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Abstract 

In this paper we use Croatian firm level data for the 2003-2012 periods. We investigate productivity and 

export premium. We estimate total factor productivity by using the Levinsohn and Petrin semi parametric 

estimator and we find evidence of export premium.  This paper is a small contribution in the vast 

literature of firm level data for Croatia, as a Balkan country and as the last country to join the European 

Union. This paper invites further research in firm performance-export relationship for Croatia, given the 

importance of the subject. 
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Introduction  

The role of trade has attracted the interest of many researchers. The internationalization process of firms 

is very important and serves for better policies. In the literature we find a large and growing body dealing 

with the relationship firm's productivity - export
1
 decisions. Firm's exporting decisions are related to the 

productivity measure and there is still a big discussion on the impact that TFP has on trade. Being export 

oriented is crucial for long term and sustainable growth. According to (Melitz, 2003)and (Bernard and 

Jensen, 1999) only those firms with a productivity level above a certain threshold should be able to begin 

exporting, by overcoming costs that are associated to entering the export market. (Melitz, 2003) 

emphasizes the role of exporting in the model which links heterogeneous firms and industry productivity. 

Most of the literature covers the link between growth and export in a macro-level perspective, even 
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though many policy makers have measures and analyze exporting firm's characteristics in the micro-level 

perspective. We study total factor productivity and export premium in the context of Croatia. This is one 

of the first analyses that closely examines the productivity and export in a firm level basis in Croatia. 

Furthermore Croatia, as most Balkan countries experienced a difficult period after the `90s because of the 

political and economic instability. The recovery period was slower than in other CEE countries because 

economic reforms has been slower (Estrin and Uvalic, 2014). Using a representative sample of firms, this 

paper presents microeconomic evidence on firm productivity in Croatia
2
 over the 2003-2012 period and 

on export premium. Several micro level studies have documented different methodologies of productivity 

i.e. OP/LP estimator, labor productivity, Solow’s residual (a conventional method), Stochastic Frontier 

Production Function (SFPF), Data Envelopment Analysis (DEA). The novelty of this paper lies on the use 

of recent data from 2003-2012 to establish the firm performance and to estimate export premium. One 

challenge of this paper is that results can be biased due to unobserved characteristics and/or potential 

endogeneity of export. Another challenge is the attempt to capture relationship by economic theory due to 

data limitations and firm heterogeneity. The main objective of this paper is to investigate productivity and 

export premium in Croatia and to contribute in the vast literature for better policies. The rest of the paper 

is organized as follows: section 2 describes the data and the variables used. Section 3 provides the 

literature review Section 4 provides the empirical models and the methodologies used within the paper to 

estimate TFP and export premium. Section 5 discusses the empirical results and Section 6 concludes. 

 

Data and descriptive statistics 

Our analysis is performed on a representative sample of 64712 Croatian firms obtained from Bureau Van 

Dijk Electronic Publishing (BvDEP). The sample is composed by small, medium and large firms with 

country and sector (two digit level) control variables. We use the Amadeus database with information on 

financial activity for public and private enterprises. We have financial information about firms, in regard 

to the balance sheet and the profit and loss account. Our working data set is an unbalanced panel data, 

which means that we observe many time periods and many firms with some gaps
3
. We assume correlation 

(clustering) over time for each firm (meaning that the dependent variable is correlated over time), and 

independence over firms (meaning that the dependent variable in independent from other firms).  

Industry sectors are classified according to NACE rev2 and we include in our analysis only firms that 

operate in the manufacture and service sector. We exclude sectors with NACE higher than 84. Prior to 

any analysis we clean the dataset from outliers. First we drop observations with negative values of 

tangible fixed assets, sales, number of employees and material costs. We exclude firms that report zero 

number of employees or tangible fixed assets. We drop observations with growth values added, growth 

capital, growth labor and growth material costs greater (smaller) than 99th (1st) percentile. Monetary 

values are expressed in Euros and we deflate nominal values with the GDP deflator
4
 in percentage 

retrieved from the World development Indicators of the World Bank. Firms are furthermore classified into 

four categories according to the number of employees, sector, ownership and export status. Based on the 

number of employees we create a categorical variable size which is coded 1 for micro firms, 2 for small 

firms, 3 for medium firms and 4 for large rms. The variable sector is coded 1 for firms operating in the 

manufacture sector, and 0 for firms operating in the service sector. We refer here to the sector
5
 of firms 

depending on the NACE rev.2 classification. The variable ownership is coded 1 for foreign owners, and 0 
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for domestic owners. Export is a dummy variable which is created from the export revenue variable. It is 

coded 1 if the firm exports, and 0 otherwise. Age of firms is calculated as the difference between the year 

when the firm is reporting and the minimum reporting year of the firm. We are here using the logarithmic 

value of age. In this paper we use the Levinsohn and Petrin methodology to estimate TFP, because it 

controls for potential endogeneity of inputs. The output is measured by using the value added case. The 

value added variable is created as the difference between two other variables sales and material costs. For 

the variable labor we use the number of employees (log-lag values) and for the variable capital we use 

tangible fixed assets (log values). We use the levpet programme written by (Petrinet al.,2004)in STATA 

