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SUMMARY FINDINGS, CONCLUSIONS, RECOMMENDATIONS

Scientific research, together with technological development and innovation, is a
keyissue of knowledge-based economies. Having recognized this important role, the
European Union has identified the increasing of its research budget to be one of its
most important aims. The objective of the common programming of agricultural re-
searchis to examine the extent to which society is able to answer the challenges resul-
ting from the Community-level development of renewable raw materials.

Joining in the spirit of these endeavours, the aim of our research is to analyze the
links between agricultural R&D expenditure and agricultural GDP in the EU member
states, relying on the Eurostat database. Our computations were made using cons-
tant prices of 2000. The results of our calculations can be summarized as follows:

e The C-D type functions are useful for measuring the approximate impact of the
production factors we analyzed.

e In 2000 it was the agricultural assets, and in 2007 the labour, which had a gre-
ater contribution to the agricultural GDP. This change indicates that in the meanti-
me, the labour force had acquired more technical expertise, i.e. had accumulated a
greater knowledge, and its significance as a production factor had increased.

e The share of agricultural R&D in the production of GDP was approximately 11%
in 2000 and 14% in 2007, thus the development efforts are essential from the point of
view of agricultural production.

INTRODUCTION scientific research cannot be an exception

ih

either”. The research-performance can be

“In efficiency-oriented societies, the

results of all activities are taken into ac-
count, their yields, weaknesses as to be
stated, parallel will be drawn between in-
puts and outputs, as well as between cost
and benefit and it will be examined, if it is
worth continuing the given activity. The
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measured on different levels: those of in-
dividuals, of research communities, of sci-
ence field, of country, etc. Generally, the
different measurement indicators are de-
termined on the basis of publications and
references.
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It doesn’t need any explanation that
regarding to the aspect examined by us,
the question is a special interpretati-
on of the efficiency of research activities,
which is different from the general eva-
luation made generally in the framework
of scientometry for the efficiency of those
activities.

The measurement of effects of R&D ac-
tivity and of technical development on ag-
ricultural productivity has a relatively
abundant reflection in economic literatu-
re. Now, we would like to emphasize three
characteristic examples from this rich
literature.

In 1999 Addm Térék and Raymund Petz
examined the interrelation between R&D
activity and export structure in the Hun-
garian economy. They analyzed the role
of R&D expenditure in the development

of efficiency improvement of Hungari-
an industry. As a result of their calculati-
ons made by means of production functi-
ons, they stated as follows: “The influen-
ce of R&D activity in the transformation of
export-structure is clear and evident... the
concerted shift in R&D intensity and in ex-
port orientation, as well as in export-im-
port proportions has a positive direction.”
(Torék — Petz, 1999, pp. 213-230)

In 2004 Thirtle and al. worked out new
measurement techniques. The availability
of long time-series has considerably imp-
roved the measurability of full factor effi-
ciency (TFP) in agriculture. The authors
analyzed the development of TFP in ag-
riculture of EU member-states by means
of time-series. The production function
of Thirtle and al., containing lagged ele-
ments is as follows:

LnTFP B, B Ln(K+F),+p,LnMP_+B LnCP  +B LnFS +B DUM, +¢,

where the R&D is lagged behind by “i”
years, by “j” technical patent years (MP)
and by “k” chemical patent years (CP). The
farm size isn’t taken into account, and the
DUM is a blank (dummy) variable. This
equity applies point estimations to find
those lags, which have the greatest influ-
encein the TFP, as well as to filter out those
lags, which are not significant. They stated
that the increment of TFP in the agricultu-
re of EU had been slow in the last two de-
cades, as it is clearly shown in the interna-
tional comparisons. The changes in TFP
are explicable by public and private tech-
nologies (innovations) and by returns to
scale (Thirtle et al., 2004).

