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1. Introduction 

The aim of this article is to examine whether the resources employed in 
agriculture in a Greek region are used efficiently, and to ascertain which type or size 
of farm uses these resources the most efficiently. Such knowledge is of great impor
tance in the formation of agricultural policy, since once identified the more efficient 
farmers can be encounraged to expand and the less efficient ones given incentives to 
discontinue farming or to adopt the practices of the efficient farmers. 

The article is based on data obtained from a random sample of farmers, covering 
approximately 10.0 per cent of the farms of the region, and refered to the year 
1977/78. 

2. The Concept of Efficiency 

«Economics is in many ways a science of efficiency» [Sampath (1979)1, but the 
concept of economic efficiency is an «elusive» one in which the economist, the 
engineer, and the policy maker all have great stakes» [Lau and Yotopoulos (1971)|. 

The concept, «economic efficiency», is used at macro and micro level in two main 
ways: 

a) Synonymously with that of productivity [Lund and Hill (1979)1, and a com
mon measure of efficiency is the output per a single input, (eg. yield per cow, output 
per unit of land or labour, etc.), or, the ratio of output to the total cost; and b) As a 
ratio of the actual to some potential output, or of the proximity to some optimum 
[Domar (1962)], and therefore, the efficiency could be measured through a 

1. This article draws heavily on a part a ph. D. thesis under the title «Farm Planning and Policy in 
Greece» presented by the writer to the School of Economics, University of Leeds, UK in 1981. 
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mathematical functon, [for examples see Yotopoulos and Nugent (1976)], or through 
the formation of a linear programming model [eg. Sampath (1979)|. 
In the first case efficiency is the ratio of actual output to the output expected by an 
optimum combination of inputs, (when the marginal productivity of each factor is 
equal ο its price), while in the second case, efficiency is the ratio of actual output 
received by individuals to the output expected by a profit maximising solution. 

Other aspects related to economic efficiency are its components. 
Farrell (1957), Lau and Yotopoulos (1971), and others divide economic efficiency 
into two components, namely technical efficiency and price efficiency. Technical ef
ficiency refers to the proper choice of production function. On the other hand, price 
efficiency refers to the proper choice of input combination. 

Regardless of the definition of economic efficiency and its components a major 
interest of economics is the relative efficiency between groups of entrepreneurs or 
sectors of the economy (eg. small and large farms, agriculture and industry and so 
on.) An entrepreneur in any sector is more efficient than another, when with the 
same amount of inputs, he produces a higher output, or the same output with lower 
inputs. However, the measurement of relative efficency is a difficult task and the ex
isting methods of measurement are weak both in their assumptions and in the inclu
sion of all the components of efficiency. 

Aware of the deficiencies of the existing methods of measuring efficiency multi-
method approach is adopted for this study. 

Raising the level of efficiency is very important from the point of view both of in
dividuals and the economy as a whole. Such an increase can result in growth without 
any corresponding increase of inputs, or, in what Yotopoulos and Nugent (1976) call, 
«manna from heaven». 

The benefits from increased efficiency would be: 
1) For the economy as a whole, higher output with the same resources in a sector, 
or, the same output with less resources and consequently the freeing of resources to 
be used for other sectors. 
2) For individuals, higher returns to their resources and therefore higher incomes. 

There is, of course, an argument regarding the latter, that the increase of ef
ficency will not always mean an increase in the incomes of individuals, because the 
surplus created by greater efficiency is transferred to other sectors, especially for in
dustrialisation. On the other hand, the objective of individuals is profitability (dif
ference between output and costs), and not efficiency (ratio of output to costs) [Brit-
ton and Hill (1975)1. 

3. Methods of Measurement of the Efficiency 

There are three categories of methods used for the measurement of efficiency of 
an individual or of a group of individuals namely: 
a) Simple methods. 
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b) Mathematical functions. 
c) Linear programming. 

This article deals with the first two. More precisely, the folowing methods are 
used for measuring the relative efficiency between groups of farms: 
a) Simple methods. 
1) Indices of partial productivity 
— value added per worker 
— value added per work hour 
— value added per unit of land. 
2) Index of total productivity 

— output per 100 drachmas of inputs. 
b) Production functions for the estimation of marginal products and for testing the 
relative efficiency at the level of the geometric mean of each group of farms. 

The two types of methods are used to test the relative efficiency between: 
(a) Tobacco growing farms, and 
(b) General gropping farms 
between 
(a) General cropping farms owning machinery (large farms) 
(b) General cropping farms hiring machinery (small farms). 

4. Simple Methods of Measuring Efficiency 

a. I n d i c e s of p a r t i a l p r o d u c t i v i t y 

Partial productivity indices are the simplest measures of economic efficiency, but 
being partial, they cannot be regarded as adequate measures. According to these in
dices output is compared with one input at a time. The most common examples of 
this kind of measurement of efficiency are: 
(1) Output per unit of land. 
(2) Output per unit of labour, and 
(3) Output per unit of capital. 
[See Lau and Yotopoulos (1971), Paglin (1965, 1967)1. 