(12.1). Table1 shows descriptive statistics for firm's classification according to their characteristics. 

 

Table 1: All firms 

 
 

We notice an increasing number offirms from 2003 to 2009, and then a decreasing number of firms from 

2009 to 2012. The number of micro firms is higher than their counterparts during 2003-2012 periods. Our 

sample is dominated by micro firms which represent about 74.72% of the whole sample. Small firms 

represent about 19.58% and medium (large) firms represent respectively 4.58% (1.12%) of the whole 

sample. In 2003 (which is the first year in our database) we notice the lowest number of all categories of 

firm's size. The highest number of micro (small) firms is registered in 2009 (2007), and the highest 

number of employees of medium (large) firms is registered in 2007 (2008). About 77% of firms do not 

engage in exporting activities, while the remaining 23% do engage in exports. In 2007 we notice the 

largest number of exporting firms, while non-exporting firms reach their peak in 2009. After 2007 the 

number of exporting firms decreases, due to mechanisms that are not part of this paper. According to the 

sector where firms operate, we find that about 79.5% of firms operate in the service sector, and only 

20.5% of firms operate in the manufacture sectors. The largest number of domestic (foreign) firms is 

reached out in 2009 (2007). About 98.07% of all firms in the database have domestic ownership, and the 

remaining 1.93% have foreign ownership.  

 

Literature review on productivity and export 

We begin the literature review with the latest papers published in Croatia regarding the relationship trade- 

firm performance. (Raguz et al., 2012) analyze Croatian firms over the period 1952-2008. In their paper 
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they assess how the effect of transition (introduction to market mechanisms in the 1990s) aspects total 

factor productivity. They used the growth accounting method to estimate TFP and test econometrically 

TFP data/share for potential structural breaks. They found that the transition period had had a significant 

contribution on TFP growth rates and no significant effect on TFP share in GDP growth. A recently 

published paper by (Valdec and Zrnc, 2015) analyses firm level aspects in Croatia over the 2002-2012 

period where a strong evidence of export premium is found. On the one hand they confirm self-section of 

firms into exporting markets, and on the other hand they confirm in very few cases the learning by 

exporting hypothesis by using the propensity score match. Another study for Croatia is presented by 

(Cudina et al., 2012), where results confirm the export premium.  

In a working paper research of (Berthouet al.,2015)provide cross country analysis for 15 European 

countries. The main focus is competitiveness and the link productivity export. They found that across 

countries productivity premium of exporters has substantial heterogeneity, and for Croatian firms they 

state that exporters are 20% more productive than non-exporters. (Iootty et al., 2014)state that Croatia 

need to be oriented towards a growth model driven by exports and competitiveness because exporting 

firms are known to sustain growth and create more jobs. In their research they find TFP using the 

Levinsohn and Petrin methodology, across to labor, capital and unit labor cost. (Herceg, Jakovic, and 

Rkman, Herceget al.) analyze TFP in Croatia for the computer industry. (Wagner,2012)has conducted 

aliterature review where summarizes the major papers published in the field of international trade and 

firm performance. International trade is represented by export-import and firm performance represent by 

productivity, wages, survival and profitability. (Wagner, 2016) has done an exhaustive review of the 

literature by collecting findings from empirical studies on exports and productivity. According to 

(Clerides et al., 1998) the more productive a firm is the higher are the profits from exporting
6
. 

 

Methodology 

Total factor productivity  

Total Factor Productivity
7
 has attracted the attention of many researchers including (Arellano and Bond, 

1991) and (Blundell and Bond, 1998) with the dynamic panel estimators. Other authors have used the 

structural estimators i.e. (Olley and Pakes, 1996), (Levinsohn and Melitz, 2002), and (Ackerberg et al., 

2015). TFP also known as the output per unit inputs is considered a part of the circular ow model. But 

how productivity is related to export decisions? Entering the export market has extra exporting costs. In 

order to become part of the foreign market, firms need to overcome them. Firms need to be profitable 

enough, to exceed a certain threshold level of productivity inorder to overcome exporting costs
8
. Many 

times productivity has been called as a 'driver of exports'. Total factor productivity is widely used to 

measure the impact of different policies, and it is obtained as a residual of the functional relationship 

between the output inputs and productivity. A Cobb-Douglas production function is widely used to relate 

output to inputs. 

