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Deter minants of productivity change of crop and dairy farmsin Germany, the
Netherlands and Sweden in 1995-2004

Abstract

We calculate the productivity change of the daing @rop farms in three European
countries in 1995-2004 using the Divisa index. Warzainpose the productivity
change in the stochastic frontier framework intorfoomponents: technical efficiency
change, technical change, scale change and alleadtange.

The average annual productivity growth of thepcfarms in 1995-2004 is
1.6%, 2.8% and 3.4% respectively in Germany, théh&tands and Sweden. The
main source of the productivity growth of the Gemraand Dutch crop farms is the
technical change. The main source of the growtthen Swedish crop farms is the
technical efficiency change.

The average annual productivity growth of theiry farmsin Germany, the
Netherlands and Sweden in 1995-2004 is 0.8%, 2.881a9% respectively. The
main source of the productivity growth of the Gemaad Swedish dairy farms is due
to technical changeThe main source of productivity growth of the Eutdairy farms

istechnical efficiency change.

Keywords Productivity, Decomposition of TFP, Stochasticntier models, crop

farms, dairy farms



1 Introduction

The basic definition of productivity is the rate tohnsformation of total input into

total output. There are two relevant questions: iBneow to measure productivity
growth; the other is how to decompose productigtgwth. The first question is

important because productivity growth is an impair{@arameter for economic policy.
The second question is also important becauseuse$ul to understand what drives
the economic growth, or explore explanations oraesifor productivity growth.

An often-used measure for productivity (or the alleproductivity) in
presence of multiple outputs and inputs is the [Meaator Productivity or Multifactor
Productivity (TFP or MFP) measurement, which isirted as the ratio of aggregated
output to aggregated input at a certain pointrokti Total factor productivity growth
is conventionallydefined as the growth of real output not explaibgdhe growth of
factor inputs and associated with changes in tdoggoi.e. Solow residual. Based on
the methods of aggregation of inputs and outputsret are different ways of
measuring TFP growth (Coelli et al., 2005).

The conventional index number measures of TFP drant defined as ratios
of output and input indexes. Typical measures mhelthe Divisia TFP index, the
Malmquist TFP index, the Tornquist index, the Frsheex and the Luenberger index
(Diewert and Nakamura, 2002). Among these conveationeasures, the Divisia
index is an appropriate index for the measuremetdtal factor productivity (Hulten,
1973; Star and Hall, 1976; Kumbhakar and LovelD@0

Apart from the conventional measures of index nushbke Divisia index for
TFP growth, the productivity change measurement bbesn extended from the
standard calculation of TFP towards more refinedodgosition methods. Among
these, parametric frontier estimates of total fagbooductivity change link the
productivity growth to the technical progress, tachl efficiency change as well as
scale components. Recent measures of productitigynge seek to decompose the
impact of scale effects of input changes (i.e. musets along the production
function), technical change (i.e. operating on awv ngroduction frontier) and
efficiency change (i.e. moving towards the produrctifrontier) by a parametric
method in a stochastic environment (Kumbhakar anolvel, 2000). The

decomposition of productivity change is mostly lshea the primal approach (e.g.



production frontier framework), i.e. by estimatia@f a production function or a
distance function (thus callé¢de parametric approagh

In the last two decades, the Common Agriculturdidyo(CAP) within the
European Union (EU) intends to shift to a more ratudeiented policy regime for
agriculture and increase the competitiveness a€algure. Productivity growth is one
of the key component of competitiveness. In thiglgtwe would like to analyse the
economic performance of some individual farms (spgcialistcrop farmsanddairy
farmg in the period of 1995-2004, particularly in terwfsproductivity, which might
provide some insights for the future policy refornWe study the productivity
performance of the crop farms and dairy farms, gisire Divisia index and output
distance function approach. Particularly, the pobdity change is further
decomposed into four main elements: technical chateghnical efficiency change,
allocative change and the scale change. For thigopa, we calculate the Divisia
indexes for the specialistop farmsanddairy farmsin Germany, the Netherlands and
Sweden in the period of 1995-2004, and estimate peduction frontiers, using the
FADN data. The estimated frontier models allow ¢aiculating the components of
the productivity change. From the estimated outpstance functions, we calculate
the four components of the productivity index: t@chal change, technical efficiency
change, scale change and allocative change. As wactontribute to the literature on

the empirical assessment of the EU CAP reform.

