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Abstract

Almost twenty years after transition to a market economy and a few years after EU accession,
the Polish farm sector is still largely underdeveloped and has an extremely low labor productiv-
ity. Studies about Polish farms using Data Envelopment Analysis (DEA) and Stochastic Frontier
Analysis (SFA) report contracting results regarding efficiency levels. Hence, it is not clear whether
inefficiencies are a major cause of the poor economic situation of many Polish farms. Since data
from transition economies are relatively noisy and farms in transition countries generally apply
rather different production technologies, neither the deterministic DEA nor the parametric SFA
seems to be appropriate. As a solution, we apply a semiparametric stochastic frontier analysis,
which has a stochastic component and models the production technology nonparametrically. Our
preliminary results are compared with efficiency estimates, partial production elasticities, and elas-
ticities of scale obtained from the conventional (parametric) SFA. The efficiency estimates of the
semiparametric SFA are highly correlated with the estimates of the conventional SFA but they are
– in contrast to the conventional SFA – rather high. Hence, the low profitability of many Polish
farms cannot be explained by low technical efficiency.
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1 Introduction

Poland is the largest of twelve countries that have joined the EU in the course of its recent Eastern
enlargements. The Polish farm sector is of particular importance because agricultural employment
accounts for an extraordinarily high share of Poland’s total labour force. However, almost twenty
years after the start of the transition programme and a few years after EU accession, the Polish
farm sector is still largely underdeveloped.
While the farm sectors of most Central and Eastern European Countries (CEECs) were dom-

inated by large state-owned or cooperative farms during the period of socialism, small family
farms were prevalent in Poland (Borzutzky and Kranidis, 2005, p. 628). They cultivated approx-
imately 80% of Poland’s utilised agricultural area (UAA) (Lerman and Schreinemachers, 2005,
p. 682). Before transformation, the average size of private farms was only around 5 ha (Borzutzky
and Kranidis, 2005, p. 629). It has increased only slightly during the transformation (European
Commission, 2002, p. 8) and is currently approximately 7.6 ha (GUS, 2007, Table 41). Even EU
accession did not have a significant impact on farm structure (Wilkin, 2007, p. 7).
Although 17% to 29% of total Polish workforce are employed in the farm sector1, the agricultural

sector contributes only 3% to the Polish gross domestic product (GDP) (e.g. Pacuszka, 2005; FAO,
2005). The large gap between the proportion of employment and the proportion of GDP indicates
the low labour productivity of the Polish farm sector (e.g. Lerman and Schreinemachers, 2005,
p. 678, USDS, 2006). Gross value added per agricultural worker in Poland is only 8.4% of the EU-15
average (Pouliquen, 2001, p. 35) and is the third lowest in the EU-27 (European Commission, 2007,
Table 3.3.8.i). Davidova et al. (2002, p. 86, 2005, p. 669) compare Polish farms with farms in two
regions in the EU-15 and find that the net value added per agricultural worker in Poland is only
8.6% of the value in South-East England and 7.0% of the value in the Navarra region of Spain.
This necessarily leads to a low remuneration of agricultural labour, and hence to low incomes from
agricultural production. The resulting lack of profitability is a major problem for Polish farms
(Davidova et al., 2005, p. 665). Given their low profitability, the long-term survival of many farms
is questionable (Davidova et al., 2002, p. 86).
The poor income situation of many farm households has been somewhat alleviated after EU ac-

cession, because the newly introduced direct payments considerably improve the financial situation
of Polish farms (Wilkin, 2007, pp. 6–7). Since these payments are granted per hectare of cultivated
land, operators of smaller farms benefited from them much less — in particular because smaller
farms have a higher labour intensity (Lerman and Schreinemachers, 2005, p. 675) and thus receive
less support per agricultural worker.

