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Measuring Performance Growth of Agricultural
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Abstract — Agriculture is an important sector of the economy
whose performance growth is often monitored by bodies at national
and international level. However, it is traditionally measured using
macroeconomic indicators. Total factor productivity (TFP) indexes
represent a tool of performance measurement which takes into
multiple inputs and outputs. In this article, we propose a method of
agricultural sector performance measurement based on the Fisher
index. We use an aggregation of individual firm accounting data from
the Czech agricultural sector to determine the productivity growth,
partial factor productivities of inputs and compare the development
with the TFP growth in the Czech economy. We found that the
productivity growth of agricultural companies does not necessarily
move in the same direction as the growth of the economy, which
supports the idea that agricultural sector performance depends rather
on natural and weather conditions, and that the demand for
agricultural products can be relatively steady.
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I. INTRODUCTION

griculture is an important sector of the economy which is
often monitored by the government and international
bodies. Agricultural sector plays an important role in the
society. We can state three of its main roles (the list is not
exhaustive):
e production role,
¢ social and demographic role,
¢ ecologic and landscape aesthetics role.

The production role is associated with the provision of
sufficient quantities of affordable products, not only for the
needs of food-processing industry, but also as inputs for other
industries, such as biofuels, pharmacy or textile industry.

The social and demographic role is related to the generation
of employment opportunities and maintaining standards of
living especially in the countryside and rural areas.
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The ecologic and landscape role is associated with the
control of pollution and the creation of a cultural landscape.

Farmers’ behavior and their economic results are
significantly affected by agricultural policy. Firstly, the EU
Common Agricultural Policy (CAP) provides income support.
The aim of the income support (direct payments, LFA
payments) is to preserve agriculture and adequate living
standards in rural areas [1]. Beyond the objectives of the
income support, the CAP offers the agri-environmental
measures. The aim of agri-environmental payments (including
support of organic farming) is to enhance production of
environmental public goods.

Given the importance of this sector, it is necessary to
measure its performance and productive efficiency. At the
aggregate level, performance of agricultural sectors is
measured by government institutions (national statistical
offices or agricultural departments and ministries) as well as
by international bodies such as Eurostat and OECD.
Moreover, agriculture and its efficiency and sustainability are
subject to considerable academic attention (see e.g. [28], [33]
or [31]).

In this article, we propose a measure of performance of the
agricultural sector which is based on the total factor
productivity (TFP) approach, but which makes use of
accounting data on individual companies. This is an important
difference from the traditional approaches which use
macroeconomic data, such as gross value added or net capital
stock, to estimate the productivity of the Czech agricultural
sector.

As the paper deals with the productivity of Czech
agriculture, the next paragraphs introduce the specific
structural features of the Czech agricultural sector.

Since 2004 the Czech Republic has been member of the
European Union, so the Common Agricultural Policy
significantly affects the development of the Czech agriculture.
In 2012, the share of the agrarian sector, i.e. agriculture,
forestry and fishery, in the gross domestic product (GDP)
comprised 2.07 %; the share of agriculture itself was 1.32 %.

Compared to the neighboring countries, this is a larger share
than in Germany and Austria but less than in Poland and
Slovakia.

The share of agriculture in the GDP has been decreasing for
a long time. The share of 2.60 % in the total labor force work
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in the agrarian sector, 2.19 % in agriculture itself.

The Czech Republic has its specific farm structure. Family
farms (sole holders) are not as important in today’s Czech
agriculture as they are in western states of the European
Union, which has its roots in the history. The sole holders
represent more than 86 % of the farms but they use only 30 %
of the agricultural area. The average utilized agricultural area
of the sole holders is about 50 ha.

Alternatively, the legal persons are usually large agricultural
companies — joint stock companies or cooperatives. They
utilize 70 % of the agricultural area and cultivate about 800 ha
on average. Thus, the Czech Republic has one of the largest
average farm in the EU. The share of sole holders, limited
liability companies and joint stock companies increased
between 2000 and 2010, while the share of cooperatives
decreased.

This structure of the Czech agricultural sector has
consequences for the agricultural policy. The existence of
large agricultural holdings affects the landscape. Often large
fields are cultivated in monoculture of either cereals or
rapeseed. In the Czech Republic, farmers own only 23.5 % of
the agricultural area in 2010. Most of agricultural holdings use
predominantly hired land, nevertheless the share of their own
land increases. The price of agricultural land is significantly
lower than in the former EU-15. The land rent is lower as well.
However, the trend of both indicators is increasing.

The agrarian trade balance has been negative for a long
period. The share of agrarian goods in total Czech imports
were 6.25 % in 2012. On the other side, the share of agrarian
goads in total Czech exports were 4.81 % in 2012. The main
agricultural exports are milk and milk products (incl. eggs and
honey), drinks (incl. alcoholic ones), cereals and oil seeds. The
main import goods are a variety of meat, fruits and nuts, milk
and milk products (incl. eggs and honey).