2 Divisiaindex for productivity and its decomposition
2.1 Divisiaindex for productivity change
The basic definition of productivity (TFP) is thate of transformation of total input

into total output. The Divisia index of productivithange is defined as the difference
between the rate of change of an output ind;éx &nd the rate of change of an input
index (X ), i.e.

TFP=Y-X =Y R, Yo~ > S %, (1)

where R, = p,V../R is theobserved revenue shao¢ outputy, R= Z P.Y., IS the

total revenue anc =(p,,...,p,) is the output price vector, ar&dn =1y, )(dy,/ d)



is the change rate of output. S, =w,x,/E is theobserved expenditure shaoé
inputx,, E= Zann is the total expenditure, ;(n = (I/x,)(dx, /dt) is the change rate

of inputx,, and w=(w,,...,w,) > Ois the input price vector (Kumbhakar and Lovell,

2000). Obviously, the Divisia index can be compuggeen observations on prices

and quantities and thusnsnparametric

2.2 Decomposition of Productivity in a Frontier Framework
Like other conventional measures of total factoodpictivity change, the Divisia
index cannot distinguish between technological preg and changes in technical
efficiency, yet the two may have quite differentlipyp implications (Diewert and
Nakamura, 2002). In the framework fobntier production mode]sthe conventional
measure of TFP change is decomposed into a measutechnical change and
technical efficiency change (Nishimizu and Page82)9 Kumbhakar and Lovell
(2000) use production frontiemodelto decompose the Divisia TFP growth rate into
technical change component, scale component, anitath efficiency change
component and an allocative inefficiency compon8ntimmer et al. (2002) usan
output distance functioto decompose the Divisia TFP growth into the sdouw
components. Karagiannis et al. (2004) wse input distance functiorio further
decompose théivisia productivity indexinto technical efficiency and allocative
efficiency change in addition to the technologidadnge and scale effects as well.

We follow the decomposition method of Brimmer le{2002) to decompose
the Divisia index into four components (allocative efficienchaage, technical
change, technical efficiency change and scale coemd by an output distance
function. The Divisia index of productivity change defined in equation (1). The
output distance function, expressed as the outpettated measure of technical
efficiency, can be writes as:

InD,(t, %, y)+u=0, (2)

where D is the distance to the output frontier ansl the inefficiency error term.

Totally differentiating this expression and usinge t definition of the
conventional Divisia index for productivity growtihje can obtain the decomposition
of this TFP growth index (Brimmer et al., 2002):



S S . N aInD,() _du
TFP=[Y(Ry = ) Y + 2 (A = SO% ] + (RTS=D) D A%, _0InDy() _0u 4
m=1 k=1 k=1 at at
N
where M :M, /]k = _M/ RTS, andRTS= z dln Do(-) .
diny, olnx, ~ 0dlInx,

This relation decomposes the observable total fgmtoductivity growth into

M N
an output price efI‘eth(Rm -4y, an input price effecE (A —S)x., a scale

m=1 k=1

N .
effect (RTS—l)Z/]k Xk, a technical change effe&% and a technical

k=1
inefficiency eﬁect—%. Clearly, the price effects of inputs and outptapture the

allocative effects AEC), and therefore the factor growth rate is a deawsitjpn of

four elements, i.e.:

TFP = AEC+SC+TC+TEC, (4)

where, AEC=[Z_(Rn = ) Vi +Z_(Ak -S)% 1.

N .
SC=(RTS-1)D A X,
k=1

TC= _0InDy(.) ’
ot
and
TEC= —@.
ot

Equation (4) is equivalent to the decompositiopmfductivity change in the context
of one output production technology given by Kuntidraand Lovell (2000, p284).

These allocative effects can be caused by markdétebavioural conditions
(e.g. there exists market imperfection or profitximazation does not hold), so
allocative effects are called theonnected to markepart of TFP change that is not
determined technologically. The other three comptéechnical change, technical
efficiency change and scale change) of the TFP gthame called thecbnnected to
technology’part or the technological induced changef the TFP change, which can
be derived by the presentation of production tetdgo(Brimmer et al., 2002).



3 An Empirical Model
For an empirical study, we require knowledge on gnewth rates of inputs and

outputs, and the@bservedrevenue R,) and cost sharesS) to calculate the TFP

growth (TI':P) using equation (1).