 

                                                                     𝑌𝑖𝑡 = 𝐴𝑖𝑡𝐾𝑖𝑡
𝛽𝑘𝐿𝑖𝑡

𝛽𝑙𝑀𝑖𝑡
𝛽𝑚 (1) 

 

Yit is the output of firm i in period t. Ait is the Hicksian neutral efficiency level of firm in period t; and Kit 

Lit and Mit represent the inputs of capital, labor and materials. 
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                                                              𝑣𝑖𝑡 = 𝛽0 + 𝛽𝑘𝑘𝑖𝑡 + 𝛽𝑙𝑙𝑖𝑡 +  𝜖𝑖𝑡 (2) 

 

𝜔𝑖𝑡  represents the productivity shocks that can potentially be observed or be predicted by firms when 

making input decisions.𝜖𝑖𝑡  represents the unpredictable shocks in productivity or in production before the 

input decisions in time t. 𝜖𝑖𝑡 represents the serially correlated measurement errors in the output. Both𝜔𝑖𝑡  

and 𝜖𝑖𝑡  are known as two econometric unobservable. Firm chooses labor and capital, and if the firm has 

knowledge on 𝜔𝑖𝑡  prior to input decisions, it means that input choices will depend on𝜔𝑖𝑡 . This 

dependence will result in correlation between capital, labor and productivity (kit; lit) and𝜔𝑖𝑡 . Estimating 

equation (2)
9
 with OLS regression may result in biased inputs coefficients and simultaneity issues. 

According to (Marschak and Andrews, 1944) simultaneity arises when there is a serial and 

contemporaneous correlation between inputs and unobserved shocks
10

. Contemporaneous correlation: 

when decision-making about labor and capital for firms are in response to current and future profitability. 

Furthermore (Griliches and Mairesse, 1995) state that the impossibility of the econometrician to control 

for input's choice, and the ability of the firm to make its own decisions respect the simultaneity problem. 

Simultaneity violates the OLS conditions of unbiased and consistent estimates. A more detailed 

explanation of the Levinsohn and Petrin estimation procedure is presented at the end of the paper in the 

Annex. (Van Beveren, 2012) makes an overview of possible issues
11

 that researchers encounter when 

estimate TFP and argues what are the best techniques to overcome them.  

Using OLS as a traditional method to estimate TFP creates a simultaneity/endogeneity problem (because 

of the correlation TFP-input choice). Later on, other methodological issues have emerged i.e. selection 

bias. Researchers use different methods to deal with simultaneity and endogeneity of inputs i.e. the fixed 

effects (FE), the instrumental variable estimator (IV), Generalized Method of Moments (GMM), 

Levinsohn and Petrin (LP), Olley and Pakes (OP). The above mentioned four estimators of TFP have 

been subject of many critics, so in their response (Ackerberg et al., 2015), (De Loecker, 2007). 

(Katayamaet al.,2009)and (Wooldridge,2009)have proposed their respective TFP estimators. In this paper 

we use the LP estimator
12

. Prior to the LP estimator (Olley and Pakes, 1996) had used a semi-parametric 

method which solves the simultaneity problem and the selection bias. For the simultaneity issue they 

propose the use of firms’ investment decisions as proxy for the unobserved productivity shocks and for 

the selection issue they use an exit rule into the estimation. For the unobserved productivity (Levinsohn 

and Petrin, 2003) use as proxy the intermediate inputs
13

 because intermediate inputs respond to the entire 

productivity term and the link between the estimation strategy and the economic theory can be simpler. 

Intermediate inputs respond to the entire productivity term, while investment may not respond to the 

entire transmitted shock
14

. Investments are state variables while intermediate inputs are considered not 

state variables. Given that investments have some adjustment costs, which can have an impact in the 

investment's response to the transmitted shock. There are several issues related to the use of investment as 

a proxy i.e. investment data sometimes can be truncated by firms, or investment data can be missing or 

some firms may report zero investments. Using intermediate inputs (i.e. electricity ormaterial inputs) 