The main trading partner is the EU. The Czech Republic
exports mainly to Slovakia, Germany, Poland and Austria. The
most important import partners are Germany, Poland,
Slovakia, the Netherlands and Italy.

The Czech Republic exports mainly agricultural products
with lower value added, such as live animals, raw milk, rape
seeds and wheat. On the other hand, processed food products
with higher value added are imported.

The farm structure, type of farming, the Common
Agricultural Policy support and the agricultural foreign trade
are the most important determinants of the farm income. Even
if the Czech Republic has been the EU member state since
2004, it is still labelled as the “new member state” (EU-12
excl. Croatia).

The Economic Accounts of Agriculture shows that the farm
income level in the new member states, measured through the
Factor Income per AWU in PPS, reaches only 40 % of the old
member states (EU-15) level. Nevertheless, the gap between
the EU-12 and the EU-15 slightly diminishes.

THE FARM INCOME IN THE CZECH REPUBLIC
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Current subsidies have decisively contributed to an
improvement of the farm income situation after the EU
accession [1]. Without the current subsidies, many farms
would not be profitable and viable. Compared with the pre-
accession period, the current agricultural policy stimulates
more an extensive cattle breeding (suckler cows) in less
favored areas (LFA) on farms utilizing various agro-
environmental programmes, including organic farming. It
results in a relatively very good income situation of the
extensive farms and a dynamic growth of the net value added
per worker (NVA/AWU) in mountain areas. On the other
hand, farms located out of LFA have more risky position,
particularly in the connection with increasingly variable
weather conditions.

Concerning the income disparity within the Czech
agriculture, there is a relatively deep gap between the worst
and best type of farming, measured through the NVA/AWU.
As mentioned above, the larger farms with extensive livestock
farming in the less favored mountain areas have the highest
income level. The high NVA/AWU results from the
combination of low labor input (as a consequence of an
extensive livestock breeding) and high current subsidies per
hectare. The farms usually receive direct payments, LFA
payments and agri-environmental payments. Moreover, they
gain national top-up payments for agricultural land and suckler
cows. The NVA/AWU of the farms specialized on extensive
livestock farming was 16 408 EUR on average in 2010-2011.

Alternatively, the specialized pig breeding farms have the
lowest income level for a long time. After the EU accession in
2004 the Czech pig producers got under the competitive
pressure, the imports sharply increased and the demand of the
Czech meat processors for the Czech port meat dropped. The
competitiveness of the Czech pig farms slumped. Although the
Czech agricultural holdings have been reducing the number of
pigs and sows for a long time, the development has been
considerably more dynamic after the EU accession. The low
NVA/AWU is the result of the relatively high labour input
(due to the intensive pig breeding) and low current subsidies.
The financial support of the pig production is relatively low
compared to other types of farming since most of pig
producers do not have agricultural land. Therefore, only
indirect subsidies are applicable for them, not the direct
payments. The NVA/AWU of the farms specialized on
granivores was 8 913 EUR on average in 2010-2011.

IV. TOTAL FACTOR PRODUCTIVITY

Traditionally, productivity is defined as the ratio of output
over input. In the case of only one output and one input, the
situation is straightforward.

However, in a more realistic situation when a firm produces
multiple products and uses multiple inputs, it is necessary to
aggregate the set of outputs and inputs. The total factor
productivity (TFP) approach takes into account all possible
inputs and outputs of the firm.
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A. Traditional approaches to TFP measurement

Authors engaged in measuring the productive efficiency of
agriculture use various approaches to measuring the TFP.

Coelli and Rao [9] estimate the levels and trends in
agricultural output and productivity in 93 developed and
developing countries that account for a major portion of the
world population and agricultural output. They use Data
envelopment analysis (DEA) to derive Malmquist productivity
indices. The paper also attempts to derive the shadow prices
and value shares that are implicit in the DEA-based Malmquist
productivity indices.

The DEA approach has also been used by Btazejczyk-
Majka, Kala and Maciejewski [2] to consider the question
whether a higher specialization and a bigger economic size
class of farms determine a higher technical efficiency at the
same scale for the farms from the new and old countries of the
EU. Based on the FADN data (Farm Accountancy Data
Network) from 80 European regions they find that specialized
field crop farms in average are less efficient than mixed farms,
although the difference between efficiencies decreases with an
increase of their economic size.

Jin et al. [18] used TFP to better understand the productivity
trends in China's agricultural sector during the reform era-with
an emphasis on the 1990-2004 period. Using a stochastic
production frontier function approach they estimate the rate of
change in TFP for each agricultural commodity. They find that
that most of the change is accounted for by technical change.
So, the new technologies have pushed out the production
functions.

