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ABSTRACT

This study investigates the productivity change in the production of cereal and oilseed crops in Slovakia with special
emphasis on technical change analysis. It employs a non-parametric distance function approach to measure Malmquist
productivity index which is decomposed into technical efficiency change and technical change. Technical change is
further decomposed into technical change magnitude and input- and output-bias indices. The productivity change
components provide more detailed information about character of productivity change itself and its sources. Our
results indicate that productivity in the analysed sector decreased approximately by 20% within the examined period
of 1998-2007. The decrease was caused mostly by worsening the technical change (-41.6%). Indices of input- and
output bias of technical change were various from unity what suggests that technical change was not Hicks’- neutral.
Results of further analysis of the direction of technical change bias indicate that farms in average tend to apply
fertilizers-using/seed-saving, seed-using/labour-saving, and fertilizers-using/labour-saving technical change bias over
the whole sample period, as well as in the EU pre-accession and EU post-accession periods.
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INTRODUCTION

In recent years several papers were published on
productivity growth in agriculture employing non-
parametric methods based on Data Envelopment
Analysis (DEA). There are several analyses done on
macro data of EU countries (Galanopoulos, Kragiannis,
Koutroumanidis, 2004), developed and developing
countries (Trueblood, Coggins, 2003; Fulginiti, Perrin,
1997), or country provinces (Nin, Arndt, Preckel,
2003). Several works are based on micro data: Latruffe
et al. (2012) and Sipildinen & Kumbhakar (2010)
examined productivity change of dairy farms in EU
countries; Sipildinen & Rihdnen (2005) focused on
silage producers in Finland; Latruffe & Fogarasi (2009)
investigated productivity change differences of mixed
farms in France and Hungary. In the above referenced
studies Malmquist index of total factor productivity
change is used as a basic indicator. It is frequently
decomposed into technical efficiency change index and
technical change index. Both components illustrate what
is the source of productivity change, whether it is
efficiency catch-up or technological progress as a result
of innovation. Widely used is also decomposition of
technical efficiency change to pure efficiency change and
scale efficiency change, which give an indication of
whether farms improve their productivity by better

management, or by a shift to the most productive scale
size (see e.g. Wu et al, 2001, Lissitsa -
Rungsuriyawiboon, 2006). Relatively new and in
literature  still debated (Lovell, 2003) is the
methodological approach focusing on decomposition of
technical change to the components that enable evaluate
technical change bias, i.e. proportionality of changes of
output isoquants at different mixes of inputs, or
proportionality of changes of input isoquants at different
output mixes. This property is a prerequisite for assessing
whether technical change is Hicks’-neutral, or Hicks’-
biased. Applications can be found in transportation sector
(Barros, Weber, 2009), bank sector (Barros, Managi,
Matousek, 2009), in education (Barros, Guironnet,
Peypoch, 2011), and in international comparisons
(Chen, Yu, 2012).

In this paper an attempt is made to examine the
productivity change and its components in the sector of
production of cereal and oilseed crops in Slovakia in the
period 1998-2007. Special motivation is to learn what is
behind the high technical regress. Both, cereals and
oilseed crops are cultivated using very similar technology
and it is the reason we treat them together. Within the
period examined they created ca 75% share on arable
land in Slovakia and are considered as a stable part in
farm production structure. In the period 1998-2007
Slovak agriculture mostly finished transformation to a
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market oriented economy and Slovak Republic has
joined European Union. Both facts had a significant
impact on the farming sector, resulting in the reduction of
subsidies from the government budget, more tough
international competition, higher food imports, and an
access to support funds of EU within Common
Agricultural Policy (BartoSova, Bartova, Fidrmuc,
2007). We are trying to link estimated productivity
change indicators to the mentioned factors.

The paper itself is divided into five main sections.
The second section focuses on the theoretical background
to the indexes of productivity and technical change
employed. The third section deals with the specification
of inputs and outputs employed in the evaluation of
technical efficiency and technical change in the sector of
cereals and oilseeds. The fourth section presents the
resultant indices of productivity, efficiency, and technical
change and their components. The paper ends with some
brief concluding remarks in the final section.