For decomposing TFP growth according to equationwé need to estimate
an output distance function representing the prodimcechnology with multiple-
outputs and inputs first. Then we can calculate sta&le chang&C and technical
changeTC based on the estimated output distance functibis @stimated distance
function also provides a measure of technical iefficy TE. Technical efficiency
change TEQ is calculated as the change rate of the techeifialency estimate over
time.

Assume that a farm’s production involvlt outputs Y1, Vo, ..., ym) andN

inputs ki, Xo,..., Xn), We specify an output distance function for ittt firm in timet:
t & t d N t t
Inyy :,80+Z,3k|nx - Zzlgkjlnxkilnxji
=1 k =1

+z,[>’ |n-2m ym' += ii 3;'"' y”' +zz,8kmln Xy In 2o ym' (5)

1 ]j k=1 m=2
LB+ AL +Zﬂktlnx;t+2ﬂmlny—':“t+vn -,
2 k=L m=2 Vi
whereu; is defined by:

U =20+ W, =5o+252 + W,

p plt

Technical efficiency is estimated aBE = exp(-u,) .
Further, we can calculate theasticity of output(multiple outputs) with

respect to each input,, the return to scaleof the productionRTS the ratio of
elasticity of outputs with respect to input to RT, scale chang&C, technical

changeTC, andtechnical efficiency changeEC.

M t
& = b +z:Bkj|nthi +Zﬁkm|ny_rtm+ﬁktt (6)
i m=2 Yai
N . M yt _ N
RTS=D{B+ 24,1 + 3 Al 4B =D 6, (7)
k j m=2 1i K
&
A =—= 8
“  RTS ®



SC=(RTS- 1)%/1k Xi 9)

N M t
TC= B+ Bt +D Blnx, + B In I (10)
k=1 m=2 1i
t+41 t t+1
TEC=15 tTE L —-1 (11)
TE TE,

Finally, the difference between the TFP index dmsltéchnological induced
change(TC+TEC+ SC) gives the allocative efficiency change:

AEC=TFP-(TC+TEC+SC). (12)

4. Data and selection of outputs, inputs and explanatory variables

A consistent database for the estimation of theatieo models is the European
Community’s Farm Accounting Data Network (FADN). éfffADN contains farm
level panel data on revenues, expenses and farmaateastics (e.g. farm size, land
use, labour use and capital stock). For this rebeare selected specialised crop
farms from three countries, i.e. Sweden, the N&hds and Germany under the
principal type of farming (PTF 13)Specialist cereals, oilseeds and protein crops
(COP crops) Data from specialised dairy farms over the perid@®5-2004 are
obtained under the principal type of farmir®pecialist dairying PTF41). In order to
obtain the quantities of inputs and outputs, we thgeprice indexes for agricultural
inputs and outputs from EUROSTAT with base year@t@calculate the Torngvist
price indexes. Next, we derive implicit quantitedsnputs and outputs as the ratios of

values to the Tornqvist price indexes.

4.1 Crop farmsin Germany, the Netherlands and Sweden

According to the FADN database, farm total outparigsists othree categoriescrops
and crop products, livestock and livestock produatsl other output. For the
specialist crop farms, the share of crops and products amounts to at least 70% of
the total outputs in all three countries. Therefave distinguish cereals, root crops
(aggregated by sugar beets and potatoes) and @t in the category @iops and
crop products We aggregatévestock and livestock producgsdother outputinto
“other products” and finally consider four outp(tereals, root crops, other crops and
other products) for total output. Furthermore, vwategorise three variable inputs:



seeds, chemicals (aggregated by fertilisers antick=s) and other variable inputs,
and three factor inputs: capital, labour and laDéscriptive statistics of the data on

outputs and inputs are shown in Table 1.