Bokusheva, Hockmann and Kumbhakar [3] analysed
regional productivity and technical efficiency development in
Russian agriculture. They combine the system Generalized
Method of Moments approach (system GMM), which gives
consistent estimates of the production technology parameters,
with the standard stochastic frontier approach to estimate
technical efficiency and its determinants.

Cechura [8] identified the key factors determining the
efficiency of input use and the TFP development. The total
factor productivity is calculated in the form of the Térngvist-
Theil index. He concludes that the most important factors
which determine both technical efficiency and TFP are the
factors connected with institutional and economic changes, in
particular a dramatic increase in the imports of meat and
increasing subsidies.

At the aggregate level, total factor productivity is measured
indirectly. It is the output growth not explicable by changes in
the amount of inputs (often referred to as Solow residual).

In the traditional two-factor model, where only labor (L)
and capital (K) inputs are considered (see for example [29]),
we can express the change in aggregate product between two
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where Y/Y, is the index of the aggregate output (e.g. GDP),
L4/L, is the index of labor, Ki/K, is the index of capital, and
A/A, is the productivity index which measures the
productivity growth (the residual).

B. Productivity indexes

As we already noted above, at the individual firm-level, the
total factor productivity (TFP) approach takes into account all
possible inputs and outputs of the company. Total factor
productivity can be measured using productivity indexes (in
the form of ratio) or productivity indicators (in the form of
difference). In this article, we will focus on productivity
indexes. In this case, it is necessary to aggregate the set of
outputs and inputs to obtain scalar values in the numerator and
denominator.

Company-level indexes can be based on distance function or
on price aggregation (for detailed discussion, see e.g. [10]).
Among measures based on distance function, we can cite the
Malmquist productivity index [7] or Hicks-Moorsteen
productivity index [13]. These measures require optimization
problem solving (data envelopment analysis) or regression
methods (known under the acronyms OLS, COLS, or MOLYS)
which measure the distance of firms from a real, but unknown
frontier.

Other TFP measures are based on price aggregation, such as
Tornqvist productivity index [32] or Fisher productivity index
[16]. These measures require data about input and output
prices, but can be derived directly from empirical data and
based on only two observations. We will discuss the three
most  frequently used representatives: the Malmquist,
Tornqvist and Fisher indexes.

In the following text, let N be the number of outputs and M
the number of inputs. Further let X = (X1,X,...,X,) denote the
vector of input quantities, lety = (y1,Y2,...,Ym) denote the vector
of output quantities, w = (wy,W,,...,w,) is the vector of input
prices and p = (p1,pa,-...,pm) is the vector of output prices.

C. Malmquist index of productivity

In order to define Malmquist index, we have first to
introduce the notion of efficiency. The efficiency of a firm can
be defined as a ratio of observed values of inputs and outputs
to their optimal values.

The analysis of efficiency can be oriented either on
minimizing inputs with given outputs or maximizing outputs
with given inputs (these approaches are dual to each other). In
this section, we will adopt the output-maximizing approach.
Koopmans [19] defines efficiency in the following way: a firm
is considered technically efficient if increasing any output
requires reducing at least one another output or increasing at
least one input.

The production technology can be represented using a set of
couples (input-output vectors)

T= {(x,y)} where X is input to produce y. (2)

Another possible representation of production technology is
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the output requirement set P(x), e.g.

P() =1{y: (xy)eT} (3)
As a measure of efficiency, we can use the Debreu-Farrell
approach ([11], [15]). Using the above-described notation, we
can define the Debreu-Farell measure of technical efficiency as
the maximum possible equiproportional increase of given
output so that it still belongs to the output requirement set.
TE(x,y) = max{® : ®y e P(x)} (4)
The inverse value of technical efficiency is called distance
function.
D(x,y) =min{i:y/ A e P(X)} (5)
When applying the output-maximizing approach, the lesser
the distance from a production frontier, the better the
efficiency score is. In the real world, the production frontier is
unknown and has to be estimated using econometric methods
(e.g. corrected ordinary least squares, COLS) or mathematical
programming (e.g. data envelopment analysis, DEA). Using
the above described definitions, we can define the Malmquist
index of productivity. Consider a period during which the
production has changed from (X,yy) t0 (Xg1,Yee1). The
Malmaquist index of productivity for period t , respectively for
period t+1, would be the ratio

D, (Xe1:Ye,
t\ R Yy
D,.,(X,.1, Y.
Mea(XoYiXin Yea) = Bl((txﬂiit)l)
t+1 tr Yt

If the technology has changed during the period, these two
indexes would result in different values. Therefore, it is
common to employ the geometric mean of the two indexes and
specify the Malmquist index of productivity as

Dt (Xt+1’ yt+l)>< Dt+l (Xt+1’ yt+l)

()
Dt(xt’yt) Dt+1(Xt’yt)

M (Xt Yo X yl+1) :\/

Malmquist index is of great theoretical importance.
However, it is necessary to estimate the real but unknown
production frontier using econometric or mathematical
programming methods. Often, it is more practical to employ
the indexes based on price aggregation, which can be
calculated only from two observations. We will deal with
these indexes in the following text.