MATERIAL AND METHODS

Malmquist index of total factor productivity change and
its components

Malmquist index of productivity change is an indicator
enabling to measure productivity change of several
factors between two adjacent periods. Malmquist index
employs Shephard’s distance functions.

Output oriented distance function for the period ¢ defined
by Shephard (1970) is:

Di(xt,yt) = inf {9 : (xf,%t) € sf},t, T (1)

where inf is an operator for infimum, @ is a scalar, x* =
(xh, xfp) €RY s avector of inputs and y¢=
4, .. y8) € RY is a vector of outputs in time period ¢.
Expression S’ represents a technology in time period ¢,
which defines the transformation of inputs to outputs
and shows the set of all feasible input-output vectors:

St ={(x%,y": xtcan produce y‘},t = 1, ...T.

Output sets in accordance with S’ are defined as follows:
Pt(xH) ={yt:(yt,x) e S}t =1,...,T.

Distance function D{(xt, y') expresses maximal radial
proportional expansion of output vector at the given level
of input vector.

Among other properties, the output distance
function satisfies the inequality
Di(xt, yt) < 1, with
DE(xt,yt) =1 if and only if y'e Isoq P(xt) =
{yt:ytePt(x?),0y" ¢ Pt(x"),0 > 1}

Caves, Christensen and Diewert (1982)
suggested Malmquist index as aratio of two output
distance functions for period ¢ and#+1 relative to
technology S’

t Dg(x“'l,y”l)
Mo = ogetyn) @
Fire, Grosskopf, Lindgren and Roos (1989, 1994)
inspired by Caves, Christensen and Diewert (1982)
defined output oriented Malmquist index as the

geometric mean of two Malmquist indexes for two
adjacent periods ¢ and #+1, using reference technology S,
as well as technology S™*/.

M, (xt, yt, xt*t, yt+1) =

1
[Dé (xt+1’yt+1) D5+1(xt+1’yt+1)] 2
DE(xtyt) D&t (xt,yt)

3)

With regard to character of employed distance functions
Malmquist index M, (x%,y¢,xt*1,y**1) 2 1, according
as productivity change between two periods ¢ and 7+1
can be positive, zero or negative.

According Fire, Grosskopf, Lindgren and Roos
(1989, 1994) Malmquist index (3) can be decomposed to
technical efficiency change (TECH) and technical
(technological) change (TCH). Following Fare et al.
(1989, 1994) an equivalent way of writing this index is:

M (xt yt xt+1 yt+1)
o ) ) 1)
1
=Df,+1(xt+1,yt+1) Df,(x“l,y“l) Dg(xt,yt) 2
Dé‘(xt,yt) Dg*l(x“l,y“l) Dg“(xt,yt)
:TECH(Xt,yt,Xt+1,yt+1).TCH(Xt,yt,xt+1,yt+1) (4)

where TECH>1 indicates improvement in technical
efficiency and TECH<I deterioration in technical
efficiency. TCH>1 indicates technical progress (evidence
of innovation) and TCH<1 technical regress. Both
components equal unity are associated with no change.
Likewise Malmquist index of total factor productivity
change equal unity means stagnation, index greater that
unity indicates growth and index less that unity means
deterioration of productivity.

Malmquist index in (3) a (4) is based on the
assumption that technology exhibits constant returns to
scale (CRS). If the assumption on returns to scale is
relaxed to allow variable returns to scale (VRS), then
component of TECH in (4), following Fire, Grosskopf,
Lovell (1994), can be further decomposed to scale
efficiency change (SECH) and pure efficiency change
(PECH):

TECH(xt,yt, Xt+1, yt+1)
D5(x", y*IVRS) Dg**(x**1,y**|CRS)
B [Dg(xf,yflcm) DE1(x™, yT*I[VRS)
D£+1(Xt+1,yt+1|VRS)
[ D§(xt, yt|VRS)
:SECH(xt, yt’ Xt+1, yt‘+1) . PECH(Xt, yt’ xt+1, yt‘+1) (5)

