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Abstract:

This research work examines levels and trends in globd agricultura productivity in
fifteen European Union countries and four Eastern European countries that have aready
goplied for European Union membership. The study makes use of data collected from the
Food and Agriculture Organization of the United Nations and covers the period 1980
1998.

An approach based on Data Envelopment Anadlyss is used to provide information on the
peers of the (ineffident) i-th country and to derive the Mamquist productivity indices.
This approach is chosen due to the nontavailability of reiable input price data to measure
totd factor productivity change, technica efficiency change and technica change.

Modd results show France, Bel-Lux and Itay are on the frontier technology in the period
of dudy. Although Bulgaria and Hungay do not belong to the European Union, these
countries are on the frontier technology, too. These results dso show that France posts
the most spectacular peformance, while the Eastern European region is the mgor
performer region and the Mediterranean region is the weskest performer region over the
period of sudy. These results indicate that technicd efficiency is not a source of totd
factor productivity growth. Another intereting result is that there is not a degree of
catch-up due to improved technical efficiency adong with growth in technica change in
European Union Countries and four Eastern European countries.
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1 - Introduction

The European Union's policy on agriculture began in 1960, when sx countries adopted
the mechaniams of the Common Agriculturd Policy. This was only redly agpplied in
1962, when those countries crested the first organizations of common agriculturd
markets that had a strong influence on the agriculture of the six countries. This influence
has become manifest in the compstitiveness and in the growth of the productivity of the
European Union's countries. The effects of the Common Agriculturd Policy on the
agriculture of these countries have been reinforced by other decisons and measures.
Reference is here made only to the firs reform of the Common Agricultura Policy
(Mansholt Plan) in 1971, the introduction of socio-dtructurd policies in 1971, the
accesson of the United Kingdom in 1972, Irdland and Denmark in 1973, Greece in 1981
and Portugal and Spain in 1986, the reform of structura funds in 1987, the second reform
of the Common Agriculturd Policy under Commissary Mac Sharry in 1992, the entrance
of Finland, Sweden and Audria in 1995 and the third reform of the Common Agricultura
Poalitics (Agenda 2000) in 1999.

These decisons and measures have had effects on the agriculture of the fifteen countries
that condtitute the European Union and the other countries that have dready applied for
European Union membership such as Bulgaria, Romania, Hungary and Poland. These
four countries belong to Eastern Europe, whose agriculture is different from the
remaining fifteen countries of the European Union. Productivity growth, technica
efficiency and technical change have been sudied over the last decades. Agricultura

economists have examined the sources of productivity growth over time and of



productivity differences among countries and regions over this period. Some of the
dudies that have andyzed cross-country  differences in productivity growth include
Hayami and Ruttan (1970, 1971), Kawagoe and Hayami (1983, 1985), Kawagoe, Hayami
and Ruttan (1986), Lau and Y otopoulos (1989), Capdabo and Antle (1988), Bureau et. d
(1995), Fulginiti and Perrin (1993, 1997) and Rao and Codlli (1998).

These dudies refer to a small number of countries and span the period 1960 to 1980.
They report results of the less developed countries that exhibit technologica regression,
countries which appear to be in sharp contrast to the developed countries that show
technologica progress. Some recent dudies, Fulginiti and Perrin (1997), examine 18
developing countries and find that 14 of these coutries show a decline in agriculturd
productivity over the period 1961-1985. Rao and Codli (1998) examine the ayriculturd
productivity growth in 97 countries over the period 1980 and 1995 and the results show
an annua growth in tota factor productivity growth of 2.7 percent, a mgor contributing
factor being technical efficiency change.

This resesarch work presents some results from a project, which examines globd
agriculturad  productivity trends based on data from the fifteen European Union countries
and four countries belonging to Eastern Europe covering the period 1980 to 1998. The
present study analyses totd factor productivity change, technicd efficiency change and
technicad change among countries over the period of study, and focuses on issues of
catchrup and convergence. The non-parametric Mamaquist tota factor productivity index
methods discussed in Fére et d (1994) are employed here to examine globa agriculturd

productivity in these countries.