D. Toérngvist index of productivity

Torngvist index is an example of indexes which can be
calculated from observed empirical data without having to
estimate the unknown production frontier. These indexes are
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often called superlative indexes. Under certain conditions, they

approximate the Malmquist index [14]. The calculation is

based on observed prices (weights) of input and output factors.

Torngvist index of productivity is defined as a ratio of output

quantity index Y; and input quantity index X; . Usually, the

two quantity indexes are specified in their logarithmic form as
pmtymt pm,t+1ym‘t+1

1(2 {Z A pm,t++ym,t+1}ln ]

el v

And finally, the Térnqvist index of productivity can be
specified as

ym,t+1

ym,t

InY, =

T

(8)
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E. Fisher index of productivity

Now, let us introduce the Fisher index of productivity [16].
It is defined as a geometric average of Laspeyres and Paasche
indexes.

The Laspeyres index weights the quantities with the prices
of the basic period. We can specify the Laspeyres output
quantity index Y, or input quantity index X, respectively as

_ z::l pn,1 yn,t+1 y X zm =1 mt mt+1 (10)
- L

N
zn:1 PotYne Zm - imt Xin

The Paasche index weights the quantities with the prices of
the current period. The Paasche output quantity index Yp, resp.
input quantity index Xp, can be specified as

L

M

N
ZH:l pn,[+lyn,t+l , X Wmt+lx

N
zn::l pn,t+1yn‘[ Zm =1 mt+l mt

Since productivity is defined as a ratio of output over input,
it is possible to define the Fisher index of productivity as the
ratio of geometric averages of Laspeyres and Paasche output
and input indexes, so the total factor productivity growth can
be specified as

Yp — m,t+1 (11)

P

(12)

Fisher (and Tornqgvist) indexes have several interesting
properties, because of which they are classified as exact and
superlative indexes (more on this subject in [12]). If the
production is represented by translog function, the Tornqvist
index approximates the ideal Malmquist index and similarly, if
the production is represented by quadratic function, the Fisher
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index approximates the ideal Malmquist index.

V. DATA ISSUES IN TFP MEASUREMENT

Productivity indexes require price and quantity data on each
output and input. The measurement of the data is subject to
certain issues; for detailed discussion, see e.g. [22]. Basically,
the issues with TFP analyses can be divided into four groups.

The first category of issues is related to defining the set of
comparable firms. Many factors, such as the degree of
competition in the market, the extent of government
regulation, economies of scale, firm size, geographical
conditions and historic development have to be taken into
consideration.

The second category is associated with specifying the time
period. TFP estimates should be based on long time series and
the period should include the whole business cycle and be
representative and exclude extraordinary events.

The third group of issues is related to defining and
measuring the inputs and outputs. Since a number of
difficulties are associated with labor input measurement, it is
often included into operating expenditures along with
materials and services. The measurement of capital is even
more contentious. The outputs should reflect performance,
complexity and quality of service rendition.

Finally, the fourth category of problems concerns
determining the costs of inputs and outputs (cost-based
indexes) or defining and measuring the reference technology
(distance-based indexes), where some degree of arbitrary
judgment and inaccuracy is inevitable.

In the following text, we will discuss the issues associated
with the measurement of outputs and inputs.

A. Measurement of outputs

The definition and measurement of outputs and their prices
is one of the challenging tasks. Outputs should represent the
complete basket of services and products provided by the
transformation process. They should reflect how much is being
produced, with what effort, and they should not omit the
quality of service. The definition of the quality aspect is
particularly challenging.

Moreover, one of the main concerns is that if the set of
outputs is too large, one may encounter the problem of degrees
of freedom and the analysis becomes complicated. In this case,
it may be suitable to aggregate the outputs into smaller
categories, in which case the so-called Hicks—Leontief
conditions for aggregation should be respected ([17], [21]).

The prices of outputs should as well be treated carefully and
price level changes should not be omitted. If the prices are not
directly observable, it is necessary to approximate their
weights in the total revenue and derive the prices numerically.
These weights are calculated from the share of each output in
the total revenue of the process. This approach involves either
arbitrary judgments about the relative importance or
econometric estimation of cost function (see e.g. [20]). There
is an academic debate over which of these approaches
performs the best.
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However, when the prices of outputs are not directly
observable, some degree of inaccuracy is practically
inevitable.

B. Measurement of inputs

Another challenging task is to define and measure
accurately the inputs and their prices. Traditionally, the
economic theory takes into account at least the following
categories of input factors: labor (L), capital (K) and materials
(M). Sometimes, within materials, energy (E) and services (S)
are also considered, and all these factors together are referred
to as KLEMS.

