014) identifies a long-term relationship between labour 

productivity growth on the one hand and on the other hand the attraction of foreign 

direct investment and exports for 10 EU Member States. Blalock and Gertler (2004) 

show evidences of dependence between export and firm level productivity. 

Although the need to estimate productivity at different levels (macro level, 

industry level, micro level) is obvious, the actual application of such estimates may en- 
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counter a number of difficulties of a theoretical and practical nature. In 

addition, various possible productivity measures are presented in economic 

literature. It is therefore important to discuss the methodologies for constructing 

suitable measures as well as their advantages and disadvantages. 

In this regard, the purpose of this article is to propose a methodology for 

estimating labour productivity and its growth over time at industry level. The 

particular disaggregation level is A 64 from the Statistical Classification of Economic 

Activities (NACE-2008). In this nomenclature, economic activities are codified by a 

letter (for the relevant sector) and a two- digit code. It is the most often used 

nomenclature for empirical studies at industry level and it is uniform for the EU 

countries based on Eurostat methodology, which allows for international 

comparisons. 

The need to achieve such an objective comes in two lines. On the one hand, 

analytical research in this area for the Bulgarian economy is scarce. On the other 

hand, the problem also has a purely practical dimension. As is well known, the 

institutionalized labour income agreements in the country are negotiated by the social 

partners - employers' organizations and trade unions. Until now, negotiations on 

minimum wages, minimum social security thresholds and more generally on labour 

income are often carried out "in blind", without objective economic benchmarks, 

including without calculating and taking into account the productivity at industry 

level, which is supposed to be an important determinant of income for the relevant 

industry. Because of the lack of an objective basis, these negotiations prove to be 

difficult, full of unproductive emotions, often ending without agreements. The 

conceptual problems of the negotiation process, as well as possible solutions for its 

improvement can be seen in Petranov (2017). 

At the same time, the National Statistical Institute (NSI) publishes data on 

labour productivity only at the macroeconomic level - total for the country and for 

three sectors with the highest possible level of aggregation - Agriculture, Industry, 

Services. But in terms of productivity, these sectors are very heterogeneous - for 

example, according to NSI data, the gross added value per employee at current prices 

for 2016 is BGN 5,631 in Agriculture and BGN 25,577 in the Industry. Because of 

these large differences (existing and possible in the future), these data cannot be used 

at a lower level of aggregation, where negotiations between the social partners - 

employers' associations and trade unions are taking place. 

Taking into account the issues discussed above, the article is organized as 

follows. In Section 2 an overview of the problem is presented, then Section 3 

describes the features that a useful indicator of labour productivity should possess. 
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Sections 4 and 5 discuss options for selecting proper variables for the output and 

for the labour input. Section 6 addresses the dynamics of labour productivity and 

explains how to measure productivity growth through indexes. Section 7 provides the 

main conclusions. 

1. Layout of the problem 

In economic theory, productivity is defined as the ratio between the volume of a 

particular output and the volume of the resource that is used to produce that output. 

Depending on the objectives of a given study and depending on the production and 

resource measures used, different productivity indicators can be constructed. 

In general, the theory distinguishes between single-factor and multi-factor 

indicators, as well as indicators that use gross output or the value added in the 

production process. The choice between one or the other possible indicator is based 

on the objectives set for analysis as well as on the availability of the relevant 

statistical data. 

This article aims to present a model for estimating labour productivity, which is 

theoretically well-founded and at the same time practical, so that it can be used in 

different analytical studies and in particular in the negotiation process between the 

social partners in Bulgaria. To achieve such a goal, the model should have certain 

properties: 

a) The model should be with a solid and easy to understand theoretical basis, 

because it has to be widely accepted and not to be challenged as a concept by the 

social partners in the negotiation process. 

b)The calculation of the model should be based on a unique and well- 

described procedure so that the results can be easily verified. At the same time, it 

should be based on publicly available statistics produced by organizations that are 

independent from the negotiating parties. This is necessary in order to achieve 

maximum objectivity. 

c) The model should be able to track the dynamics (changes) of labour 

productivity. Productivity itself is an important indicator for static analyses. But for 

the negotiations on labour income it is important that the analysis could be performed 

in a dynamic plan as the economic logic for sustainable growth implies changes in 

labour income over time to go in line with changes in productivity. 

(d) The model should not make use of the so-called parametric methods. 