1Surveys on the proportion of agricultural employment in Poland present varying results. While GUS (2006, p. 15)
and Góra et al. (2006, pp. 20–21) report a proportion of approximately 17% for the year 2005, Dries and Swinnen
(2002, p. 457), Lerman and Schreinemachers (2005, p. 682), Pacuszka (2005, p. 6) and the USDS (2006) report
proportions between 25% and 29%.
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2 Efficiencies of Polish Farms

The low productivity of Polish farms can be caused by inefficient agricultural production (Kumb-
hakar and Lovell, 2000, p. 2). During socialism, many private and state farms were rather inefficient
(Brada and King, 1993, 1994) and gains in efficiency would have been needed to achieve compet-
itiveness and stabilise farm incomes in a market economy (Brooks et al., 1991, p. 153). However,
most Polish farms are still in a poor economic situation. Zegar and Floriańczyk (2003, p. 14) claim
that one of the main reasons is low efficiency.
A few studies on the efficiency of Polish farms can be found in the literature:2 van Zyl, Miller Jr.

and Parker (1996), Lerman (2002) and Latruffe et al. (2005) analyse efficiency with the Data
Envelopment Analysis (DEA); Munroe (2000, 2001) and Brümmer, Glauben and Thijssen (2002)
apply a Stochastic Frontier Analysis (SFA). While Munroe (2000, 2001) uses a Cobb-Douglas
production function, Brümmer, Glauben and Thijssen (2002) apply a Translog distance function.

Table 1: Efficiency of Polish farms
time method technical scale allocative total
period efficiency efficiency efficiency efficiency

Brümmer, Glauben and Thijssen (2002) 1991–1994 SFA 76% — — —
van Zyl, Miller Jr. and Parker (1996) 1996 DEA 98% 98% 77% 73%
Munroe (2000, 2001) 1996 SFA 57% — — —
Latruffe et al. (2005) 1996 DEA 76% 94% — —
Lerman (2002) 2000 DEA 25% — — —
Latruffe et al. (2005) 2000 DEA 71% 92% — —

Note: The efficiency measures of Brümmer, Glauben and Thijssen (2002), van Zyl, Miller Jr. and Parker (1996), and
Latruffe et al. (2005) have been calculated as unweighted or weighted mean of the published values.

Source: see first column

These studies report varying results (see Table 1). For instance, values for the average technical
efficiency range between 98% (van Zyl, Miller Jr. and Parker, 1996) and 25% (Lerman, 2002).
Neither a clear improvement nor a clear decrease in technical efficiency can be observed over time.
Scale efficiency has been analysed only by van Zyl, Miller Jr. and Parker (1996) and Latruffe et al.
(2005), who report average values of 98% and around 93% respectively. Allocative efficiency has
been examined solely by van Zyl, Miller Jr. and Parker (1996), who obtained an average value of
77%.
The results on the relationship between farm size and efficiency vary.3 Munroe (2000, 2001)

reports that farms larger than 15 ha are less technically efficient. van Zyl, Miller Jr. and Parker
(1996, p. 34) also show that technical efficiency is higher for smaller farms (≤ 15 ha) than for larger
farms (> 15 ha), while allocative efficiency and scale efficiency do not depend on the size of the
farm. However, Latruffe et al. (2005, p. 287) find that most crop farms operate under increasing
returns to scale, which means that these farms are too small. The results of Lerman (2002, p. 8) are

2In the following, we do not consider efficiency analyses of the pre-reform time (e.g. Brada and King, 1993, 1994)
because these studies are not relevant to the current state of the Polish farm sector.

3These findings must be interpreted with care because analyses of the relationship between size and efficiency are
plagued by empirical as well as conceptual problems (Kislev and Peterson, 1996).
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somehow in-between; they indicate that the smallest farms (≤2 ha) and the largest farms (>30 ha)
achieve relatively high technical efficiency, while mid-sized farms are characterised by low technical
efficiency. However, he also shows that 83% of the farms with up to 5 ha have increasing returns
to scale (Lerman, 2002, p. 8), indicating that smaller farms are less scale-efficient.
There are also some results regarding the relationship between efficiency and other factors. La-

truffe et al. (2005, p. 287) show that crop farms are not as technically and scale-efficient as livestock
farms. Moreover, Munroe (2000, 2001) finds a positive impact of the farmer’s experience (measured
as his age) and the modernisation level of the farm (measured as electricity and gas heating use)
on technical efficiency.