Table 1 Descriptive statistics of outputs and inputs @lpcfarms in three countries

Mean Std. Dev. Minimum Maximum
Germany®
Cereals (€) 61861 152995 60 2716982
Root crops (€) 58536 84628 0 1310043
Other crops (€) 34897 81257 0 1000335
Other products (€) 92292 282268 0 4061872
Seeds (€) 14007 28447 0 611867
Chemicals (£) 31912 63852 0 883116
Other variable inputs
(€) 106979 258700 4369 4002987
Capital stock (€) 405928 1094311 2606 20247558
Labour (hours) 7555 18207 2208 313599
Land (ha) 163 404 6 6263
Netherlands®
Cereals (€) 19391 18651 61 142951
Root crops (€) 141662 142061 0 985566
Other crops (£€) 42165 67572 0 999431
Other products (€) 29418 57534 0 775097
Seeds (€) 26841 26919 0 223202
Chemicals (£) 29372 22948 0 156765
Other variable inputs
(€ 62760 54116 5905 562710
Capital stock (€) 418490 353046 6875 3629547
Labour (hours) 3805 2464 100 19527
Land (ha) 71 50 10 348
Sweden®
Cereals (€) 33149 36301 5 272627
Root crops (€) 47203 66624 0 610558
Other crops (€) 15681 50968 0 687191
Other products (€) 39829 70641 0 693803
Seeds (€) 9200 12032 0 109546
Chemicals (£) 19032 19726 0 141428
Other variable inputs
(€ 63579 76606 3385 660951
Capital stock (€) 295854 286988 17423 1909601
Labour (hours) 2808 2267 100 15000
Land (ha) 115 131 9 1523

a Based on 1182 farms and 4755 observations in 1908-20
b Based on 424 farms and 1966 observations in 1998-200
¢ Based on 333 farms and 1009 observations in 1998-200



Explanatory variablesz{variables) which may influence farm efficiency lumbe
management strategies (e.g. financial managememgjronmental factors (such as
location and specialization), and socio-economatdia (e.g. public policies) (Wilson
et al., 2001; Iraizoz et al., 2005). Table 2 shdomeslist of FADN variables that was
selected to represent the factors that may expdaimical efficiency. Many variables
potentially affecting management strategies, suchge, education level and family
characteristics were not available in the FADN Hase.

The explanatory variables include different types swmbsidies, farm size,
management related variables (degree of specializdabour use and land use) and
financial management related variables. In ordeartalyse the impacts of the CAP
subsidies properly, we have investigated the coitipnsof subsidies in the study
period (1995-2004) in the FADN data source. Thellabke data does not provide
information on coupled and decoupled subsidies ctlire Rather, the data
distinguishes five categories of subsidies: 1) &lds for crops (including
compensatory paymemd the producers of COP cropset aside premiumpaid to
producers of COP crops anther crop subsidiesn field, horticultural and permanent
crops), 2) subsidies for livestock activities (3dies dairying, other cattle, sheep &
goats, and other livestock), 3) other subsidiesloting environmental subsidies,
LFA subsidies and other rural development payme#dissubsidies on intermediate
consumption, 5) subsidies for external factors @sgagrent and interests). The
compensatory payment and other crop subsidies enfitst group are linked to
production activities of specialised crop farms aaré considered to be directly
coupled to production of crops.eSS aside premiumsare considered to be
predominantly decoupled from production. In ordercaipture the effect afoupled
subsidieson technical efficiency of specialised crop farme, use the share of crop
subsidies excluding set-aside premiums in totakisiigs. This share indicates the
extent to which subsidies are coupled to crop prodn, and is assumed to represent
the degree of couplingThe impact ofdecoupled subsidiesn technical efficiency is
reflected by the share of total subsidies in tédain revenues (i.e. total output plus
total subsidies). This variable is motivated by fhet that decoupled subsidies are
given as a lump sum payment to farmers, therebygithem a wealth signal. This
wealth signal of decoupled payments is assumeceteefiected by the share of all
subsidies in total revenues; the coupled impactubisidies is controlled for by the

share of crop subsidies in total subsidies.
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Table 2 Explanatory variablesz{variables) in the inefficiency effects model ahdit

definitions

Variable name Definition

Degree of coupling Share of coupled crop subsidies excluding set-aside

premiums in total subsidies (%)

Decoupled payment Share of total subsidies in total farm revenues (%)

Farm size Farm size in terms of European size units (ESU)

Degree of specialisation Share of crop production in total production (%)

Family labour Share of family labour in total labour (%)

Rented land Share of rented land in total utilised land (%)

Long term debt Share of long- and intermediate-term loans in total assets (%)
Short term debt Share of short-term loans in total assets (%)

Farm size captures the impact of economies or ddis@mies) of scale which
may partly materialise through a higher (lower)htacal efficiency. Degree of
specialisation captures any advantages relatepeciadisation such as economies of
scale in a single production activity and knowled@ke share of family labour in
total labour may positively affect technical eféiocy if family labour is more
motivated or better skilled. Rented land refledte impact of ownership as an
additional incentive to produce efficiently. Finglthe shares of long- and short-term
debts in total assets account for the impact arfanal risk and pressure on farmers.
Farms that have relatively high debt ratios may het able to keep up with
technical/technological changes and new legislativeironment (Paul et al., 2000).
However, debts may have a positive effect on faarfgpmance if they provide an

incentive to farmers to produce efficiently (Zhesigind Oude Lansink, 2006).