In 2008 the interrelation between the
Hungarian agriculture and R&D activity
was analyzed within the favored research
program NKFP-2004/4/14, i.e. it was exa-
mined, what kind of role the technical ex-
tension and the changes in return to scale
played in the development of most impor-
tant branches of the Hungarian agricultu-
re. The computations were made by means

of Tomquist and Malmquist indices (Sztics
— Fekete, 2008, p. 205.). Methodically, the
analysis was made using different types of
production functions. The application of
such functions has a very rich Hungarian
and international literature. They are app-
lied successfully first of all for the exami-
nation of agricultural production, produc-
tion factor, average- and marginal produc-
tivities, or of the elasticity of substitution,
where success of production is influen-
ced by lot of factors. (Among the agricul-
tural appliers of these functions, the ac-
tivities of Csdki, Cs., Andrassy, A., Toth,
J., Sztics, I., Spitalszky, M., Farkasné Fe-
kete, M., Bertold, J., Akobundu, E., Bre-
imyer, H.F., Davis, G.C., Salhofer, K., Tra-
ill, W.B., Pfefferman, D., Barnard C.H. can
be mentioned.)

1. DATA BASE OF PRIMARY
EXAMINATION

In the course of our research work, we
have analyzed the interrelation between
agricultural R&D intensity and economic



development. In the calculations, we have
relied on the primary data issued by Euro-
stat for 2000 and 2008, or on information
derived from these data.?

Countries drawn into examination have
been: Belgium, Bulgaria, Czech Repub-
lic, Denmark, the Netherlands, Germany,
Estonia, Ireland, Greece, Spain, France,
Italy, Cyprus, Lithuania, Latvia, Luxem-
burg, Hungary, Malta, Austria, Poland,
Portugal, Romania, Slovenia, Slovakia,
Finland, Sweden, the United Kingdom,
Croatia, Macedonia, Turkey, Iceland, Nor-
way, Switzerland, US, Japan, Canada, al-
together 36 countries, plus the average
data. Thus, we have analyzed some count-
ries beside the EU member states in order
to be able to interpret the interrelations
with a greater accuracy, or even in order
to dispose a larger data set for the fitting
of production functions. We have worked
with the following data:

— per capita GDP, €;

— per capita R&D expenditure, €;

— agricultural GDP expenditure, milli-
on€;

— unit agricultural R&D expenditure,
thousand €/hectare;

— total R&D expenditure, million €;

— total value of fixed assets, million €;

— total staff, thousand men;

— total number of patents, pieces/thou-
sand men;

— number of biotechnological patents,
pieces/thousand men.

Some remarks on data collection: Rese-
arch and development expenditure: comp-
rise creative work undertaken on a syste-
maticbasis in order to increase the stock of
knowledge, including knowledge of man,
cultureand society and the use of this stock
of knowledge to work out new applications.
Research and development are characteri-

zed by the presence of the following fun-
damental elements: the elements of cre-
ation, the element of novelty, the adapta-
tion of scientific methods and creation of
knowledge.

Observation units of R&D survey are
the units performing R&D activities irres-
pective of their organizational form. Sec-
toring of the units are the following: go-
vernment sector, business enterprise sec-
tor, higher education sector.

Calculated staff number (Full time equi-
valent): The actual staff number conver-
ted to full-time employees, i.e. staff num-
ber weighted with the ratio of time spent
with actual research and development and
the total working hours.

R&D expenditure: the total amount of
current cost and investment, from any
kind of domestic or foreign source and ir-
respective of the fact whether the financial
source was originally assigned for resear-
ch, development or any other purposes.

R&D current costs are composed of
labor cost and other current cost excluding
the depreciation.

R&D capital expenditure is the annual
gross expenditure on fixed assets used in
R&D programs of units. The capital ex-
penditure is composed of expenditure of
land and building instruments and equip-
ment and computer software.

2. INTERRELATION BETWEEN
R&D EXPENDITURE OF THE
COUNTRIES AND GDP

In the first step the computations were
made using national-level data. First we
have drafted the following hypothesis:
There is a close correlation between the
economical developments of countries
and the intensity of scientific research: by
the increment of per capita R&D expendi-

2In data collection, Mrs. Csilla Obadovics, PhD, associate professor of St. Stephen University helped us.
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ture, the development level — measured by
the per capita GDP — will increase. It has to
be mentioned that recently a lot of comp-
laints surged concerning the GDP index,
and there are serious attempts to work out
a more exact index. The main target is to
work out a new index, which is able to take
into consideration the welfare-challenges,
the externalities originated from environ-
mental effects, etc. However, in the exa-
mined period, the GDP is the officially ac-
cepted index, and for the time being, the
statistical data and the long-term time se-
ries are based on this index.