Labor (L) is most often measured by the number of
employees or man-hours, which should be corrected, since
outsourcing of activities can distort the results. Moreover, it is
preferable to distinguish among the people according to their
skills, education and experience, since more skilled employees
contribute to the productivity growth to a greater extent.

Because of these difficulties, labor is sometimes
incorporated into operating expenditures (OPEX) which are
taken together as an aggregate measure of labor and materials.
However, labor costs often represents the major portion of
total input costs and therefore, this input should be treated
carefully in order to obtain reliable TFP estimates. Wage
deflators can be taken into consideration to capture the effects
of wages inflation.

However, the most contentious is the measurement of
capital (K). The capital input should reflect the total service
flow from capital assets used in the process. The assets can be
of tangible or intangible nature; such as computers, software in
IT, chemical reactors in chemistry production processes,
transport equipment, heavy machinery etc. Of course, the set
of assets will vary a lot across industries and even company
departments.

The capital can be measured directly, in physical units, or
indirectly in money value. Both approaches have their
advantages and disadvantages; they are well discussed in [20].

The productive capital stock can be measured by the
perpetual inventory method proposed by OECD [26]. If we

denote the productive capital stock by K., then

INt—r

K (13)

. Z::O hF.

Oi-r0

where:

h, is an age-efficiency profile, tracing the loss in
productive efficiency as an asset ages, taking values
between 1 (when the assets is new) and 0 (when it
has lost its entire productive capacity).

F. is a retirement function that quantifies the share of
assets of age t that are still in service. This function
is declining and takes values between 1 (when all
assets are in existence) and O (when all assets have
been retired).

IN, is the nominal investment expenditure on the asset
at time 1, which is deflated by an investment price
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index q....o Where subscripts indicate a price index for
the asset of age zero (a new asset) in year t.

Following the same manual, the cost of capital (rental price)
can be determined using the following formula:
ty =0 (rp +dg) = (A —Geq) (14)

where q; is the market price of a new asset, d; is the
depreciation rate and r; is some measure of the cost of
financial capital such as the market rate of interest.

However, it is also possible to approximate the cost of
capital inputs using regression methods following [20].

VI.

Our aim here is to propose a model to determine aggregate
productivity growth based on individual firm-level accounting
data. Given the nature of financial statements, we are able to
extract only some of the outputs and inputs, which we describe
below.

A. Input and output variables

In our model, we measured all input and output variables
indirectly using their monetary value.

Because of the internal heterogeneity of the agricultural
sector and diversities among agricultural firms, only one
category of output is considered (this approach is similar to
e.g. [8]):

o y: total sales of goods, products and services.

PROPOSED MODEL

Further, five categories of input are considered:

X1: number of employees (-), which is proxied by total
personnel costs divided by the average wages in the
industry in the corresponding year [1];

Xp: energy consumption (toe - tonnes of oil equivalent),
which is obtained by the total energy costs divided by the
energy consumption in the agricultural sector in the
corresponding year [6];

e Xs: other OPEX (in particular, services and depreciation)
(CZK), i.e. the difference between OPEX and labor and
energy costs; this input reflects services, material
consumption and other operational expenses;

X4: quantity of land used (ha), approximated by the book
value of land divided by the average cost of one hectare
in the appropriate year [24];

xs. other tangible assets (CZK).

For the TFP calculation, the variables were weighted by
revenue shares. The weight of the single output is of 1.

As to the inputs, we adopt a similar approach to [27] and
determine the weight of operating expenses (OPEX) as
OPEX/revenue. The OPEX part is then divided among xg, X,
and x5 according to the proportion of labor costs, energy costs
and other costs in OPEX.

The remaining portion (1 — OPEX/revenue) is attributed to
the remaining variables (X4, Xs) according to their proportion in
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total tangible assets.

B. Data and methodology

To gather the data on the Czech agricultural sector we used
the Albertina database which contains about more than
2,700,000 subjects with registered ID in Czech Republic.

We focused on the agricultural companies in the period
2004-2011. Companies containing incomplete data were
excluded from the analysis. This way we obtained 10,045
observations in total. Table 1 summarizes the number of
companies operating in the industry in the corresponding year.

For the above-mentioned output and input variables, we
aggregated the yearly data and determined their weights and
prices. Then we used the Fisher and Tdérnqvist indexes to
calculate the input quantity index, the output quantity index,
TFP growth and partial productivities of individual input
factors. However, the values of these two types of indexes
differ only minimally, so in the following text, we mention
only the values of Fisher index.

Tab. 1: Number of evaluated companies

Year No. of subjects
2004 923
2005 1085
2006 1248
2007 1385
2008 1429
2009 1441
2010 1415
2011 1119
VII. RESULTS AND DISCUSSION

In this chapter, we present the results from the above-
described analysis.