2 - Methodology

This section describes the data envelopment andysis and the Mamaquist index methods
research to measure tota factor productivity (TFP). These methods are described by Fére
et a (1994), Codli, Rao and Battese (1997) and Rao and Codli (1998). The data
envelopment andyss (DEA) congructs a piece-wise linear production frontier for each
year in the sample.  This methodology has been applied to firms which uses data on the
input and output quantities to condruct a piece-wise linear surface over the data points.
This frontier surface is condructed by the solution of a sequence of linear programming
problems. The degree of technicd inefficiency of each firm (the disance between the
observed data point and the frontier) is produced as a by-product of the frontier
congtruction method.

DEA can be dther input-orientated or output-orientated. The input-orientated case
requires that the DEA gpproach defines the frontier by seeking the maximum possible
proportiona reduction in input usage, with output levels hed congant for each firm. For
the output-orientated case, the DEA approach seeks the maximum proportional increase
in output production, with input levels held congtant. The two cases provide the same
technica efficiency scores when a congtant returns to scale (CRS) technology applies, but
the scores are unequa when variable returns to scale are assumed to measure globd
agriculturd  productivity. This research work applies this gpproach to countries. Firdtly,
this study presents a DEA mode to provide information on the peers of the (ingfficient)
i-th country, before describing the Mamquist total factor productivity calculations.

A DEA mode is solved for the i-th country asfollows:
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Where

yj isaMxlvector of output quantities for the i - th country;
xj isaKxlvector of input quantities for the i - th country;
Y isaNxM mdrix of output quantities for dl N countries;
X isaNxK marix of input quantities for dl N countires;

| isaKxlvector of weights and

f isascde

Thef  will take a value grester than or equal to one andf -1 is the proportiond incresse
in outputs that could be achieved by the i-th country, with input quantities held constant.
The linear programming mode is solved N times once for each country in the sample.
Each solution of the linear programming mode has af and avector. Thef -
parameter provides information on the technica efficiency score for the i-th country and

the & - vector provides information on the peers of the (inefficient) #th country. The
peers of the tth country are those efficient countries that define the facet on the frontier
agang which the (inefficient) i-th country is projected.

The second approach used in this research work is the Mamquist total factor productivity

index. This is defined usng digtance functions. Digance functions describe a multi-input,



multi-output production technology without the need to specificy a cos minimization or
profit maximization objective. The digance function can be ether input distance function
or output distance function. This paper only refers to output distance function in detail,
gnce this function consders a maxima proportiond expanson of the vector, given an
input vector. The input distance function can be defined and used in a Smilar manner.

This research work considersthat in time period t, producers are using inputs, x I rRM
to produce outputs Y 0 R M The input requirement set is defined asfollows:

Lt (vt ={x t: X tcanproducey 1 - ()
Lt(yt) contansdl input vectors that can produce output yt . This requirement set is non
empty, closed, convex, bounded from below by the input isoquant, thet is:

1sogLt (v®) ={ xt: x 1T LEeyh), 1 xT Leyt), forl <1} €)
1sogLt (yt) defines a boundary (frontier) to the input requirement set, and those input
vectorsthat lie on it are efficient in the sense that any radia contraction of them within

Lt(y!) is not posshle Alterndtively, with reference to the input requirement s, the
technology of production is defined in terms of the input distance function (Shephard,
1953 and 1970) as:

pEYt. X) =sp{g: (xt/a)T Lt(vY).q>0) @
where the wbsc?ipt I denotes input orientation. D}(Yt,x)t characterizes the technology
of production completely in the sense that D}(Yt,X)taissﬁidentfor x Lyt
andif DH(Y!,X)1=10 X1 Isodl'(vY).. Ontheother hand, pi(yt, x)t isreciproca
to Fardl's input oriented measure of technicd efficiency (Fare and Primont, 1995),
whichis

TEf(YE, x1) =min{f : (f xHi Liyhf >0 (5)