These methods are based on econometric estimations which have their 

advantages and disadvantages, but in the present case the latter prevail. The 

conditions under which they provide credible results are not always met in practice, 



Izvestiya 

2018  •  Volume 62  •  №2 

134 

and the availability of new or revised data can often change econometric estimates 

significantly. Generally, the use of parametric methods requires certain mathematical 

training, specialized software is needed for their application, and they are mainly 

typical of academic studies with a particular profile. These features make them 

unpractical for negotiations between the social partners. 

2. Possible measures of labour productivity 

According to the required characteristics a) - d) outlined in the previous 

section, as suitable measures of labour productivity there can be considered the 

following: 

• Labour productivity based on gross output 

• Labour productivity based on value added 
Both indicators are clear and can be easily interpreted. They are the most 

commonly used in international practice and should not cause distrust and 

controversy, at least as a concept. Labour productivity based on gross output is the 

amount of total output (as physical units), which is produced on average by one 

labour unit. It can serve as an indicator of the need for labour resources to produce a 

certain amount of total output. At the same time labour productivity based on value 

added shows the average amount of value that is added during the production process 

per unit of labour. Both metrics are easy to calculate, and both are nonpa-

rametric. Formulas (1) and (2) respectively present the necessary calculations: 

(1) Productivity of labour based on gross output 
L

Q
PQ =  

(2) Labour productivity based on value added: 
L

V
PV =  

using the following notation: 

Q - total volume of gross output in the relevant industry; 

V - total volume of value added in the relevant industry; 

L - total volume of labour in the relevant industry. 

Both indicators can be used to analyze changes over time of labour 

productivity. This can be done on the basis of the following indices - formula (3) for 

the case of gross output and formula (4) for the case of value added. Superscript 

indices 0 and 1 denote the base year and the present year respectively: 



St. Petranov. Estimation of Labour Productivity at Industry 

Level – Theoretical Aspects and Practical Application 

135 

(3) 

0

1

0

1

0

0

1

1

0

1

L

L

Q

Q

L

Q

L

Q

P

P

Q

Q
==   

 

(4) 

0

1

0

1

0

0

1

1

0

1

L

L

V

V

L

V

L

V

P

P

V

V ==   

Formulas (3) and (4) follow the common statistical practice for presenting 

productivity changes on the basis of indices. This could not be a problem, because in-

dices can easily be converted into percentage changes - for the case of output-based 

productivity the percentage change will be 1001
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− respectively. 

Formula (3) indicates that the growth of labour productivity based on gross 

output can be represented by an index, which in turn is calculated as the ratio of two 

indices – a quantity index of gross output and a quantity index of labour input. 

Similarly, it follows from formula (4) that the growth of labour productivity based on 

value added can be calculated by an index which in turn is a ratio of two indices - a 

quantity index of value added and a quantity index of labour input. 

It is extremely important for the correct interpretation of these indicators to take 

into account the fact that they are partial indicators of productivity because they reflect 

the joint result of a number of factors that have impact on labour productivity. The 

change in these productivity indicators over time is due to the change in personnel’s 

intensity and quality of the work. But not only to this. The change in these indicators 

could also be the result of changes in the volume of physical capital, technical progress 

embodied in the means of production or in the intermediate products, organizational 

improvements, changes in the scale of production, changes in the degree of utilization 

of production capacities, and the inevitable measurement errors. Therefore, it will be 

more accurate to say that labour productivity as an indicator shows just to what extent 

labour is effectively combined with other factors of production. 
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3. Selection of an indicator for the output 

In Section 3 of the present article two different indicators are proposed – one 

based on gross output and the other one based on value added. They both have the 

desirable characteristics a) - d) described in Section 2. They are theoretically well 

founded, they are not parametric and data for calculating them are published on a 

regular basis by a public authority - the NSI. In the economic literature there are 

different views on which of these two indicators should be preferred when 

calculating labour productivity. In order to be able to justify the choice of one of 

them, their economic meaning should first be taken into account. At the same time, 

the quality of the results obtained will depend on the availability and relevant 

characteristics of the statistical data, as well as the methods of their processing. 

At the level of economic activity, gross output is conceptually a measure of the 

size of total production in a given sector or industry and includes both final products 

and intermediate products. In particular, it includes: 

• sales of products (final and intermediate); 

• increase or decrease in inventory of produced goods; 

• produced fixed assets for own use; 

• value of services when processing outsourced production; 

• value of materials when processing outsourced production; 

• value of capital repair for own use; 

• changes in inventory of unfinished production and semi-manufactured pro-

duction. 