A. Aggregate TFP growth

The aggregate TFP growth was estimated using input and
output quantity indexes. The Fisher index formula produces
chain indexes (changes relative to the previous period), which
can be converted to fixed-base indexes which are more
convenient for TFP growth analysis since they illustrate the
TFP development relative to a fixed year (in our analysis, the
base year is 2004). However, from the analytical point of view,
the use of both expressions is suitable.

In Tab. 2, we summarize the results. Output quantity index
is denoted by Yg, input quantity index by Xg.

We observed that in the period 2004-2011, TFP grew by
10%.

We can also see the negative change of TFP between 2008
and 2009. The productivity decreased by 9%. However, the
productivity has been increasing since that time.

The results can be also illustrated using Fig 1.
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Tab. 2: Output and Input Quantity Indexes and TFP Growth

Year Chain indexes Fixed-base indexes
Ye Xe ATFP | Yg Xe ATFP
2004 - - - 1 1 1
2005 1.06 | 1.04 0.98 | 106 | 1.04 0.98
2006 114 | 114 1.00 | 1.21| 1.18 0.98
2007 119 | 1.23 1.04 | 144 | 1.46 1.01
2008 1.08 | 1.03 096 | 155| 151 0.97
2009 0.87 | 0.83 0.95| 135| 1.25 0.93
2010 0.92| 1.04 1.14 | 1.24| 1.30 1.05
2011 0.95| 0.98 1.04 | 1.17| 1.28 1.10
1,6
1,5 - _ P : \
1,4 - R4 A
13 - 'x ~
1,2 X1 A
1,1 - ¥ 4
. -
1 --’\_/\/
0,9 -
0,8 . . .
2004 2006 2008 2010

=Input index Output index

TFP growth

Fig. 1: TFP development in the Czech agricultural sector

In 2004, 2007 and 2011, agricultural enterprises in the
Czech Republic attained the best economic results since the
EU accession. The main source of income volatility in
agriculture is price fluctuation, followed by year-by-year
changes in yields (as the result of various weather conditions).
However, partially or fully decoupled payments serve as a
“financial pillow” increasing the level of the farmers’ income
and extending the farmers’ decision-making possibilities [30].

Besides other things, the sharp drop of agricultural income
in 2008 and 2009 had also delayed negative impact on
investments. The gross fixed capital formation in 2009 and
2010 was lower than fixed capital consumption (depreciation
and amortization). Fortunately, the income level and
investment activity of agricultural enterprises in 2011
increased, so agricultural enterprises were able to generate
further capital to increase their competitiveness.

The TFP growth is positively affected by the growth of
overall output and negatively affected by the growth of inputs.
To see more in detail which inputs affect the TFP decline the
most, we can analyse the partial factor productivities of
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individual inputs.

B. Partial factor productivities

Partial factor productivity is the ratio of the aggregate
output over a specific input which measures the efficiency of
input utilization. Formally, the partial factor productivity may
be defined as

PFR =
X

(13)

where Y is the output quantity index and X; is the individual
input quantity index.

We present the fixed-based partial factor productivities of
five inputs in Tab. 3 and Fig. 2.

Tab. 3: Partial factor productivities growth
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Year Fixed-base indexes
X1 X2 X3 X4 X6
2004 1 1 1 1 1
2005 0.99 1.00 0.92 0.68 0.91
2006 1.04 0.97 0.89 0.59 0.89
2007 1.20 0.94 0.94 0.52 0.96
2008 1.28 0.86 0.89 0.38 0.93
2009 1.17 0.86 0.77 0.25 0.75
2010 1.32 1.00 0.81 0.24 0.79
2011 1.53 0.97 0.89 0.25 0.91
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Fig. 2: Partial factor productivities growth

The results suggest that the utilization of the land input is
decreasing which has a negative impact on overall TFP
growth. However, due to its weight, this input is not much
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important.

Conversely, the utilization of the labor input is favorable,
but this input is a significant one with weights about 20-30%
of total inputs.

The most important input, which is the energy input X2,
varies around 1. Other inputs are rather declining, but
contribute to a minor extent to the total productivity growth.

C. Comparison with the Czech Economy

Agricultural sector is characterized by a relatively high
degree of competition, which implies a possibly higher level of
productivity than in the regulated or oligopolistic sectors (see
e.g. [23]). However, a higher productivity level does not
necessarily imply higher productivity growth. On the contrary,
firms which are already efficient are likely to have lower
productivity improvements, because they are located closer to
the efficiency frontier.

We can also compare our results to the total factor
productivity of the Czech economy estimated by the Czech
Ministry of Finance (tab. 4).