Assuming two time periods t and t+1 respectively, and defining in each one of them
technology and production as shown before, the Madmquist index is defined usng
digance functions. These functions dlow one to describe a multi-input and multi-output
production technology without the need to specify a behaviord objective (such as cost
minimization or profit maximization). One may dedfine input disance functions and
output distance functions. An input disance function characterizes the production
technology by looking & a minima proportiond contraction of the input vector, given an
output vector. An output distance function congders a maxima proportiond expansion of
output vector, given an input vector. This paper assumes a congant returns to scde
technology and sdlects an output orientation, because it is far to assume tha agriculturd
activities in each country atempt to maximize output from a given sgt of inputs, rather
than the converse. So, this research work only considers an output distance function as
follows
€d3(vy xt) y db (g, xt) l:I]/2
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A vdue of mg greater than one will indicate a totd factor productivity growth increase
from period s to period t, while a vaue less than one indicates a total productivity growth
decline. The equation 5 is the geometric mean of two indices. The firgt index is evauated
with respect to period s technology and the second one with respect to period t
technology. An equivaent way of writing this productivity index is as follows:
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This ratio has two parts. The part outside the square brackets measures efficiency change
between period s and t, while the remaining part is a measure of technica change.

There are a number of different methods that could be used to measure the distance
functions tha make up the Mamquist index. Following Fare e d (1994), the required
disgances are caculated usng DEA-like liner progranmming modds.  For the i-th
country, four disgance functions are caculated to messure totad factor productivity
change, technological change and technical change between two periods. This requires

the solving of four linear programming modes.
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Note that in linear programming models 10 and 11, where production points compared to
technologies from different periods, the f parameter need not be greater than or equal to
one, as it must be when cdculaing Fardl output-oriented technicd efficiencies The
data point could lie above the feasble production set. This will mogt likely occur in linear
programming model 11, where a production point from period t is compared to
technology in earlier period s If technicad progress has occurred, a value of f<1 is
possble. Note that it could dso possbly occur in lineer programming modd 10 if
technical regress has occurred, but this is less likey. Furthermore, note that the above
four linear programming modes must be solved for each country in the sample. Some
authors have suggested that dl the Madmquis Daa Enveopment Anayss caculations
must be done assuming variable returns to scade. Apart from interpretation difficulties
asociated with total factor productivity measures based upon varigble returns to scde
technology, this approach can experience computationa difficulties because the distances
may not dways be defined in some inter-period DEA-liner programming modes.
Hence, for these two reasons, the use of congtant returns to scale methods is suggested to
avoid these problems. The Mamquist (output-orientated) total factor productivity change

index between period s (the base period) and period t is given by the Mamaquigt totd



factor productivity index and is defined by the geometric mean of two indices, in the

spirit of Fisher (1922) and Caves, Christensen and Diewert (1982).

3 - Data and Information

This research work collected data exclusvely from the AGROSTAT sysem of the
Statigics Divison of the Food and Agriculturd Organization in Rome. All necessxy data
and information were downloaded from the Web dte of the Food and Agriculture
Organization of the United Nations (FAO). The data was collected for European Union
countries and four countries from Eastern Europe over the period 1980 to 1998. These
four Eastern European countries have aready gpplied for European Union membership.

The output varidbles are crops and livestock. Aggregating detalled output data on
agricultural commodities derives these two variables. The base year is 1989-91.

The study consders only five input varigbles. The firgt varigble collected is land, which
includes permanent crops as well as the area under permanent pasture. The second one is
tractors, which covers the number of whed and crawler tractors used in agriculture,
without alowance being made as to their horsepower. The third one is labor, which refers
to the economicdly active populaion in agriculture, including dl economicdly active
persons engeged in agriculture, forestry, hunting or fishing. This variadle overdates the
labor input used in agriculturd production, and the extent of overstatement depends upon
the level of development of the country. The fourth one refers to fertilizer, which

expresed by the sum of Nitrogen, Potassum and Phosphate contained in the commercid
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fertilizers consumed. The livestock variable used in this research is the sheep-equivaent
of four categories of animas used in condructing this variable. The categories considered
ae catle, pigs, sheep and goats. Numbers of these animas are converted into sheep
equivaents usng converson factors 8.0 for cattle and, 1.0 for sheep, goas and pigs

(Reo et d, 1998).