3 Parametric, Nonparametric, and Semiparametric Efficiency Analysis

It is highly questionable if the non-parametric deterministic Data Envelopment Analysis (DEA)
and the parametric Stochastic Frontier Analysis (SFA) are appropriate for analyzing farm efficiency
in transition economies at all. Data from transition economies are relatively noisy (Gorton and
Davidova, 2004, p. 6) so that a deterministic approach (such as the DEA) seems to be inappropriate
as it does not allow for noise in the data. On the other hand, small subsistence farms, market-
oriented family farms, and large commercial farms in transition countries generally apply rather
different production technologies so that even flexible functional forms such as the translog cannot
model their production technologies adequately. Hence, a parametric approach (such as the SFA)
seems to be inappropriate (Gorton and Davidova, 2004, pp. 6–7) because it requires the specification
of a functional form and selecting a wrong functional form may lead to severely biased estimation
results.
Given that the data are noisy and production units might have rather different technologies (in

parametric sense), a stochastic and nonparametric approach is required. In cases like this, the
semiparametric approach proposed by Fan, Li and Weersink (1996) could be more appropriate,
because it allows for statistical “noise” and does not require the specification of a functional form
for production technologies. Fan, Li and Weersink (1996) first estimated a nonparametric (average)
production function

y = f(x) + ε, (1)

where y is the output quantity, x is a vector of input quantities, f(.) is a function of an unknown
functional form, and ε is a disturbance term.4 In a second step, they decomposed the residuals from
the first step (ε̂ = y − ŷ) into a constant (µ), a non-negative technical inefficiency term (u ≥ 0),
and a statistical noise term (v):

ε̂ = µ+ v − u. (2)

The constant µ must be included, because the expected values of the error term (ε) and the
statistical noise term (v) are both zero so that including (a positive) µ allows for a non-zero
expected value of v − u, which further allows for positive values of the inefficiency term u (Fan, Li

4Please note that in our specification, we define the average production function f(x) = E[y|x] and the corresponding
error term ε = y − f(x) = y − E[y|x] with E[ε|x] = 0, while Fan, Li and Weersink (1996) define the frontier
production function g(x) = f(x) + µ, and the corresponding error term ε = y − g(x) = ε− µ with E[ε|x] 6= 0.
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and Weersink, 1996, p. 462). Hence, the entire semi-parametric frontier model becomes

y = µ+ f(x) + v − u. (3)

Although this approach seems to be more appropriate than the SFA and DEA in many empirical
applications, it has not been used much in applied studies, perhaps because nonavailability of
softwares. However, this has changed in recent years. In the first step, we use the powerful and
feature-rich “np” package (Hayfield and Racine, 2008) to estimate the nonparametric local-linear
production function. In contrast to Fan, Li and Weersink (1996), we use logarithmic output and
input quantities in the nonparametric regression:

ln y = f(ln x) + ε. (4)

This has three advantages: (i) the gradients of the nonparametric model can be interpreted as
partial output elasticities and their sum as elasticity of scale; (ii) the observations on the logarith-
mic output and input quantities are more equally distributed, which is advantageous when using
constant bandwidths, and (iii) this allows us to use the usual specification of a stochastic frontier
function, where the dependent variable is logarithmic so that the predicted dependent variables
cannot become negative. The bandwidths of the regressors in the non-parametric regression are
selected according to the expected Kullback-Leibler cross-validation criterion (Hurvich, Simonoff
and Tsai, 1998). The Epanechnikov kernel is used for the continuous regressors and the kernel
proposed by Aitchison and Aitken (1976, p. 29) for categorical variables. From this non-parametric
estimation, we retrieve the residuals (ε̂ = ln y − l̂n y). In the second step, we decompose the
residuals as shown in equation (2) above. We use the “frontier” package (Coelli and Henningsen,
2008) to do this decomposition, where the residuals from the non-parametric estimation (ε̂) are
used as dependent variable and the only regressor is a constant (see equation 2). Hence, our entire
semi-parametric frontier model becomes

ln y = µ+ f(ln x) + v − u. (5)

Alternatively, we use a specification that allows for a more flexible adjustment of the frontier in
the second step:

ln y = µ+ λ f(ln x) + v − u. (6)

In this case, we retrieve the predicted (fitted) logarithmic output quantities from the (first-step)
non-parametric estimation (l̂n y) and estimate the following stochastic frontier model in the second
step:

ln y = µ+ λ l̂n y + v − u, (7)

i.e. we use the observed logarithmic output quantity (ln y) as dependent variable and a constant
as well as the non-parametrically fitted logarithmic output quantity (l̂n y) as regressors. However,
in our empirical application, the estimated coefficient λ turns out to be virtually one so that the
extended model (6) becomes virtually identical to the basic model (5) and both procedures return
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almost identical parameter estimates and efficiency estimates.