Tab. 4: Agricultural TFP growth compared to the growth of
the economy

Chain indexes
Estimated TFP
Year growth TFP growth
(agriculture, (economy, [25])
authors)
2005 -1.88% 4.0%
2006 -0.34% 3.6%
2007 3.52% 2.7%
2008 -3.94% 1.7%
2009 -4.57% 0.9%
2010 13.65% 0.4%
2011 4.17% 0.3%

Since agriculture provides basic raw material for the
peoples’ livelihood and it is also highly dependent on changing
natural conditions, there is a relatively low sensitivity to the
overall economy growth. The price level in agriculture is
determined by the price level abroad as well as by the level of
supply (and vyields) in the previous year. Moreover, the
demand for agricultural production has been relatively steady.
Thus, the agricultural TFP growth is not likely to move in the
same direction as the growth of the economy.

VIII.

Agriculture is a specific sector which, due to its high
importance, is often monitored by governments and
international agencies. In particular, it is desirable to measure
the productive efficiency of this sector.

In this article, we presented a measure of agricultural sector
performance based on the total factor productivity (TFP)
approach which makes use of accounting data on individual

CONCLUSION
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companies rather than macroeconomic indicators.

In the first part of the article, we presented the traditional
approaches to measuring total factor productivity, both at the
aggregate and individual level. Then we discussed the major
issues associated with measuring TFP and defining outputs and
inputs. Then, we proposed a model to estimate productivity
based on financial statements of individual agricultural
companies.

The results suggest that between 2004 and 2011, the
productivity grew by 10%. The major drop of productivity has
been observed between 2008 and 2009, when TFP decreased
by 9%. This negative development had a negative impact on
the overall level of investment. Conversely, in 2004, 2007 and
2011, agricultural enterprises in the Czech Republic attained
the best economic results since the EU accession.

The agricultural sector provides basic inputs for the
peoples’ livelihood and is highly dependent on changing
natural conditions, which would suggest that there is a
relatively low sensitivity on the overall economic growth. The
price level in agriculture is determined by the foreign price
level as well as by the development in the previous year, in
particular the weather conditions. On the other hand, the
demand for agricultural production is supposed to be relatively
steady, unlike the demand for other classes of groups.

Together with these arguments, the results of our analysis
suggest that the agricultural TFP growth does not necessarily
move in the same direction as the growth of the economy.

The analysis could be improved by using a more accurate
set of inputs and outputs. However, the definition of such a set
is complex and difficult due to the internal heterogeneity of the
agricultural sector and differences among agricultural
companies.

REFERENCES

[1] V. BaSek, Czech Agriculture Six Years after EU Accession (in Czech
language). 1% ed. Prague: Institute of Agricultural Economics and
Information, 2010.

L. Blazejczyk-Majka, R. Kala, K. Maciejewski, “Productivity and
efficiency of large and small field crop farms and mixed farms of the old
and new EU regions,” Agricultural Economics - Zemedelska
ekonomika, vol. 58, no. 2, pp. 61-71, 2012.

R. Bokusheva, H. Hockmann, S. C. Kumbhakar, “Dynamics of
Productivity and Technical Efficiency in Russian Agriculture,”
European Review of Agricultural Economics, vol. 39, no. 4, pp. 611—
637, 2012.

R. Caballero, “The Common Agricultural Policy (CAP) towards 2020:
How can fit farming in the marginal areas of the EU”, in Recent
Researches in Energy, Environment, Entrepreneurship, Innovation. Ed.
W. Vasek, Zh. Ktos. WSEAS, Lanzarote, 2011, pp. 88-102.

Czech Statistical Office, “Wages, Labor Costs - Time Series,” available
online at: www.czso.cz/csu/redakce.nsf/i/pmz_cr.

Czech Statistical Office, “Final Energy Consumption by Sector,”
available online at:
http://apl.czso.cz/pll/eutab/html.h?ptabkod=tsdpc320.

D. W. Caves, L. R. Christensen and W. E. Diewert, “Multilateral
Comparisons of Output, Input, and Productivity Using Superlative Index
Numbers,” Economic Journal, vol. 92, pp. 73-86, 1982.

L. Cechura, “Technical Efficiency and Total Factor Productivity in
Czech Agriculture,” Agricultural Economics - Zemedelska ekonomika.
vol. 58, no. 4, pp. 147-156, 2012.

T. J. Coelli, D. S. P. Rao, “Total Factor Productivity Growth in
Agriculture: A Malmquist Index Analysis of 93 Countries, 1980-2000

(2

(3]

(4]

(5]

(6]

(71

(8]

(9]



INTERNATIONAL JOURNAL OF ECONOMICS AND STATISTICS

(Conference paper),” Agricultural Economics, vol. 32, Issue SUPPL. 1,
pp. 115-134, 2005.

[10] T. J. Coelli, D. S. Prasada Rao, C. J. O’Donnell, G. E. Battese, An
Introduction to Efficiency and Productivity Analysis, New York:
Springer, 2005.

[11] G. Debreu, “The Coefficient of Resource Utilization,” Econometrica,
vol. 19, no. 3, pp. 273-292, 1951.