4 - Results

The results of this research work are presented in this section. This paper provides a table
of pears for dl countries in five different periods to understand the behavior of globd
agriculturd  productivity in the European Union countries, and four Eastern Europesn
countries that have applied for European Union membership over the period 1980-98.
This sudy aso presents information on the means of the measures of technica efficiency
change, technicd change and Totad Factor Productivity change for each country over the
19-year sample period and the mean changes between each pair of adjacent years over the
18 countries. In addition, it dso provides means for certain groups of countries and plots
the tota factor productivity trends of some selected groupings of countries.

Table 4.1 identifies dl those countries tha define the frontier technology for the years
1980, 1985, 1991, 1995 and 1998 in the vicinity of their observed output and input mixes.
These dates are important for examining the effects of certain decisons and measures on
the agriculture of those European countries. The year 1980 represents the period before

the accesson of Greece to the European Union; the year 1985 the period before the entry
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of Portugd and Spain into the European Union; the year 1991 the last year of the old
Common Agriculturd Policy; the year 1995 the period before the accesson of Finland,

Sweden and Audtria to the European Union; and, the year 1998 the period before Agenda

2000.
Num]  Country 1980 1985 1991 1994 1998
Peers Count Peers Count Peers Count Peers Count Peers Count
1| Audtria 9 16 101 O 9101 O 921610] O 9 10 16| O 9 10 15| O
2| Bd-Lux 2] 3 2] 2 2] 3 2| 3 2l 2
3| Denmark 1052 0 3 1 33 3] 1 3] 2
4] Finland 16 101 O 16 10 O 10 16] O 10 161 O 16 10 O
5| France 3 2 5] 1 51 1 5] 2 5 2 |
6| Germany 16 10} O 10931 O 163109] O 93105] 0 1091653] 0
7| Greece 71 2 71 _0 71 _0 71 1 71 1
8| Irdland 2101 O 210§ O 2101 O 102| O 210 0
9lltay 9 4 9 5 9 4 9] 6 9 5
10| Netherlands 100 10 100 8 10 8 10| 8 10 7
11] Portugal 10791 O 12 910) O 16 9 10l O 10 26 9] O 7 189101 O
12| Spain 12} 0 2] 1 1659 0 105972 O 12] 0
13| Sweden 916 10§ O 10914 O 16 3100 O 1016 9] O 316910 O
14| UK 521016 O 52 16 0 3216 O 215 5 0 2 516] 0
15| Bulgaria 10181671 O 1618100 0 15| 1 15 1 15| 2
16| Hungary 16} 7 16 5 16] 9 16| 5 16| 5
17| Poland 16 9101 O 109194 O 16 10] O 1016 9] O 1591610, 0
18| Romania 18] 1 18] 1 16 10 15| O 18] 0 18] 1

Table 4.1 - Peersfor each of the countries

Note: The count is the number of times that country acts as a peer for another country

This table shows that there are 4 countries, France, Be-Lux and Ity that are on the
frontier technology in the period of study. For France, Bd-Lux and Itay are technicd
efficient and Common Agriculturd Policies have had a postive impact on ther
agriculture. United Kingdom does not appear as a peer for any country from these periods
of sudy. In contrast, the Netherlands appears as a peer for 10 countries in 1980 and 7
countries in 1998. Although Bulgaria and Hungary do not belong to the European Union
now, the results show

that these countries are technicd efficient during the period of

study and appear as peersfor 2 countriesin 1998.



Table 4.2 shows the mean technicd efficiency change, technica change and totd factor
productivity change for the 18 countries over the period 1980 to 1998. Countries in this
table are presented in a descending order of the magnitude of the tota factor productivity

changes.