Changes in inputs structure in favour of
technologically more advanced and effective inputs may
lead to biases, which may result in non-proportional
shifts of input isoquants. One possible way how to
evaluate those changes is to decompose technical change
to output bias of technical change (OBTCH) index, input
bias of technical change (IBTCH) index and the
magnitude of technical change (MTCH) (Fére, Grifel-
Tatjé, Grosskopf, Lovell, 1997):

TCH(Xt, yt’ Xt+1, yt+1) —
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1 1
[ Dg(x“'l,y“'l) D£+1(xt+1,yt)]2 [Dg"'l(xt,yt) Dg(x“'l,yt) 2
D5+1(xt+1,yt+1) Dé (xt+1‘yt) Dg(xf,yt) D,§+1(x“'1,yf)

tr,t,t
[ gty ] = OBTCH = IBTCH * MTCH (6)

DEY(xtyt)

Output bias shows whether input isoquant shifts
non-proportionally for various outputs combinations and
input bias indicates whether output isoquant shifts non-
proportionally for various input mixes. Technical change
is Hicks‘-output (input) neutral, resp. does not comprise
any bias if both OBTCH and IBTCH are equal unity.
Under the assumption of both neutralities, both OBTCH
and IBTCH are equal unity and MTCH component is
equal TCH, i.e. all technical change is comprised in
technical change itself.

Following Fare et al. (2001) and Barros and
Weber (2009) we calculate alternative directions of

Table 2: DEA models for distance functions estimation

Model 1 Model 2
[D§ (x*, y*|CRS)] [D§(xt, ¥ [VRS)] !
=T =
subject to subject to
Py —Y'1<0 pyf —Y'A<0
XA<xf XA <xf
A=0 A=0
1'2=1
Model 3 Model 4
[Dg+1(xt+1,yt+1|CR5)]—1 [Dg+1(xt+1’yt+1|VRs)]—1
g =g
subject to subject to

¢y]§+1 _ Yt+1l < 0
Xt+1/1 < xj§+1

(py]{f+1 _ Yt+1/1 < 0
Xt+1ﬂ < xjt+1

technical change input bias as it is shown in Table 1. A=20 120
1'1=1
Table 1: Input biased technical change and changes in ~ Model 5 Model 6
the input mix [D§ (x™*1, y** 1| CRS)] [D5"* (x*, y*|CRS)] !
Input mix IBTCH>1 IBTCH<I IBTCH=1 = max ¢ = max ¢
X\ e\ x, —using, Xs — using, Neutral . P.A . P2
(x—s) > (x—s) X, — saving X, — saving subject to subject to
X\ e\t xg — using, X, — using, Neutral gay]-t“ —-YIA<0 (pyj't —-Y"*IA<0
(x_s) < (X_s) X, — saving X — saving XtA< xJ{:+1 Xt+i) < xjt
. . trb o s A=20 A=0
. Thle fact that distance functlﬁ)q D10 (xf%y.) 1S "Model 7 Model 8
reciprocal to Farrell (1957) te.c nical efficiency [DE (xt*1, y©)|CRS] [DE (xt*1, yE|CRS)]
measure, led Fire, Grosskopf, Lindgren and Roos = max ¢ = max ¢
(1989, 1994) to suggestion to employ Data Envelopment . @A . A
Analysis to its estimation. subject to subject to
Estimation of distance function values for goyf -Y'A<0 <pyjt —YH*11<o0
components calculation needs to apply 8 DEA models XA < x]?“ X1l < x].t
for each decision making unit, list of which is presented 1>0 1>0
in Table 2.
Notation:

Data

Data for the study are drawn from nationally
representative sample of the Ministry of Agriculture
(information sheets on farms). In the analysis panel data
representing 422 farms for the period 1998-2007 has
been used in following structure: 104 commercial farms
and 338 cooperative farms.

For the purposes of subsequent analysis, we
categorise farm data into two groups: data representing
EU pre-accession years 1998-2003 and data representing
EU post-accession years 2004-2007.

Total acreage of the farms examined in the study
makes more than 51% of the total arable land in
Slovakia.