5
We have made the following
computation:
ny(X), where

Y = percapita GDP, €

X = per capita R&+D expenditure, €

The summarizing statistics of the basic
dataused for this computation, are shownin
the Table 1. Itis to be seen from the data that
the per capita GDP in the examined count-
riesincreased by 35.1 % from 2000 to 2008.
At the same time, the increment of per capi-
ta R&D expenditure made out only 16%.

The data of summarizing statistics of GDP and R&D Tevle!
2000 2008
Per capita Per capita Per capita Per capita
GDP'p€ expeﬁi(izlre € GDP'P€ expe?\?i?ure €
Expected value 19212.5 376.0 Expected value 25966.7 436.5
Standard error 23187 63.4 Standard error 2988.3 73.8
Variance 13 116.6 358.9 Variance 16 367.6 404.2
Minimum 1700.0 6.6 Minimum 4400.0 18.2
Maximum 50200.0 1212.2 Maximum 77 200.0 1323.7
Nr. of countries 32.0 32.0 Nr. 30.0 30.0

Source: own calculations on the basis of Eurostat data.

The data of summarizing statistics
are thought-provoking, because they
show a restriction of possibilities of

technical progress. The data of rela-
tive variance also contain important
information.

2000 2008
Per capita GDP 68% 63%
Per capita R&D 95% 93%

It is to be seen from the data that the
differences both in per capita values of
GDP and in R&D expenditure are extra-
ordinarily big, and these differences have
not practically changed during the last 8
years, better to say only very narrow signs
show a certain leveling-off between the

countries.

In course of our research work, we have
applied linear, exponential and power
types of functions. The closest correlation
was obtained in case of power-function fit-
ting. By means of fitting these functions,
we examined the percentage values of mu-
tual effects between factors. We wanted to
learn that if there is 1% difference betwe-
en the R&D expenditure of two countries,



how high will be the difference in the per
capita GDP levels.

The shape of power function for 2000
and the determination coefficient will be
as follows:

$=6722-x"%
R> =0.94

It is apparent that there is a close po-
sitive correlation between the two fac-
tors. The value of correlation coefficient in
2000 was 0.9674, and that of determinati-
on coefficient was 0.9358, thus the inten-
sity of R&D influenced the per capita GDP
level by 94%. At the same time, it is also

true that a 1% increment in R&D expendi-
ture will increase the per capita GDP only

by 0.94%.
The data for 2008 show similar
tendencies.
) . 3=1302.5-x""
The obtained functionis:
R” =0.87

The main parameters of this equity in
2008 were almost identical with those of
2000, with the difference that 2008 was
rather characterized by a shift toward an
increasing differentiation. The degressi-
ve feature of increment is clearly shown by
the graphics of power function fitted to the
2000 year data (Fig.1).

Figure |
The development of per capita GDP (in €) in function of R&D
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The degressive feature shows that the
poorer a country is, the more important
is the role of research and development in
the improvement of economical situation
ofthe given country. Thereturnstoscalein
countries with per capita R&D cost above
thousand Euros seem to be random. From
the point of view of economic decision-ma-
king, the comparatively big relative error
of the regression straights cannot be neg-
lected either.

3. EFFECT OF INTENSITY OF
AGRICULTURAL RESEARCH
AND DEVELOPMENT ON
AGRICULTURAL GDP

Later we examined the importance of
R&D intensity. The formerly used func-
tion fittings were made between the per
capita agricultural GDP and the per capi-
ta R&D expenditure, or their per hecta-
re values. We wanted to learn, if — accor-
ding to our hypothesis — the interrelati-
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ons, which we could demonstrate in case
of national-level data, are valid also for
the agricultural sector. The computations
were made for 2000 and 2007 according-
ly (unfortunately, the necessary data were

not available for 2008). We could analyze
the data of 25 countriesin 2000 and those
of 28 countries in 2007.

The characteristic regression data of
per capita GDP (Y) and of per capita R&D
expenditure (x) are shown in the Table 2.