[12] W. E. Diewert, “Exact and Superlative Index Numbers,” Journal of
Econometrics, vol. 4, no. 2, pp. 115-145, 1976.

[13] W. E. Diewert, “Fisher Ideal Output, Input, and Productivity Indexes
Revisited,” Journal of Productivity Analysis, vol. 3, pp. 211-248, 1992.

[14] R. Fére, S. Grosskopf, D. Margaritis, “Efficiency and Productivity:
Malmquist and More,” in The Measurement of Productive Efficiency
and Productivity Growth, Ed. H. O. Fried, C. A. K. Lovell. S. S.
Schmidt, New York: Oxford University Press, pp. 522-622, 2008.

[15] M. Farrell, “The Measurement of Productive Efficiency,”” Journal of the
Royal Statistical Society, vol. 120, no. 3, pp. 253-282, 1957.

[16] 1. Fisher, The Making of Index Numbers, Boston: Houghton-Mifflin,
1922.

[17] J. Hicks, Value and Capital. Oxford: Clarendon Press, 1939.

[18] S.Jin, H. Ma, J. Huang, R. Hu, S. Rozelle, “Productivity, efficiency and
technical change: Measuring the performance of China's transforming
agriculture,” Journal of Productivity Analysis, vol. 33, no. 3, pp. 191—
207, 2010.

[19] T. C. Koopmans, “An Analysis of Production as an Efficient
Combination of Activities.” In Activity Analysis of Production and
Allocation, Ed. Koopmans, Monograph No. 13, New York: Wiley,
1951.

[20] D. Lawrence, W. E. Diewert, “Regulating Electricity Networks: The
ABC of Setting X in New Zealand,” in Performance Measurement and
Regulation of Network Utilities, Ed. T. Coelli, D. Lawrence,
Northampton: Edward Elgar, pp. 207—-241, 2006.

[21] W. Leontief, “Composite Commodities and the Problem of Index
numbers,” Econometrica, vol. 4, pp. 39-59, 1936.

[22] O. Machek, “Data Issues in Total Factor Productivity Benchmarking: A
Central European Perspective,” The Annals of the University of Oradea.
Economic Sciences, vol. 21, no. 2, pp. 224-230, 2012.

Issue 4, Volume 1, 2013 208

[23] O. Machek, J. Hnilica, “Total Factor Productivity Approach in
Competitive and Regulated World,” Procedia — Social and Behavioral
Sciences, vol. 57, pp. 223-230, 2012.

[24] Ministry of Agriculture, Czech Republic, “Final Report on the
Agricultural Sector 2011 available online at:
http://eagri.cz/public/web/file/191660/Zprava_o_stavu_zemedelstvi_CR
_za_rok_2011.pdf.

[25] Ministry of Finance, Czech Republic, “Macroeconomic Prediction
2012,” available online at:
http://www.mfcr.cz/cps/rde/xbcr/mfcr/Makroekonomicka-
predikce_2012-Q3_B.pdf

[26] OECD, Measurement of Aggregate and Industry-level Productivity
Growth, Paris: OECD, 2001.

[27] OFGEM, Productivity Improvements in Distribution Network.
Cambridge Economic Policy Associates, London: Ofgem, 2003.

[28] C. Z. Radulescu, M. Radulescu, A. T. Rahoveanu, M. T. Rahoveanu, S.
Beciu, “A multi-criteria approach for assessment of agricultural systems
in context of sustainable agriculture,” in Proceedings of the 2nd
international conference on Applied informatics and Computing theory,
WSEAS, Stevens Point, Wisconsin, 2011, pp. 167-171.

[29] J. Sixta, K. Vltavska, J. Zbranek, “Total Factor Productivity
Measurement Based on Labour and Capital Services,” Politicka
ekonomie, vol. 59, no. 5, pp. 599-617, 2011.

[30] J. Spicka, J. Boudny, B. Janotova, “The Role of Subsidies in Managing
the Operating Risk of Agricultural Enterprises,” Agricultural
Economics - Zemedelska ekonomika, vol. 55, no. 4, pp. 169-179, 2009.

[31] J. Spicka, J. Hnilica, “Efficiency of financial weather contracts in Czech
agriculture,” in Advances in Economics, Risk Management, Political
and Law Science, WSEAS, Zlin, 2012, pp. 317-322.

[32] L. Toérngvist, “The Bank of Finland's Consumption Price Index,” Bank
of Finland Monthly Bulletin, vol.10, pp. 1-8, 1936.

[33] E. Vaz, T. Vaz, “Spatial Databases for Decision Support in
Agriculture,” in  Proceedings of the 4th IASME/WSEAS International
Conference on Energy, Environment, Ecosystems and Sustainable
Development, WSEAS, Algarve, 2008, pp. 563-567.