(Levinsohn and Petrin, 2003) overcome these issues. Intermediate inputs data are presented as a function 

of 𝜔𝑖𝑡and kit and never being reported as zero, only in a situation when the firm decides to stop the 

activity. According to (Levinsohn andPetrin,2003) firstly the error term (or productivity) which is 
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considered a transmitted component may have the forecastable and the non-forecastable components. If in 

the transmitted shock there is a predictable part it suggests that during the adjustment process
15

 the focus 

will be on this predictable part. Which doesn't resolve the simultaneity problem, because the freely 

variable inputs respond to the forecastable and the 'news' components. Secondly future expectation may 

notchange if there is an i.i.d (independent and identically distributed random variable) component for 

every shock during time that leads to productivity improvement. But this i.i.d component can affect the 

input levels for freely variable factors, so causing a correlation between this i.i.d
16

 component and the 

variable inputs. Investment proxy don't capture this component of the 'productivity shock' by leading to 

non-consistent parameters estimates. The input choice l of firm in time t 1 don't have any impact in the 

usage cost of input in timet. This is a structural assumption required to identify lit by inverting
17

 the 

investment function as proxy for 𝜔𝑖𝑡 . In the (Levinsohn and Petrin, 2003) case, both labor and 

intermediate inputs are considered perfectly variable inputs. Firstly the firm chooses the level of 𝜔𝑖𝑡and 

then chooses the intermediate inputs (within the same period t). Otherwise it would be impossible to 

invert the function of intermediate goods demand. 

 

Export premium 

To understand the differences between exporters and non-exporters we measure export premium. The 

main variables of interest here under the CONTROLS variable are total factor productivity (TFP), sales, 

capital, wage, assets and sales. Export premium is estimated as in equation (3). Results for each year are 

reported in table 5. The computed estimations from the regressions of firm characteristics on export 

dummy variable and a set of control variables for each firm (i) in each year (t). 

 

𝑙𝑛𝑋𝑖𝑡 = 𝛼 +  𝛽 ∗ 𝐸𝑋𝑃𝑖𝑡 + 𝛾𝐶𝑂𝑁𝑇𝑅𝑂𝐿𝑆𝑖𝑡 + 𝜖𝑖𝑡                                           (3) 

 

Table 2: Descriptive statistics (exporters vs non-exporters) 

 
 

Empirical results 

Results from three estimations (OLS, FE and LP) on total factor productivity, their coefficients and their 

standard errors are presented in table4. We get higher values for the 𝛽𝑙coefficient in the fixed effect 
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method than from the Levpet method. But for the𝛽𝑘coefficient we get higher value in the Levinson and 

Petrin method than in the FE. Theory suggests that FE estimator corrects for the selection bias and 

simultaneity. In her research (Van Beveren, 2012) uses active firms in Belgium and compares different 

methodological issues. Comparing OLS to FE estimation (Van Beveren, 2012) expects higher 𝛽𝑙  

coefficients and 𝛽𝑚  in OLS and a lower coefficient for𝛽𝑘 . Comparing the OLS coefficients with LP 

coefficients she finds that 𝛽𝑘 in the LP estimation is higher than in OLS; and 𝛽𝑙and 𝛽𝑚  are higher than the 

OLS counterpart.(Petrin et al., 2004) find differences between FE coefficient estimates and OLS and LP 

estimates. In table 4we present the correlation between the three methods. We notice positive and strong 

correlation. 

 

Table 3: Correlation for TFP estimations methods 

 
 

Table 4: OLS, FE and LP estimates 

 
 

In figure 1and figure 2we present descriptive data for total factor productivity. Respectively estimates for 

TFP in three percentiles levels (the 10
th

; the 50
th

 and the 95
th

) and the box plot for the 2003-2012 period. 

 

     
Figure 1: TFP in percentiles by LP method  Figure 2: Box plot for TFP 

 

We present the Kernel densities for firms according to the export status, to the ownership, and size. 

Referring to figure 3we conclude that large firms, even though they represent the lowest number of firms 
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in the dataset have the highest TFP. Followed by medium firms, small firms and micro firms (with the 

lowest TFP whose comprise the majority in the dataset). Referring to figure 4our conclusions are in line 

with most studies found in the literature. Exporters are more productive than non-exporters. The Kernel 

density plot for exporters is skewed to the right compared to the Kernel density plot for non-exporters. In 

figure 5 we state that firms with foreign owners have a higher productivity than firms with domestic 

owners, considering that our dataset has only 1.93% of foreign owned rms. We notice a right skew for 

foreign firms. 