Sales by one enterprise in the relevant industry to another enterprise in the same 

industry should be eliminated and only sales outside the industry concerned should 

remain. Otherwise, such intra-industry deliveries will cause double counting (Gollop, 

(1979), Gullickson, Harper (1999)). 

On the other hand, when the value of industrial consumption is subtracted from 

gross output, a gross value added measure is obtained. This is the value added by the 

industry. From the point of view of income gross value added is an indicator of the 

income generated by primary production factors. The latter, in turn, are those that 

according to static production analysis are considered exogenous - labour and capital. 

Gross value added can, in principle, be valued in four different ways. If products 

are valued at the prices paid by final customers, gross value added is estimated at 

market prices. If wholesalers’ and retailers’ discounts are deducted, as well as value 

added tax, gross value added is then estimated at production prices. If subsidies are 

added to the output and output taxes deducted, gross value added is obtained at basic 
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prices. Finally, if output taxes are deducted and production subsidies are added, gross 

value added at factor costs is obtained. 

From the point of view of labour productivity, the last two indicators are of the 

highest information value. The first two include value generated in trade, not in 

production, as well as taxes on production and value added tax. Apparently, increases 

in mark-ups for wholesalers and retailers or tax increases are not associated with an 

increase in labour productivity per se. 

In principle, it would be better to measure gross value added at factor costs, but 

here a practical problem may arise. The data available from NSI for nomenclature A 

64 provide value added at the level of economic activity at basic prices. While this is 

not the best option, however, this disadvantage is not very significant given that there 

is no substantial production subsidies for the relevant industry and production taxes 

do not change sharply over time. 

As can be seen from the definitions, both gross output and gross value added 

include depreciation which measures the loss of market value of capital goods over 

time. In earlier economic literature, there are opinions that, when studying 

productivity, measurement of the result should not include depreciation (Denison 

(1974)). But at present the contemporary understanding which prevails is that in the 

result, be it output or value added, depreciation should be included. The main 

arguments for this view are based on the logic of production theory and can be seen in 

the publications of a number of economists - Jorgensen (1996, 1995), Jorgensen, 

Griliches (1967), Hulten (1996). 

By comparing the two options, it can be concluded that the indicator based on 

value added would be in principle a better one. It should be used provided that there is 

data for both indicators. The reason for this conclusion is that this indicator avoids the 

impact of the degree of vertical integration in the production process. 

When productivity is measured on a gross output basis, the result depends on the 

ratio between intermediate resources and labour resource that are used for production. 

When vertical integration deepens, labour productivity will increase, and if vertical 

integration is reduced, productivity will decrease without substantially altering 

personnel’s quality and intensity of work. For example, if an enterprise outsources 

production to another enterprise, it will replace primary resources, including labour, 

with intermediate products. In this case, the productivity in the particular enterprise 

will increase because the same gross output, as a final result, will be obtained with 

less labour input. Conversely, if an enterprise internalizes production of an 

intermediate product that has previously been purchased from another producer, 

productivity will fall automatically because the same gross output will be produced 
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with more labour. These are changes in the degree of vertical integration, which are 

related neither to the quality and intensity of work, nor to a change in physical capital 

or technology. 

Value added based productivity is much less (or not at all) depending on the 

degree of vertical integration. In this case the integration does not play a significant 

role. When an item is outsourced, labour in the enterprise is replaced by a product of 

another producer. Correspondingly, the value added in the enterprise is reduced, but 

labour is reduced as well. The first automatically reduces labour productivity, the 

second automatically increases it, so they mutually compensate to some extent. The 

final result may be different from the initial productivity, but the differences (if any) 

are not drastically large and changes are not in the same direction, as is the case with 

gross output based productivity. 

Moreover, productivity based on value added at industry level can be aggregated 

at the macroeconomic level to obtain productivity for the whole economy. As a result 

the average income per employee could be estimated, which is a measure of living 

standards in the country and is an indicator of great importance to macroeconomic 

policy. It also provides the opportunity for productivity at macroeconomic level to be 

decomposed to different components representing the productivity in different 

economic activities. 

Beyond the logic of the indicators, it is also important that internationally, gross 

value added is more often used as a measure. Therefore, working with this indicator 

provides wider opportunities for international comparisons. 