Two output- and three input variables have been used in
the estimation of production frontier:

- output 1: cereals and oilseed production (tons)

- output 2: crop sales (thous. SKK)

- input 1: fertilizers costs (thous. SKK)

- input 2: seed costs (thous. SKK)

- input 3: labour costs (thous. SKK)

Table 3 shows descriptive statistics of the
variables for the year 2007. Descriptive statistics for all
sample years 1998-2006 is presented in the Appendix 1.

y]-tis Sx1 vector of outputs of j-th DMU in period t

xjtis Mx1 vector of inputs of j-th DMU in period t

Ytis SxN matrix of S outputs and N DMUs in a period t
Xt is MxN matrix of M inputs and N DMUs in a period t

A is Nx1 vector of intensity variables

¢ is scalar, output oriented measure of efficiency

RESULTS AND DISCUSSION

In this section, we present summary description of
average and cumulative performance indices for all 422
farms within 10 year horizon. Table 4 presents geometric
mean estimates of productivity change and its
components for the pooled farms by year, geometric
mean for the whole period and cumulative indices.
Values of Malmquist index, technical efficiency change,
pure efficiency change, scale efficiency change, and
technical change greater than one indicate productivity
gains, increases in efficiency, or technological progress.
Values of input-biased technical change, output-biased
technical change, and magnitude of technical change
different from one indicate that technical change is not
Hicks’ neutral.
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Table 3: Descriptive statistics of the data, year 2007

Variable Mean Stapdgrd Minimum Maximum
deviation

Fertilizers costs

[thous. SKK] 3332 3452 16 28880

Seed costs

[thous. SKK] 2931 2644 47 20623

Labour costs

[thous. SKK] 7529 7029 3 43851

Cereals .and oilseed 1208 3089 1 24365

production [tons]

Crop sales 21036 21155 ) 46112

[thous. SKK]

Data: VUEPP Bratislava, table: author’s calculation

We can see that within the whole period 1998-
2007 productivity (M,) decreased by more than 20%.
Average yearly decrease was 2.5%. Most significant
year-to-year falls in productivity are seen in years 2000
and 2003. They were caused evidently by very low
precipitation totals and serious drought devastating
agricultural crops in the majority of Slovakia (Sekacova,
§t’astny, Lapin, 2004; MPaRYV SR, 2000, 2003). On the
other hand 56.4% productivity increase in 2004 was a
result of favorable growing conditions. Only 29% farms
of the sample period were able to increase their
productivity.

Decrease of productivity was mitigated by
improvement of technical efficiency (TECH) by almost
37% within the whole period. Improvement of technical
efficiency was probably invoked by more tough
competition within the sector and at the market. Almost
82% farms improved their TECH within the sample
period.

Decomposition of TECH indicates that
improvement of technical efficiency in our sample was
caused predominantly by improvement of pure technical
efficiency (PECH) - approximately by 27%, and to
certain extends by improvement of scale efficiency
(SECH) — more that 7%. Improvement in PECH is
usually interpreted as an improvement in management of
production. SECH increase may be a result of the fact
that farms are approaching the optimal scale size for the
sector of cereals and oilseed crops production.

Productivity decrease was caused mostly by
negative technical change (TCH) - almost 42% within the
whole period. It may indicate lack of innovation in
production technology, mainly as far as the absence of
introduction of new crop varieties resistant to weather
extremes, and production processes minimizing impact
of negative natural conditions.

The technical change part of the Malmquist index
consists of the indices of magnitude (neutral) change,
input-biased change and output-biased change of the
technology. These components reflect intertemporal
movements of the best practice frontier. Our results in
Table 4 show that average input-biased technical change
equals 1.022. Since it is different form one it indicates
that technical change in this sector cannot be assumed
Hicks’ — neutral.

Cumulative index of magnitude of technical
change (MTCH = 0.392) for the sample period indicates
significant neutral technology regress.

In the Table 4 we present also comparison of the
EU pre-accession period to the EU post-accession period
average cumulative indices of productivity and its
components. Better results in favour of post-accession
period were found as far as the M,, TECH, PECH, TCH,
and MTCH. Worse results were found in SECH. All
differences are statistically significant. It can lead to
conclusion that EU accession had a positive impact on
farm performance in the sector. Only scale efficiency
change has deteriorated by more than 2 percentage
points.