Table 2
The characteristic regression data of per capita GDP (Y)
and of per capita R&D expenditure (x)
2000 2008
Per capita Per capita Per capita Per capita
GDP, € R&D cost, € GDP, € R&D cost, €
Expected value | 1072.589 15.332 Expected value 1 262.387 20.899
Standard error 103.912 3.048 Standard error 167.780 5.254
Variance 519.561 15.240 Variance 887.809 20.804
Minimum 337.475 1.870 Minimum 367.669 2.680
Maximum 2021.310 66.834 Maximum 4991.264 137.260
Nr. of countries 25 25 Nr. of countries 28 28

Source: own computation

To the cumulative data, the following
remarks are to be made:

The per capita agricultural GDP was
EUR 1073 in 2000 and EUR 1262 accor-
dingly,i.e. there was an increment by 17.6%
during the examined eight years. At the
same time, the per capita agricultural ex-
penditure increased from the yearly EUR
15to EUR 21, i.e. by 40%.

During the same period the staff of ag-
ricultural population decreased approxi-
mately by 30%. In the light of this reduc-
tion, the increment in R&D intensity can
be considered much more moderate (ta-
king into consideration that the increment
in value of this index was partially due to
the decline in staff).

Regarding to the per capita agricultural
GDP, there are essential differences. The
minimum per capita GDP was EUR 337in
2000 and EUR 368 in 2008, while the ma-
ximum per capita GDP was EUR 2021 in
2000 and EUR 4991in 2007. It can be seen
that the extreme values, i.e. the differen-
ces, between countries increased.

The increment in differences is clearly
shown by the values of relative variances.

— Relative variance of per capita GDP in
2000 = 48%, in 2007 = 70%.

— Relative variance of per capita R&D in
2000 =99.3%, in 2007 = 129%.

Inorder to measure the effect of R&D in-
tensity, the following computations were
made:

— Quantification of the interrelation bet-
ween the agricultural R&D expenditure
per agricultural worker and the per capita
agricultural GDP; and that of

— Interrelation between per hectare
R&D expenditure and per hectare GDP.

The relation R&D expenditure per agri-
cultural worker and the per capita agricul-
tural GDP could be described in the best
way by a power function in 2000 and by a
linear function in 2007, accordingly.

The results of fitting of the power func-
tion are:

$=389.48. x"3”
R>=0.58



According to the data, this function
type shows a strong correlation. The value
of correlation coefficient is 0.75%, i.e. 1%
of increment in R&D intensity generates
0.392% increment of GDP. The value of
percentage effect is 58%. It is the degres-
sive feature of increment in domestic pro-
duction, which is specially interesting, and
worth considering. According to the value
of correlation coefficient, there is a medi-
um-strong correlation between the per ca-
pita agricultural GDP and the value of per
capita agricultural R&D. The strength of
correlation is considerably influenced by
the technical equipment of labor. The link
between the productivity of live labor and
instrumental efficiency is technical equip-
ment oflive labor, i.e. the quantity of assets
per unit live-labor input.

In case of f technical equipment

(where D is the asset utilization, and L is
the quantity of live labor), the resource
employment of production is:

the quotient of equipment and productivi-
tyindices:

D_D Q
O L L

Namely, the development is basically a
function of the output increment origina-
ting from the change in technical equip-
ment of labor. There are two factors influ-
encing the equipment level: the change in
the stock of assets necessary to the subst-
itution of unit quantity of live labor (subs-
titution process), as well as the extension
of assets’ stock (expansion process). Gene-
rally the substitution can be interpreted on
unchanged level, however the aim of pro-
ductivity-increasing assets’ investment —
beside the substitution of live labor — is to
reach a greater returns to scale. In the ag-
riculture, these processes result in the in-
crement not only of the average profit, but
also of additional income, or of the gro-
und rent, and after all in the increment of
agricultural GDP. It can be seen from the

2 where Q graphics demonstrating this interrelation
) . . . . .
that in countries with lower R&D intensi-
ty, the picture is mixed, but the more in-
The  — canbealsoexpressed as tensive research and development show a
clearer picture (Fig. 2).
Figure 2
The per capita GDP in power function of R&D expenditure in 2000
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The obtained function in 2007:
$=371.01. x4
R* =051

In 2007 1 % increment in per capita ag-
ricultural R&D expenditure brought about
0.417% increment in the per capita agricul-
tural GDP. It is also a degressive relation,
which means that there was no essential
change (step forward) in the characteris-
tics of the relation in the last eight years.