On the basis of the above arguments, labour productivity at the level of 

economic activity should be measured on the basis of added value. However, the final 

choice must also be consistent with the data available. 

4. Selection of an indicator for the input 

When calculating labour productivity, the amount of labour units is considered 

as input. This amount is in principle reported statistically on the basis of four 

categories: 

• Number of hours worked; 

• Number of full-time equivalent occupied persons; 

• Number of occupied persons; 

• Number of employed persons. 

Data on all four indicators are available from the NSI. According to the work 

schedule of the NSI, the data for each year are prepared nine months after the end of 

the respective year. 
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In line with the theory of production, the amount of labour input is most 

accurately to be measured by the hours worked. In general, this indicator includes: 

• actually worked hours as normal working hours; 

• extra hours worked; 

• time at work used for workplace preparation, maintenance and repair work, 

cleaning and preparation of tools, etc.; 

• time corresponding to short rest periods at the workplace; 

• time spent at work waiting or in standby due to temporary lack of work or 

damage to machinery and equipment. 

It should be mentioned that the reporting of this indicator in the national practice 

of NSI, but also in the international practice as well, encounters certain technical 

difficulties. One set of problems is due to the fact that the data is collected from two 

sources - Labour Force Survey and Report on employees, working time, wages and 

other labour costs. This may lead to inaccuracies and inconsistencies and inevitably 

necessitate additional assessments and synchronization of the data from the two 

statistical sources. 

The Labour Force Survey is conducted among households and proceeds from a 

socio- economic point of view in order to establish such characteristics of the 

workforce as education, age, second job, types of employment contracts, etc., whereas 

the Report on employees considers the workforce as a factor of production. The 

Report counts jobs rather than employees. For example, a worker who works in more 

than one place in this Report will be counted more than once. Also, data in the Report 

are typically collected from enterprises that are above a certain size, so there is no 

complete coverage of an economic activity. In addition, the very definition of 

economic activity may be inconsistent and inaccurate, because in the Labour Force 

Survey, it depends on the respondent’s responses and not on the rigid administrative 

classification, as in enterprises’ reports. Another difference between these two 

sources of data may also derive from the possible different treatment of the concept of 

"hours worked". In the Labour Force Survey, respondents often consider as normal 

working hours those working hours, which is more than standard but still regular. 

This is why in most cases, the normal work time from the Labour Force Survey turns 

out to be more than the normal working time taken from the enterprises’ reports. 

Another possible inaccuracy of reporting "hours worked" is related to the fact 

that their precise measurement is only possible when it comes to labour working and 

paid on an hourly basis. The reporting of hours worked by employees on monthly 

salaries, administrative staff and enterprise management is more difficult because, in 
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terms of production costs, it is assumed that they work within the agreed normal 

working hours, while the hours actually worked may be different. 

The most significant differences between the amount of labour input, measured 

by the number of people and by hours worked, are due to holidays, sick leave and 

vacations. The amount of holidays and vacations can be assessed on the basis of the 

current legislation or on the basis of collective labour agreements (if any). 

Comparative analytical materials from the international practice show that the Labour 

Force Survey tends to overestimate hours worked and underestimate job absences due 

to sick days or holidays. 

The listed inaccuracies in the reported hours worked give rise to statistical errors 

of measurement that are unavoidable. These could be a more significant issue only in 

the case of possible international comparisons of countries that work using different 

methodologies for estimating and reporting the above-mentioned specificities. But 

when it comes to data for a country where the statistical office systematically works 

with the same methodology, these inaccuracies are small and could only be more 

significant when changing the methodology. From this point of view, for the purpose 

of studying the labour productivity in Bulgaria, ifpossible, the "number of hours 

worked" should be preferred as an indicator compared the other options for measuring 

the amount of labour input. This indicator is most closely related to the amount of 

services provided by the labour compared to the other possible indicators listed 

above. 

The remaining indicators are generally less suitable, although they can be used 

in the absence of hours worked. The lowest information value has the number of 

employees and therefore it should only be used if for some reason other data is 

missing. This indicator takes into account neither the changes in average working 

hours, nor the possibility for people to have more than one workplace, nor the self-

employed and the unpaid family workers (if any). 

Higher information value has the number of occupied persons. However, it is 

inferior to the "number of hours worked" because the average working time can 

change when the number of paid days is changed or the number of public holidays 

changes or when the number of people working part-time changes. 