Further we provide results of a more detailed
investigation of the direction of technical change through
the analysis of the bias direction and input ratios. In
Table 5 we summarise the number of farms that
experience a bias in the use of inputs. Farms are
distributed according to three classes of IBTCH values.
Except year 2001/2000 in all years farms with IBTCH >1
prevail.

Recall that in the analysis ratios of three inputs are
considered, fertilizers (F), seed (S), and labour (L). There
are three combinations of the inputs, F vs. S, S vs. L, and
F vs. L to identify the bias direction. With respect to
rules in Table 1 if x,/X; increases, then IBTCH>1 implies
x-using bias and IBTCH<I implies x,-using bias. If x./X
decreases, then IBTCH>1 implies X;-using bias and
IBTCH<I implies x,-using bias.

According to Table 5 technical change bias
indicates that producers generally do not tend to follow
any factor using/saving pattern over the examined period.
Distribution of farms within the sample period shows
significant changes in some years. Average numbers
show that majority of farms follow fertilizers-using/seed-
saving, seed-using/labour-saving, and fertilizers-
using/labour-saving technical change bias.

According to average values of IBTCH and input
mix ratios, shown in Table 6, in the sample period farms
experience fertilizers-using bias as compared with the
use of seed. The same pattern is seen also in pre-
accession period, as well as in post-accession period. For
the input pair of seed versus labour, for all three periods,
pattern of seed-using/labour-saving bias is estimated. The
last input mix pair — fertilizers vs. labour exhibits
fertilizers-using and labour saving bias for all three
periods.

Great variability of IBTCH and input bias
orientation in year-to-year development does not allow
concluding on any statistically significant using-saving
pattern.

CONCLUSIONS

The objective of the paper was to analyse productivity
change in the sector of cereals and oilseed production in
Slovakia and to examine its development from the
aspects of its components in the period 1998-2007.
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Table 4: Malmquist productivity index and its components, 1998-2007

Year M, TECH PECH SECH TCH IBTCH OBTCH MTCH
1999/1998 1.030 1.098 1.056 1.040 0937  1.037 1.026  0.881
2000/1999 0.772  1.082 1.067 1.015 0.713  1.012 1.009  0.699
2001/2000 1.297 0982 0949 1.034 1321 1.010 1.013  1.290
2002/2001 0.983 1.100 1.138 0.967 0.894  1.025 1.007  0.866
2003/2002 0.694 0903 0905 0997 0.769 1.042 1.031  0.715
2004/2003 1.564 1.165 1.176 0.990 1343 1.041 1.066 1.210
2005/2004 0917 0.826 0932 0.885 1.111  1.002 1.001 1.108
2006/2005 0.857 1.114 0966 1.153 0.769  1.007 1.030  0.742
2007/2006 0924 1.101 1.091 1.009 0.839 1.018 1.028  0.801
Geom.mean (GM) 0975 1.035 1.027 1.008 0942  1.022 1.023  0.901
GM 1998-2003 1.016 1.051 1.044 1.007 0.966  1.028 1.025 0917
GM 2004-2007 0.899 1.004 0.994 1.010 0.895 1.009 1.019  0.870
Cumulative index (CI) ~ 0.799 1.368 1272 1.073 0.584 1.212 1.229  0.392
CI 1998-2003 0.704 1.159 1.101 1.052 0.607 1.133 1.089  0.492
CI2004-2007 1.136 1.180 1.155 1.019 0963  1.070 1.129  0.797
No. of farms with CI > 1 129 361 327 356 17 333 376 5
No. of farms with CI <1 313 81 114 86 425 109 66 437

Source: author’s calculations

Table 5: Distribution of farms according to year-to-year input biased technical change

IBTCH Fertilizers vs. Seed ~ Seed vs. Labour Fertilizers vs. Labour

>l <1 =1 F-using S-using N S-using L-using N F-using L-using N
1999/1998 302 140 0 91 351 0 240 202 0 112 330 0
2000/1999 229 213 0 239 203 0 229 213 0 227 215 0
2001/2000 207 235 0 184 258 0 251 191 0 203 239 0
2002/2001 279 163 0 383 59 0 167 275 0 349 93 0
2003/2002 316 126 0 86 356 0 210 232 0 139 303 0
2004/2003 306 136 0 324 118 0 291 151 0 332 110 0
2005/2004 234 208 0O 195 247 0 230 212 0 194 248 0
2006/2005 229 213 0 272 170 0 294 148 0 329 113 0
2007/2006 266 176 0 280 162 0 100 342 0 162 280 0
Geomean 260 175 x 205 189 x 214 212 x 212 195 x