The applied indices refer, first of all, the
level of labor productivity, and it can be
interpreted also in such a way, how labor
productivity will be influenced by research
and development in the agriculture of dif-
ferent countries. It is a very important in-
dicator, becauseit is, on which the incomes
of people living from agribusiness, the inc-
rement rate of these incomes and the possi-
bility of technical development of different
sectors depend. The calculated interrelati-
ons prove that research and development
are one of the most decisive element of the
growth in agricultural economy.

Setting out the data of Hungary, the fol-
lowing statements can be made:

The per capita agricultural GDP increa-
sed from EUR 728in 2000 to EUR 1038 till
2007, i.e. by 43%. In the same period, the
per capita agricultural R&D expenditu-
re raised from EUR 5.7to EUR 10.1, i.e. by
77%. It can seem that the R&D intensity in
Hungary overpasses the average of other
examined countries. Unfortunately, this
process was provoked by the much greater
extent of decrease in the agricultural emp-
loyment. However, it is also true that “the
staff remained in the sector” has theoreti-
cally better possibilities.

The “b” parameter of increment trend
in per capita R&D is EUR 0.65. If the basic
trend doesn’t change, in 10 years the per ca-
pita agricultural R&D intensity can reach
the level of EUR 16.6 (in comparison to
2007).

On the basis of these interrelations, the
expected agricultural GDP per one agricul-
tural employee can reach EUR 1143, i.e. —
calculating with the actual exchange rate of
HUF 270/EUR — the level of HUF 308 610.

In the examination character the summarizing statistics of the features data Tebles
2000 2007
GDPper | | R&D costper GDP per | R&D cost per
hectareagr. | | hectare agr. hectareagr. | | hectareagr.
area, € area, € area, € area, €
Expected value | 246.741 20.894 Expected value 1262.387 20.899
Standard error 303.247 6.012 Standard error 442431 4.273
Variance | 174.471 23.286 Variance 2255.965 21.786
Minimum 139.759 0.615 Minimum 266.816 1.574
Maximum 4852.860 88.322 Maximum I1194.315 97.847
Nr. of countries 15 15 Nr. of countries 26 26

4. REGRESSION RELATIONS
BETWEEN THE GDP (Y) AND THE
R&D EXPENDITURE (X) PER ONE
HECTARE AGRICULTURAL AREA

In international comparison, the per-
formances of agricultural economies in
different countries can be analyzed most

frequently by means of per hectare input-
output data. The indicators of area produc-
tivity express the level of economic mana-
gement, and at the same time, the partial
indicators facilitate to analyze and explore
the structural differences (Table 3).

From the summarizing table of data it is
clearly apparent that in the average of exa-
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mined countries (in 2000 15 and in 2007
26 countries) the per hectare gross value
added was EUR 1247 in 2000, and EUR
1514 in 2007, i.e. it increased by 21.4%.
In the same two years, the per hecta-
re R&D expenditure made out 20.89 and
18.73 EUR/ha, i.e. they didn’t increased,
but slightly decreased. However, the ave-

rage data conceal the differences among
individual countries. (In most countries,
the R&D intensity increased, but in some
countries — e.g. in the Netherlands — a
drastic reduction can be observed, which
draws back also the average.)

Behind the average data, the following
extreme values occur:

2000 2007
min. max. min. max.
Per hectare agricult. GDP 139.76 4852.86 266.82 I1194.32
Per hectare agricult. R&D 0.62 88.32 1.57 97.85

These data show clearly that in the exa-
mined period the minimum and maxi-
mum values also increased.

The effect of per hectare agriculture re-
search and development expenditure on
GDP can be approached in the best way by
a linear function both in 2000 and 2007.

The summarizing regression parame-
ters of the 2000 year calculation of linear
function are as follows:

$=243.842+ 48.0x

Accordingtoourcalculations, theresearch
intensity measured by the per hectare agri-
cultural R&D expenditure has an essentially
greater effect on the development of agricul-
tural GDP, than it hasin case of per capita ex-
penditure. Between these two factors there
is a close correlation. The value of determi-
nation coefficient is 83%, thus the effect of
R&D activityis obvious. According to the “b”
parameter of linear regression straight the
increment by EUR 1in the per hectare R&D
value willincrease the amount of per hectare

2 _ . :
R =091 agricultural GDP by EUR 48 (Fig. 3).
Figure 3
The per hectare agriculture GDP in linear function of R&D expenditure in 2000
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The most characteristic values of regres-
sion equity obtained from the 2000 year
data of linear function are as follows:

The obtained function is:

$=35.06+79.0x
R* =058
It can be seen well that although the
tightness of the relation slightly decreased
during 7 years, at the same time the quan-
titative effect of R&D intensified, because
an increment by EUR 1 in the per hectare
R&D expenditure increases the per hecta-
re agricultural GDP by EUR 7.
Taking into consideration the data of
Hungary, the value of regression equity (if

x=3.45 €/ha) is 405.44 €/ha in 2000 and
482.40 €/ha in 2007, which is close to the
effective value. Fig. 4 demonstrates the
factors’ relation, which clearly shows the
character of interrelation between the two
factors.

Thereafter we have examined, that wit-
hin ten years how could the agricultu-
ral R&D in Hungary develop in itself and
in comparison to other member states of
EU, if the circumstances determining the
above relations remain unchanged.

Let’s suppose that Hungary within ten
years will undertake agricultural R&D de-
velopments with different intensities (in
comparison to the EUR 6.53/ha in 2007).

Agricultural GDP
Increment rate R&D cost €/ha

€/ha HUF/ha
1% 7.21 604.48 163 209
2% 7.96 663.72 179 207
3% 8.78 693.42 187 223
4% 9.67 798.77 215 668
5% 10.64 875.38 236 353

Calculating with exchange rate of HUF
272/EUR, in case of 5% increment in R&D
cost (on constant prices), the Hungarian
agricultural economy might double its per
hectare GDP production, i.e. it will be able
to improve the area productivity to such
extent. (It involves all the elements of re-
search and development, from soil culti-
vation till the improvement of harvesting
technology, including also the moderniza-
tion of business management and labor or-
ganization processes.)

5. THE WEIGHT OF
R&D ACTIVITY IN THE
AGRICULTURAL GDP
FORMATION

In our further research work, we intend
to quantify the participation of research
and development activity in the develop-
ment agricultural GDP.

The function of basic hypothesis is:

Yi: M, TEXm),

The data used to the calculation are as
follows:

Y1 = agricultural GDP in million €,

F =total agricultural area, thousand ha,

M = agricultural labor force, thousand

head,

T = stock of agricultural assets, million

€’

Xm = agricultural R&D expenditure,

million €.

In 2000 we found 16 countries, where
all the necessary data were at our dispo-
sal, in 2007 there were 26 such countri-
es already.

In this relation, the statistical average
values have smaller importance, since
different countries appear in the exami-
nation in 2000 and in 2007. But the ave-
rages in themselves serve with relevant
information, showing the participation
of the agricultural area, of the agricultu-
ral staff, of the assets’ stock, as well as of
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the R&D expenditure in the creation of ag-
ricultural GDP of different countries. The
knowledge of these data is important, beca-
use the possible variant of the development of
agricultural economies, the selection of pos-

sible technological variations, i.e. the support
of economical decisions depend on them.

The summarized characteristics ofthe data
used to the function computation for 2000
and 2007 are shown in the Table 4.

Table 4
The summarized characteristics of the data used to
the function computation for 2000 and 2007
Agric. GDP | Total agricult. Agricult. Agricult. assets’ Agric. B&D
2000 million € rea. 1000 h labor force cock million € expenditure
° area, ® | 1000head | STOCkMTO million €
Expected value | 8572.796 7785.709 7 139.773 1 768.602 131.887
Variance 10 737.644 9 169.789 9508.536 2421.701 172.213
Minimum 154.004 137.600 180.600 47.154 1.720
Maximum 33 349.604 35205.950 36 105.300 8153.290 656.906
Nr. of countries 16 16 16 16 16
Agricult. Total agricultural Agricult. labor Aericult. ssets’ Agricult.
2007 GDP otal agricultura force 1000 gricult. ssets R&D
. area, 1000 ha stock, million € | expenditure
million € head million €
Expected value 6950.722 7 185.964 6400.523 1 490.381 117.865
Variance 9797.546 8629.846 8858.878 2322.996 198.369
Minimum 130.750 11.680 155.500 9.114 0.771
Maximum 41 682.212 33162.190 37611.500 9913.400 866.990
Nr of countries 26 26 26 26 26

Source: own calculations on the basis of Eurostat data

Regarding these data, the following
remarks are to be made:

— In the agricultural production, the
total agricultural area and the agricultural
labor force decreased considerably (by 7.3
and 10.4% accordingly).