4.2 Dairy farmsin Germany, the Netherlands and Sweden

For the specialist dairy farms, the dairy outputl{jramounts to at least 65% of the
total outputs. Therefore, we categorize two outpuiitk and other outputs, which is
the aggregate of the remaining part of the totapwu For the total inputs, we
distinguish one variable input and three factoruisp(capital, labour and land).

Descriptive statistics for the data for each copate shown in Table 3.

11



Table 3 Descriptive statistics of outputs and inputs dfydéarms in Germany, the

Netherlands and Sweden

Mean Std. Dev. Minimum Maximum
Germany®
Milk (€) 90888 58662 13252 413046
Other products (€) 32810 19991 4347 136177
Variable inputs (€) 73470 43791 6868 438746
Capital stock (€) 2825 4385 337 458499
Labour (hours) 4036 1950 2186 31910
Land (ha) 58 37 8 364
Netherlands®
Milk (€) 159668 87422 11563 525867
Other products (€) 42355 39276 3776 311657
Variable inputs (€) 102330 52922 16698 467700
Capital stock (€) 4168 2441 425 31308
Labour (hours) 4362 1656 756 13149
Land (ha) 42 23 6 214
Sweden®
Milk (€) 97128 106332 184 1407383
Other products (€) 36363 45217 150 501265
Variable inputs (€) 91446 95277 3876 1431048
Capital stock (€) 3238 2916 176 33010
Labour (hours) 4468 2398 500 36756
Land (ha) 84 84 4 1119

a Based on 2845 farms and 12458 observations in 1008-2
b Based on 696 farms and 3223 observations in 1998-200
¢ Based on 597 farms and 3341 observations in 1998-200

The explanatory variables are similar to the craonk, except for z1 and z5.
In dairy farms, we use the share of livestock silypsd the total subsidies for z1 and

the share of dairy production to the total produrfior z5 for Table 2.

5 Empirical results

5.1 Productivity of crop farms

We use the maximum likelihood method to estimagdutput distance functions of
the crops farms and calculate their productivitgrade as well as the decomposition
using the FADN data by software Stata/SE9.2. Tables the summary of the
productivity change of crop farms in each countng ats decomposition into the
allocative efficiency change, the technical efficig change, the technical change and

scale effects.
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Table 4 Productivity change in crop farms and ésamposition 1995-2004

Time AEC TEC TC SC TFP
Germany

1995-1996 0.052 0.050 0.026 0 0.128
1996-1997 -0.001 -0.003 0.023 -0.001 0.019
1997-1998 -0.037 -0.037 0.021 0 -0.053
1998-1999 0.047 0.032 0.018 0.001 0.097
1999-2000 .0.016 0.031 0.015 -0.001 0.029
2000-2001 -0.033 -0.014 0.012 -0.002 -0.036
2001-2002 0.012 -0.042 0.010 -0.001 -0.022
2002-2003 .0.015 0.003 0.007 0 -0.005
2003-2004 0.042 0.025 0.004 -0.001 0.070
Average 0.002 0.001 0.014 -0.001 0.016
Netherlands

1995-1996 0.179 0.006 0.025 -0.003 0.207
1996-1997 0.072 0.006 0.026 -0.004 0.100
1997-1998 -0.250 -0.017 0.026 0.004 -0.237
1998-1999 -0.210 0.006 0.026 0.007 -0.170
1999-2000 0.354 0.015 0.027 0.002 0.398
2000-2001 -0.051 -0.01 0.027 -0.002 -0.037
2001-2002 -0.203 0.062 0.028 0.006 .0.107
2002-2003 0.107 -0.017 0.028 0.007 0.125
2003-2004 .0.142 -0.019 0.028 0.009 -0.123
Average -0.006 0.004 0.027 0.003 0.028
Sweden