Country effch techch tfpch
France 1.000 1.036 1.036
Bel-Lux 1.000 1.035 1.035
Denmark 1.006 1.028 1.034
Romania 1.000 1.033 1.033
Austria 1.006 1.025 1.031

Germany 1.006 1.025 1.031
Bulgaria 1.006 1.023 1.029

Finland 0.999 1.026 1.024
Ireland 0.998 1.026 1.023
Poland 1.013 1.011 1.023

Netherland  1.000 1.021 1.021
Hungary 1.000 1.019 1.019

UK 0.985 1.031 1.016
Sweden 0.995 1.018 1.012
Italy 1.000 1.011 1.011
Greece 1.000 1.007 1.007
Spain 1.000 1.007 1.007

Portugal 0.989 1.009 0.999
Geomean 1.000 1.022 1.022
Table 4.2 - Efficiency and Productivity Changes for the Countries
Notes. effch- technica Efficiency Change

techch - technical Change

tpfch - total factor productivity change

Geomean - geometric Mean

The results in table 42 show France and Be-Lux as the two countries with the
maximum total factor productivity growth. France shows a 3.6 percent average growth in
totd factor productivity, which is due to 3.6 percent growth in technicad change. The

Mediterranean countries, Italy, Greece, Spain and Portugd, exhibit the lowest total factor

13



productivity growth. Portuga has a tota factor productivity growth decline over the
period of study.

Table 4.3 shows a 2.2 percent growth in total factor productivity change over the period
1980 t01998. These reaults dso show that over the whole period there has been no
technological regresson. This means advances in technology which may be represented
by an upward shift in the production frontier. The productivity improvement has mainly
been due to technical change over the period of study. This is in contrast to the study of
Rao and Codli (1998), who report that a mgor contributing factor for productivity

growth istechnicd efficiency.

Year effch techch tfpch
1981 0.986 0.995 0.981
1982 0.979 1.182 1.157
1983 1.039 0.876 0.910
1984 1.059 1.015 1.075
1985 0.962 1.025 0.986
| 1986 0.980 1.015 0.995

1987 1.024 1.015 1.039
1988 0.983 1.011 0.994
1989 1.014 1.040 1.055
1990 1.005 1.035 1.040
1991 0.979 1.097 1.073
1992 0.963 1.027 0.989
1993 1.053 0.951 1.002

1994 0.978 1.046 1.023
1995 0.988 1.061 1.048
1996 1.022 0.983 1.004
| 1997 1.005 1.042 1.047
1998 0.989 1.008 0.997
Geomean| 1.000 1.022 1.022
Table 4.3- Annua Mean Efficiency and Productivity Changes
Notes: effch- technical Efficiency Change
techch - technical Change
tpfch- total factor productivity change
Geomean - geometric Mean

Table 4.4 provides a measure of technica efficiency change, technicd change and tota
factor productivity change by five regions The North European region condsts of

Denmark, Finland and Sweden; the Centrd European region Audria, Bd-Lux, France,
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Germany and the Netherlands, the Western European region Irdand and United
Kingdom; the South European region Portugd, Spain, Itay and Greece; and the Eagtern

European region Bulgaria, Hungary, Poland and Romania

Regions Effch Techch Tfpch
North 1.002 1.021 1.023
Central 1.002 1.022 1.024
Western 0.995 1.029 1.024
South 0.998 1.010 1.008
Eastern 1.005 1.021 1.026
Geomean 1.000 1.022 1.022

Table 4.4 - Efficiency and Productivity Changes for each Region
Notes. effch- technical Efficiency Change

techch - technical Change

tpfch- total factor productivity change

Geomean - Geometric Mean

The Eastern European region has the highest tota factor productivity growth of 2.6
percert, followed by the Centrd and Western European regions. The Eastern European
region growth is explaned manly by the technicad change growth of 2.1 percent. The
South European region, the Mediterranean, has the lowest growth rate of 0.8 percent in
total factor productivity. The South and Western European regions are the two regions
with negative growth in technica efficiency change. A surprising result is thet, over the
period 1980-1998, these results show no evidence of regiona technologica regresson.
This is in contrast to the work of Fulginiti and Perrin (1997), who report technica
regresson over the period 1960-1985. Ancther interesting result is that technica
efficency change (or "catch-up") is not a source of tota factor productivity change over

the period of study, as Rao and Coelli (1998) report it.
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Figure4.1 - Cumulative Total Factor Productivity Indices

Figure 4.1 shows cumulative total factor productivity indices over the period 1980-1998
for five different European regions. The North European region (conssing of Denmark,
Finland and Sweden) has the highest cumulative growth by 1998, followed by the Centrd
and the Western European region. The South and the Eastern European regions eman
as the bottom regions by 1998. The Eastern European region (conssting of Bulgaria,
Poland, Hungary and Romania) exhibits the greatest variaion in tota factor productivity
growth over the period 1980-1998.