— The variance of agricultural R&D in-
creased significantly (the value of relati-
ve variance was 131% in 2000 and 167% in
2007).

— In the data base of 2007, relatively
more underdeveloped countries appear.

It is the reason that the minimum assets’
stock was EUR 47.2 million in 2000 and
only EUR 9.1 million, and in totality the
assets’ stock decreased. The per hecta-
re equipment level made out 227 €/ha in
2000, and 207 €/ha in 2007.

In spite of the changes in data base, it
is possible for these two years to const-
ruct the production functions and to make
the necessary calculations. In case of such
types of computations, it is important to
choose such equities, from which distribu-
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tion ratio can be obtained. Such types are
the linear, the exponential, or the Cobb-
Douglas functions. In the agriculture —
with regard to its peculiarities — general-
ly the non-linear functions can play a more
important role, since the relations have
mostly not linear character.

The parameters of the Cobb-Douglas
type function for 2000 are as follows:

The obtained function:

_)’} _ 3047 .x]0.163 .x20201 .x30 518x40 175

R*=0.97

Vo, = 48.516%

According to the total correlation coeffi-
cient, the examined factors are in positive
correlation with the agricultural GDP.

The results of Cobb-Douglas function
shows the Table 5.

Table 5
The results of Cobb-Douglas function
Regressions statistics

rvalue 0,974

r-square 0,949

corrected r-square 0,940

Standard error 0,363

Nr. of countries 26

Results of variance calculation:
df SS MS F Vo, F significance
Regression 4 51,874 12,969 98,452 2.7E-13
Remainder 21 2,766 0,132
Total 25 54,640 53,463
coefficients Stz:jj:d t-value | p-value I%v;/:a/or uggf/or
Axle section Lna 1,556 0,726 2,144 | 0,044 | 0,047 | 3,066
Total agricultural area, 1000 ha b, 0,031 0,093 0,339 | 0,738 | -0,161 | 0,224
Agric. labor force 1000 head b, 0,525 0,158 3,329 | 0,003 | 0,197 | 0,852
Agric. assets’ stock, million € b, 0,198 0,177 1,118 | 0,276 |-0,170 | 0,566
Agric. R&D expenditure, million € b, 0,210 0,150 1,399 | 0,177 |-0,102 | 0,522
A 4,741

The obtained function is:

A 0.031 0.525 0.198 _ 0210
y=4741-x," x, T -x; X,

R*=0.95

Vo,=53.463%

The tightness of relation and the fitting
error are similar to those of 2000, howe-
ver the role of some factors in the GDP cre-
ation has essentially changed.

For the sake of a better demonstration,
herewith we present development of agri-
cultural GDP, of agricultural R&D expen-
diture and of the assets’ stock in a three-
dimension graphics. The Fig. 4 clearly em-
phasizes the positive, but at the same time
degressive feature of relations and the in-

tervals of the changes.
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Figure 4
The development of agricultural GDP in function of agricultural ’
R&D expenditure and of agricultural assets’ stock in 2007
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After having made these computati-
ons, we demonstrate, how (expressed in
percentage, to which extent the different

production factors contribute to the de-
velopment of GDP in case of C-D type re-
lation (Table 6).

The contribution of the examined production factors to the agricultural GDP febled
Type of the function and the year of basic data Cofl:;l:‘-cliic;:g;%sotgpe Cozjt:]-clzic;:g;%so?'pe
Axle section*
Total agricultural area, 1000 ha 18.36 3.82
Agric. labor force 1000 head 22.39 62.76
Agric. assets’ stock, million € 48.54 19.75
Agric. R&D expenditure, million € 10.71 13.67
100.00 100.00

On the basis of these data, we make fol-
lowing statements:

e In 2000, in the creation of agricultu-
ral GDP, the assets’ stock was the most im-
portant factor, and the labor-force staff,
the available area and the R&D expendi-
ture were on the second, third and forth
places.

e In2007there was an essential rearran-
gement in the importance of factors: the
agricultural labor force played a greater
role in the creation of agricultural GDP. In
this rearrangement it can be noticed that
in the meantime the technical equipment
of (live-)labor improved considerably, i.e.
a greater knowledge accumulated in the
labor force, therefore its role increased.
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