1995-1996 -0.022 0.107 0.004 0.009 0.099
1996-1997 0.089 0.014 0.007 0.001 0.111
1997-1998 -0.127 -0.040 0.010 -0.001 -0.158
1998-1999 0.062 -0.019 0.012 0.003 0.058
1999-2000 -0.019 0.179 0.015 -0.003 0.172
2000-2001 -0.032 -0.038 0.017 0 -0.053
2001-2002 0.006 -0.016 0.020 0.002 0.012
2002-2003 0.011 0.086 0.023 0 0.120
2003-2004 -0.005 .0.071 0.025 -0.001 -0.052
Average -0.007 0.023 0.018 0 0.034

Table 4 shows that the annual productivity growthttee crop farms in
Germany, the Netherlands and Sweden in 1995-2004.6%, 2.8% and 3.4%

13



respectively. Over time the productivity change raft the crop farms in the countries
are fluctuating. The fluctuation of the TFP chanfé¢he crop farms over time can be
explained by the yields variations and price vbtgti

Outputs and inputs of the crop production are lgrgkependent on the
exogenous factors such as weather conditions astdep&lemics, as such the yields
can change dramatically from year to year. In Gemntaere is a dramatic change of
TFP growth from 1995-1996, 1998-1999 and 2003-2(004s can be explained by
the record of annual yields of typical crops. Fraraple, yields of cereals, wheat,
potatoes and vegetables in Germany increased i5-1996, especially potato yields
increased by 24%. In 2003 to 2004, cereal yieldeased by 28%, potato by 28%,
and sugar beets by 16% (EUROSTAT, 2008). Correspgrad the yield fluctuation,
prices also fluctuate over time. In the Netherlaadd in Sweden, the dramatic TFP
changes in 1995-1996 and in 1997-1998 can alsxjiaired by the yield variations
and price volatility.

Further, we interpret the components of the TFihgbaln Germany, 1.6% of
the average annual productivity change is due 28600f the allocative efficiency
change, 0.1% of the technical efficiency changé%lof the technical change and a
marginal decrease of scale change (-0.1%).

Overall, the allocative efficiency change is quitdatile over time. This can
again be explained by the price volatility of theguct market, because allocative
efficiency is a measurement of how good the firmade their best combination of
outputs and inputs to achieve the highest profitsatering the prices of inputs and
outputs. With fluctuations of prices (e.g. unforemae reason due to pest, weather
conditions etc.), the allocative efficiency improvent (a positive change) is difficult
to keep. Technical efficiency change over time as stable due to the impacts of
explanatory variables. Technical change in differenuntries exhibits different
patterns: in Germany, it is decreasing, in the Bi#imds, it is constant and in Sweden
it is increasing over time. The scale change owee tis very small in Germany and

Sweden, while in the Netherlands on average itdeeiasing annually by 0.3%.

5.2. Productivity of dairy farms and its decomposition
Table 5 is the summary of the productivity chanfée dairy farms in each country
and its decomposition into the allocative efficigrahange, the technical efficiency

change, the technical change and scale effectsl loastine individual frontiers.
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Table 5 Productivity change in dairy farms anddgsomposition 1995-2004

Time AEC TEC TC sc TFP
Germany

1995-1996 -0.055 0.002 -0.004 -0.002 -0.059
1996-1997 -0.007 0.051 -0.001 0.003 0.046
1997-1998 0.055 0.014 0.002 -0.004 0.067
1998-1999 0.024 0.03 0.005 -0.003 0.057
1999-2000 -0.05 0.025 0.008 -0.007 -0.024
2000-2001 -0.05 -0.029 0.011 -0.007 -0.075
2001-2002 0.013 0.017 0.014 -0.001 0.044
2002-2003 -0.019 0 0.017 -0.004 -0.006
2003-2004 0.02 -0.003 0.020 0.001 0.039
Average -0.008 0.010 0.008 -0.003 0.008

Netherlands

1995-1996 -0.071 0.015 -0.007 0.008 -0.055
1996-1997 0.002 0.062 -0.004 0.009 0.070
1997-1998 0.05 0.05 -0.001 -0.005 0.094
1998-1999 0.009 0.082 0.002 -0.009 0.084
1999-2000 -0.054 -0.042 0.005 -0.002 -0.093
2000-2001 -0.036 0.063 0.008 -0.016 0.018
2001-2002 0.044 0.008 0.011 -0.011 0.051
2002-2003 -0.019 0.042 0.014 -0.008 0.029
2003-2004 0.008 -0.008 0.017 -0.005 0.012
Average -0.007 0.028 0.003 -0.004 0.022
Sweden