Source: author’s calculations

Table 6: Geometric means of input mix ratios and bias directions

Fertilizers vs. Seed Seed vs. Labour

Fertilizers vs. Labour

IBTCH F/Sratio direction S/Lratio direction F/Lratio direction
1998-2007  1.033 1.476 F-using 1.439 S-using 1.645 F-using
1998-2003  1.070 1.938 F-using 2.052 S-using 1.740 F-using
2004-2007  1.021 1.231 F-using 1.474 S-using 1.586 F-using

Note: Years 1998-2003 represent EU pre-accession period, years 2004-2007 represent EU post-accession period.

Source: author’s calculations

It employs a non-parametric distance function approach
to measure Malmquist productivity index which is
decomposed into technical efficiency change, scale
efficiency change, and technical change. Technical
change is further decomposed into technical change
magnitude and input- and output-bias indices of technical
change. Productivity change components provide more
detailed information about character of productivity
change itself and its sources. Our results indicate that
productivity in the analysed sector decreased

approximately by 20% within the examined period.
Decrease in productivity was mitigated by technical
efficiency improvement, what may indicate positive
impact of competition. This improvement was driven
mainly by pure efficiency improvement what could be
understood as an economy of scale effect. The
productivity decrease was caused mostly by worsening
the technical change (-42%), what may indicate
deterioration of technology and lack of investment into
the new technology. Components of technical change -
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indices of input- and output- bias of technical change
were various from unity what suggests that technical
change was Hicks’ non-neutral. Detailed analysis of
input bias of technical change shows that there is great
variability of IBTCH and input bias orientation analysis
in year-to-year development does not allow concluding
on any using-saving pattern. In average for the whole
sample period as well as for the pre-accession period, and
post-accession period farms tend to apply fertilizers-
using/seed-saving, seed-using/labour-saving, and
fertilizers-using/labour-saving technical change bias.
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Appendix 1 Descriptive statistics of the data, 1998-2007

Mean SD Max Min Mean SD Max Min
Year 1998 Year 2003
Fertilizers 2099 2098 14120 62 2311 2312 16147 4
Seed 2021 1829 11782 38 2747 2489 24883 78
Labour 6014 5449 39492 13 10949 10219 75410 20
Production 3666 4843 77601 14 2942 2914 18251 13
Sales 13943 13197 76003 163 16911 16958 99807 15
Year 1999 Year 2004
Fertilizers 2099 2098 14120 62 2537 2682 18931 44
Seed 2021 1829 11782 38 2753 2530 20688 97
Labour 6014 5449 39492 13 6380 6164 42073 10
Production 3666 4843 77601 14 4269 4159 29599 16
Sales 13943 13197 76003 163 18067 19044 120319 16
Year 2000 Year 2005
Fertilizers 2315 2404 16114 28 2662 2851 23102 49
Seed 2407 2253 19767 42 2707 2479 16282 26
Labour 5412 4931 31129 6 6443 6406 44576 8
Production 2613 2637 18833 14 4006 4048 27642 36
Sales 12552 12482 76608 17 18099 19509 133071 6
Year 2001 Year 2006
Fertilizers 2410 2587 20225 2 2833 2978 23300 2
Seed 2378 2162 20306 45 2837 2531 17945 24
Labour 6257 5635 35955 18 6670 6544 37984 2
Production 3818 3747 23946 6 3429 3538 27134 18
Sales 16103 16219 100897 122 19140 21290 130678 2
Year 2002 Year 2007
Fertilizers 2714 2776 18459 34 3332 3452 28880 16
Seed 2393 2316 25480 85 2931 2644 20623 47
Labour 6338 5614 32283 16 7529 7029 43851 3
Production 3665 3533 22825 19 3208 3089 24365 14
Sales 17707 17758 114001 54 21036 21155 146112 2

Source: author’s calculations