Table 4.5 shows the average annud changes for groups of European countries classfied
by their technica efficiency scores in 1980. The firg group has 8 countries on the
production frontier in 1980, and posted a 2.1 percent growth in total factor productivity

dueto 2.1 percent in technica change.
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Efficient Effch Techch Tpfch

Level in 1980

[TE=1 1.000 1.021 1.021
1<TE<0.75 0.999 1.023 1.021
TE<0.75 1.003 1.021 1.023

Geomean| 1.000 1.022 1.022
Table 4.5 - Countries classified by Technical Efficiency

Notes: Effch-technical Efficiency Change

Techch - technical Change

Tpfch- total factor productivity change

Geomean - Geometric Mean

The second group, congsting of 7 countries that had an efficiency score between 0.75 and
1, posted a 2.1 percent growth in total factor productivity mainly driven by 2.3 percent

technica change. The last group of 3 countries, with a technica efficiency score less than
0.75, posted a 2.3 percent growth in totd factor productivity due to 0.3 percent in
technical efficiency and 2.1 percent growth in technicd change. These results are quite
interesting since they confirm a technologica progress in contrast to some conclusions of
the earlier sudies for the period 1961 to 1985. Another interesting feature is that there
does not exis the predominance of technica efficiency change as a source of total factor

productivity, in contrast to Rao and Codlli's findings (1998).

5 - Conclusons

This research work examines the sources of productivity growth over time, and of
productivity differences among countries and regions over the period 1980-1998. This
sudy includes fifteen European Union countries and four East European countries that
have dready applied for European Union membership. The study makes use of data
collected from the Food and Agriculture Organization of the United Nations and covers

the period 1980-1998.
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An agpproach based on Data Envelopment Andysis is used to provide information on the
peers of the (ineffident) i-th country and to derive the Mamquist productivity indices.
This approach is chosen due to the nonavalability of rdiable input price data, and it
does not assume al countries are fully efficient; it does not need to assume a behaviord
objective function such as cost minimization or revenue maximization, and it permits
tota factor productivity growth to be decomposed into technica efficiency change and
technical change.

Modd resaults indicate which countries are on the frontier technology, and examine the
growth in agriculturd productivity in European Union countries and four East European
countries such as Bulgaria, Poland, Hungary and Romania over the period 1980 to 1998.
France, Bd-Lux and Itay are on the frontier technology in the period of study. Although
Bulgaria and Hungary do not belong to the European Union, these countries are on the
frontier technology, too.

These results show an annua growth in total factor productivity of 2.2 percent, where a
magor contributing factor is technicd change. Negdive growth in efficiency change is
observed in acouple of years.

France posts the most spectacular performance, with an average annual growth of 3.6
percent in tota factor productivity over the study period. Bd-Lux and Denmark have a
smilar performance. Portuga posts atota factor productivity growth decline.

Turning to the performance of five European regions defined in this research work, the
Eastern European region (condgting of Romania, Bulgaria, Poland and Hungary) is the
mgor performer, with an annud totd factor productivity growth of 2.6 percent. The

South European region, (consgting of the Mediterranean countries such as Portugd,
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Spain, Italy and Greece) seems to be the weakest performer, with only 0.8 percent growth
in totd factor productivity.

The analyss of the question of catchrup and convergence shows that there were countries
well below the production frontier in 1980, with a 2.3 percent growth in tota factor
productivity. This is in contrast to a 2.1 percent growth for the countries that were on the
production frontier in 1980. These reaults indicate that technicad efficiency is not a source
of tota factor growth productivity. Another interesting result is that there is not a degree
of catchrup due to improved technicd efficiency dong with growth in technicd change
in European Union Countries and four Eastern European countries.

This research work has data limitations and further work in this area will be necessary.
Future work will dso include extending the study period to cover 1960-1979, to include
other inputs and to examine the robustness of the results to shifts in the base period for

the calculations of output aggregates.
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