1995-1996 0.063 -0.011 0.019 0.006 0.078
1996-1997 0.002 -0.056 0.021 0.001 -0.033
1997-1998 -0.012 -0.001 0.023 0 0.009
1998-1999 0.006 -0.029 0.024 0.004 0.005
1999-2000 0.041 0.022 0.026 0.001 0.089
2000-2001 -0.054 -0.032 0.027 -0.001 -0.059
2001-2002 0.011 0.002 0.029 0.001 0.043
2002-2003 0.016 0.032 0.031 0.005 0.084
2003-2004 -0.028 -0.036 0.032 -0.001 -0.032
Average 0.002 -0.011 0.025 0.001 0.019

Table 5 shows that the annual productivity growthtlee dairy farms in
Germany, the Netherlands and Sweden in 1995-2008.8%, 2.2% and 1.9%

respectively. In Germany, 0.8% of the average anpuaductivity change in the
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sample dairy farms is due to -0.8% of the alloaa#ificiency change, 1.0% of the
technical efficiency change, 0.8 % of the technidadnge and -0.3% of the scale
change. The main source of the productivity grovetitdue totechnical efficiency
change

In the Netherlands, 2.2% of the average annualymtodty change is due to
2.8% of the technical efficiency change, 0.3% a tachnical change and -0.4% of
the scale effect as well as a slight decreaseeohliocative efficiency (-0.7%). The
main source of productivity growth is the improverhef technical efficiency
change

In Sweden, the 1.9% of the productivity change i do 0..2% of the
allocative efficiency change, -1.1% of the techhiefficiency change, 2.5% of the
technical change, 0.1% of the scale effeEéxhnical changés the main source of the
productivity growth for Swedish dairy farms.

Technical change in three countries shows an isargapattern. Technical
efficiency change is linked to the change of exatary variables. Allocative
efficiency change is fluctuating over time to resgdo the price change because the
allocative efficiency change is the connected-takatapart of TFP change, which
includes the output and the input price effectdodth Germany and the Netherlands,
the scale effects are usually negative due to #aedsing returns to scale, but
positive in Sweden due to its increasing returns¢ale. The overall productivity
growth is mainly attributed to the technical chanigehnical efficiency change and
the allocative efficiency change. The variationatibcative efficiency change over
time is caused by the volatility of the price charayer time. In order to cooperate
with the volatile price change over time, firms 8dw adjust their allocation of inputs
and outputs properly to achieve their cost minirtiiizaor profit maximization, which

results in the volatile allocative efficiency chang

6 Concluding remarks

We apply the stochastic frontier framework andFA®N data of the crop farms and
dairy farms in three EU countries to estimate thepot distance functions and
inefficiency effects model in the period 1995-20Wde calculate the Divisia index for
the productivity change and decompose it into alive efficiency change, technical
efficiency change, technical change and scale @hasythe determinants of the

productivity change.
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The annual productivity growth of the crop farms3armany, the Netherlands
and Sweden in 1995-2004 is 1.6%, 2.8% and 3.4%eotively. The main source of
productivity growth in Germany and Dutch crop fanwslue to theéechnical change
The main source of the productivity growth in theeflish crop farms isechnical
efficiency change

The annual productivity growth of the dairy farme Germany, the
Netherlands and Sweden in 1995-2004 is 0.8%, 2.881a9% respectively. The
main source of the productivity growth of the Genyalairy farms and Dutch dairy
farms is due t@echnical efficiency chang@he main source of productivity growth in
the Swedish dairy farms ischnical change

The study implies that the productivity change irer@any and the
Netherlands is mainly caused by the technical chandhe crop farms but technical
efficiency change in dairy farms, while in Swedeahnical efficiency change in crop
farms and technical change in dairy farms is thenmeason of productivity change.
The CAP reform in the form of income support in gexiod has different impacts on
the technical efficiency change in different cowggrand different farming sectors.
Overall the technical efficiency change due tala#l exogenous factors is on average
positive in the crop farms in three countries amdtydfarms in Germany and the

Netherlands, but negative in Swedish dairy farms.
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