The "number of full-time equivalent occupied persons" by definition is obtained 

as the number of man-hours worked divided by the average annual number of hours 

that correspond to full time employment. In this case, part-time workers are counted 

with a proportionately less weight than full-time workers and therefore this indicator 

overcomes the deficiency of the "number of occupied persons" and "number of 

employed persons" indicators. Therefore, it has a higher informational value than 
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these two indicators, but it is still inferior to the "number of hours worked" because it 

does not take into account the changes in the hours worked by full- time workers due 

to possible changes in the legislation or in collective agreements with employers. 

5. Selection of an index 

In order to accurately measure changes in labour productivity, it is necessary to 

eliminate the impact of the prices of output. Therefore, it is necessary to have the 

output indicators, whether gross output or gross value added, at constant prices. 

As shown in Section 3, changes should be tracked on the basis of indices, each 

of which is calculated by dividing a quantity index for the output by quantity index 

for the input (formulas (3) and (4)). The reason for the need to use indices is the 

heterogeneity of the goods and services being produced. This heterogeneity does not 

allow for simple adding of physical units from a different nature. Therefore, it is 

important that a proper formula for calculating the necessary indices be chosen. 

There is a need to make two choices here. One is related to the choice of which 

index has to eliminate the impact of prices. Possibilities include the usual Laspeyres 

and Paashe indexes. Their definitions and properties are widely known and can be 

seen in standard reference books and statistics textbooks – for example Kendall, 

Buckland (1982) or Diewert, A. Nakamura (1993). But it is also possible to use the 

Fischer index, which is a geometric mean of the Laspeyres and Paashe indices or the 

Törnqvist index. These indices are representatives of the so-called "superlative 

indices" which have certain advantages over the Laspeyres and Paashe indices 

(Diewert (1976)). Moreover, the Laspeyres and Paashe indices imply a production 

structure with fixed coefficients, whereas the Fisher and Törnqvist indices do not 

have this limitation and thus cover a wider range of possibilities (Caves et. al. (1982), 

Balk (1998)). 

On the other hand, the comparison between Fisher and Törnqvist indices 

indicates that the Fisher index is preferable. The reason is that the Törnqvist index 

does not meet all axiomatic criteria and is less intuitive ( Diewert (1992)) . 

The second choice one has to make, is between chain indices and indices with a 

constant base. In the first case the comparison of productivity is year by year. For 

example a zero and a second year are compared indirectly by estimating the change 

from year zero to year one and then from year one to year two. For every year the 

benchmark is the previous year and so the years are chained together. In the case of 

fixed-base indices, the comparison is direct, because the indices have common base. 

A comparison between a zero year and a second year can be made directly, with a 

benchmark either one of them. 
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In statistical theory there clearly dominates the view that dynamic comparisons 

are better studied with chain indices. The reasons are several. Above all, Coelli et al. 

(1998) show that, as chain indices compare consecutive years, they measure relatively 

small changes and as a result the approximations are better. There are also purely 

technical considerations. Chain indices minimize the distortion that can be derived 

from the presence of a substitution effect on indices using the Laspeyres formula. 

Another advantage is that the differences between indices using the Laspeyres 

formula and the Paashe formula are smaller in the case of chain indexes 

(Diewert,(1978)). A detailed discussion of the advantages and disadvantages of chain 

indexes versus fixed-base indices can be found in Szulc (1983) or Hill (1988). 

Conclusion 

From a conceptual point of view, labour productivity is a clear and very useful 

indicator for studying a number of processes in the economy. Nevertheless, its 

practical application at the level of economic activity may encounter a number of 

difficulties that need to be considered when working with this indicator and 

interpreting the obtained results. 

Difficulties arise primarily from the fact that there are different options for 

choosing the variables which are needed for the indicator to be calculated. As a result, 

it is necessary to make a choice depending on the purpose of the study and the 

availability of relevant data. An additional difficulty arises when the growth of labour 

productivity over time is under study as it requires the construction of indices with 

relevant properties. 

Based on the arguments set out in the article it is possible to conclude that under 

the current conditions in Bulgaria (availability and disaggregation of data) labour 

productivity at the level of economic activity is best estimated on the basis of gross 

value added at basic prices and number of hours worked. It can be also concluded that 

labour productivity growth is best estimated on the basis of chain indices using the 

Fisher formula. 
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