4 Data

The empirical analysis is conducted using three separate cross-sectional data sets (1994, 2000, and
2006) of Polish farms. We have aggregated the input and outputs to one composite output and four
inputs: land, labour, capital, and intermediate inputs (seed, fertiliser, pesticides, fuel, purchased
feed, . . . ). Furthermore, a categorical variable specifying the region where the farm is located is
added to account for differences in soil quality and climate.

5 Results

5.1 Semiparametric Efficiency Analysis

Currently, we have only preliminary results for the year 1994. The capital input did not have
a significant effect on the output quantity and its marginal products were even mostly negative.
This supports the argument of Latruffe et al. (2005, p. 293) that many Polish farmers made poor
investment decisions in the beginning of the transition period and therefore had stocks of obsolete
capital. As negative marginal products may lead to perverse efficiency estimates (Henningsen
and Henning, 2008), capital was not used as input in this analysis. Figure 1 shows that partial
production elasticities of land and labour are rather low and nearly constant. In contrast, the partial
production elasticity of intermediate inputs is rather high and varies with the input quantity. The
high partial production elasticity of intermediate inputs compared to labour can be explained by
the scarcity of intermediate inputs and the abundance of labour in the early transition period. The
efficiency estimates are rather high. They have a mean of 0.966 and range between 0.951 and 0.976.
Hence, the low profitability of many Polish farms cannot be explained by low technical efficiency.
However, the low marginal product of labour, which is most likely caused by the abundance of
agricultural workers, seems to be the main cause of the low profitability of Polish farms.

5.2 Comparison of Parametric and Semiparametric Efficiency Analysis

Figures 2, 3, and 4 compare the partial production elasticities of intermediate inputs, labour, and
land, respectively estimated by the semiparametric SFA and the (parametric) SFA with Cobb-
Douglas and Translog functional form. These approaches lead to partial production elasticities
that are generally in a similar range but are only slightly correlated. Similarly, the scale elasticities
are in a similar range but also only slightly correlated (Figure 5). Figure 6 demonstrates that the
efficiency estimates of the semiparametric approach are generally highly correlated with estimates
of a parametric SFA estimation using the Translog functional form. However, the semiparametric
approach returns clearly higher efficiency levels than the parametric approach with the Translog
functional form. No inefficiency can be identified in the parametric SFA with Cobb-Douglas func-
tional form.
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Figure 1: Partial production elasticities estimated with the semiparametric approach
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Figure 2: Partial production elasticities of intermediate inputs based on the semiparametric SFA
and on the (parametric) SFA with Cobb-Douglas (red dot) and Translog functional form
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Figure 3: Partial production elasticities of labor based on the semiparametric SFA and on the
(parametric) SFA with Cobb-Douglas (red dot) and Translog functional form
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Figure 4: Partial production elasticities of land based on the semiparametric SFA and on the (para-
metric) SFA with Cobb-Douglas (red dot) and Translog functional form
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Figure 5: Elasticities of scale based on the semiparametric SFA and on the (parametric) SFA with
Cobb-Douglas (red dot) and Translog functional form
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Figure 6: Efficiency estimates based on the semiparametric SFA and on the SFA with Translog
functional form

6 Conclusions

Most results of the semiparametric SFA and the standard (parametric) SFA are rather similar. The
efficiency estimates are even very highly correlated so that the ranking of the firms with respect to
their efficiencies does not depend on the methodology. In contrast, the actual values of the efficiency
estimates clearly depend on the methodology, where the estimates of the semiparametric SFA are
in between the estimates of the parametric SFAs with Cobb-Douglas and translog functional form.
The efficiency estimates of Polish farms seem to be rather high. Therefore, inefficiencies cannot

be the primary cause of the poor situation of many Polish farms. Instead, it seems that their low
profit is caused by low remuneration of farm work, which is in turn caused by the extremely high
labour intensity.
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