(Insert figures 3, 4, and 5) 

 

    
Figure 3: Kernel density over size     Figure 4: Kernel density over export 

 

 
Figure 5: Kernel density over ownership 

 

Table 5 presents the estimated results for the difference between exporters and non-exporters. Our 

findings are like to most previous empirical studies. Exporters through all the years have higher sales, pay 

higher wages to their employees, and use more assets and capital. By using Kernel densities we show that 

for exporters kernel densities are skewed to the right. In 2003 exporting firms have 57.6% higher sales, 

they pay 21.1% higher wages; they have respectively 47.4% and 66.7% higher capital and assets usage 

than their counterparts. In 2008 exporting firms have 68% higher sales, they have 25% higher wages 

payments, and they have higher use of capital and assets by 40.7% and 70.8% than their counterparts. In 

2012 exporting firms have 70.6% higher sales, 25.1% higher wages, and they have higher use of capital 

and assets by 31.6% 77.9% than their counterparts. 
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Table 5: Export premium OLS regression of log values of firm characteristics on export status 

 
 

(Insert figures 6, 7, 8and 9) 

  
Figure 6: Kernel density for assets   Figure 7: Kernel density for wage 
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Figure 8: Kernel density for sales   Figure 9: Kernel density for capital 

 

Conclusions 

We find TFP levels for firms in Croatia for the 2003-2012 period using the Levinsohn and Petrin method. 

Using the LP estimation we get lower coefficients for the labor variable and higher coefficients for the 

capital variable (compared to FE method). The final results suggest that TFP distributions of exporters, 

foreign owned firms and large firms are generally to the right. For the export premium, we conclude that 

there are differences between exporters and non-exporters in terms of sales, wages, use of assets and 

capital. In our knowledge there are gaps around firm performance and international trade in research that 

follow from our findings that deserve further investigation. For future research we can include the 

analysis of two hypotheses: the learning by exporting and the self-selection. Also further research might 

compare several Balkan countries. There is need for further economic analysis about the global financial 

crisis and its impact on firm productivity. 

 

Notes 

 
1 Their relationship is a dual, the more productive firms exceed the costs to entry the export market and 

self-select, after entering the export market they have the possibility to increase their TFP as learningby 

exporting effect
 

2
As part of my PhD thesis this paper focuses on Croatia, the whole research includes other countries like 

Bosnia and Herzegovina, Serbia and Montenegro. 
3
Some of the firms are not observed through all of the years, or we have some missing observations for 

some variables 
4
GDP deflator measures inflation and shows the rate of price changing in the whole economy. It is 

calculated as the ratio of GDP in current local currency to GDP in constant local currency 
5
A firm operates in the manufacturing sector if NACE 4 digit variable <3330. A firm operates in service 

sector if 4510 <NACE 4 digit variable <8299. 
6
Not all firms are exporters, only those with profits that exceed sunk costs 
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7
There are several studies on TFP measurements related to the agricultural economy and to the 

manufacturing economy and other industries in different regions around the world. There are studies for 

Chinese firms (McMillan et al., 1989), (Lin, 1992), (Wen, 1993), (Huang et al., 1999), (Fan and Pardey, 

1997),(Jin et al.,2002);for Vietnamese firms (Pingali and Xuan,1992),(Brandt and Benjamin,2002),for 

MENA region firms (Bisat et al., 1996) and (Eken et al., 1997), (Semlali, 1999); for Indonesian firms 

(Timmer, 1999), (Aswicahyono, 2000), (Osada, 1994), (Nickerson and Konings, 2007). 
8
Cost are related to gaining knowledge about the export market, using new and up to date technology to 

accomplish the demanded standards of the export market, improving the products depending on consumer 

preferences, and creating new distribution networks etc.  
9
The value added case means that vit = yit-mit 

10
Correlation between the error and the inputs for the firm i and across time t 

11
Simultaneity and selection bias, deflated values of inputs and outputs, and endogeneity of product 

choice 
12

They use Chilean data retrieved by Chile's Instituto Nacional de Estadistica (INE) from 1979 to 1986. 

Plant level data for 6665 plants with at least ten employees in the eight largest industries 
13

(Olley and Pakes, 1996) use investments as proxy for unobserved productivity 
14

In this case there will be violation of the monotonicity condition 
15

If a firm knows that it is doing better towards other firms, then its capital stock will be adjusted 

according to this knowledge. But if capital adjustment is made prior to this shock component, investment 

will probably respond only to this 'news' of the shock 
16

Represent unexpected deviation from the mean due to some measurement error, delays or other external 

situations. 
17

In the contrary, if the firm choice of labor in time t would affect the investment choice, we would not 

have the possibility to identify lit by inverting the investment function 
18

For any value of 𝛽𝑘
∗ and up to a scalar constant 
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