Although the indices of partial productivity are inadequate measures, the fact that 
these indices can be estimated easily, makes then very useful, especially when interest 
in policy is confined to one or two factors of production, such as: productivity of 
farm labour for social purposes, productivity of land (when there is a surplus of 
labour and no alternative employment), productivity of capital. 

b . I n d e x o f t o t a l p r o d u c t i v i t y 

The average or total index of productivity refers to the ratio of the value of total 
output to the cost of total inputs. 
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Examples of using the ratio of output to cost as a measure of efficeincy are: the 
study made by Kendrick (1961), which refers to the whole economy of the United 
States, the study by Britton and Hill (1975,1978), which refers to British agriculture, 
and many studies on Indian agriculture. 

This approach has the following disadvantages: 
i) The costs of some inputs, such as managerial effort are difficult to quantify in 
determining total input costs. 
ii) It is an empirical technique not well grounded by theory [Yotopoulos and Nugent 
(1976)|. 

However, this approach has the advantages both of making a direct comparison 
of output to cost, and there are fewer assumptions than in other methods. 

5. Tests of Efficiency Using Simple Methods. 

a. Assumptions 

Agricultural policy in most countries has as its main targets, both the improvement 
of farm incomes and the economic efficiency of agricultural production. An improve
ment in labour productivity should lead to an improvement of farm incomes. 
Therefore, the improvement of labour efficiency is a crucial factor for economic 
development and social welfare. This increase can be obtained either by the increase 
of output per unit of land or by the production of the same output with decreased 
labour. 

Bearing this in mind, the following yardsticks of economic efficiency are used: 
1) Value added per farm w o r k e r , or work hour : Value added per farm 
worker, is very important for regions without significant alternative employment to 
agriculture, while value added per work hour is of great importance for regions 
providing alternative choices of employment, besides agriculture. In the first case 
each unit of labour is solely devoted to agriculture, while in the second case, part of 
the work hours per unit can be used productively outside agriculture. 
Measurement is made under the following assumptions: 
(a) Value added is defined as the return to all factors of production (owned and 
hired). 
(b) Prices of products and inputs are at actual market prices (taking alternatively the 
cases of inluding and excluding subsidies), and 
(c) Comparisons are based on mean values of each group of farms. 
Moreover, correlations between area per farm, (regardless of type of farming in each 
region), and value added per worker and work hour are used. The correlation coef
ficients are estimated using the form: 
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where 

. 

Xi = Observations of variable χ 

yi = Observations of variable y 

η = Number of farms 

2) Value a d d e d per uni t of l and: 

The increase of value added per unit of land results in an overall increase of 

value added in agriculture and consequently in an increase of the contribution of 

agriculture to the whole economy. However, the existence of quotas (especially in 

very productive enterprises) gives a false impression about the relation of efficiency 

and area of land per farm. That is so, because in each type of farming almost all 

farmers, regardless of area farmed, enjoy the quotas provided by the governments, 

but as the area per farm increases, less productive, non-quota enterprises have to 

come intro the farm plans. 

In measuring the value added per unit of land, the same assumptions as in 

measuring value added per worker and work hour are used. 

3) R a t i o of t o t a l o u t p u t to c o s t s : 

The fact that output is the result of more than one input, (which can be sub

stituted), dictates the need for seeking a more objective method of measuring relative 

efficiency, than that of output per factor of production. Therefore, a ratio of output 

with an aggregate representing the sum of the costs of all measurable inputs is the 

most appropriate yardstick. 

In this studw, the ratio of output to total costs is used to compare the efficiency 

between different types of farming under the following assumptions: 

(a) Output is equal to produced quantities of products multiplied by the market 

prices, (both including and excluding subsidies). 

(b) Costs are equal to those for purchased inputs plus the estimated depreciation of 
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fixed inputs, plus an inputed cost for family labour and rent of owned land, plus 
a.cost of owned capital, (6-8 per cent for fixed capital, and 9 per cent for liquid 
capital, which are the actual rates of interest paid by farmers). 

(c) The cost of managerial labour is not inputed, and 
(d) All calculations are based on mean values of each group of farms. 

Moreover, correlations between area per farm and ratios of output to cost are 
used, regardless of type of farming. 

b. The results 

Table 1 has been drawn up in order to provide information about alternative sim
ple tests of relative efficiency between different types of farming and size of farms in 
each type; on the other hand, table 2 shows the correlation between area per farm 
and indices of efficiency in each region. 

Assordingly, it can be said: Tobacco growing farms, (which are labour intensive 
farms), have a better performance than general cropping farms, in the ratio of output 
to total cost, value added per worker and value added per unit of land, but they have 
a poorer performance in value added per work hour (table 1). Moreover, tobacco 
growing farms take a higher amount of subsidies per unit of land than general cropp
ing farms. Within the general cropping group, farms owning machinery, (which are at 
the top level of size) have a slightly better performance than the farms which hire 
machinery, (the difference is not significant, at the level of 0.05) using as measure of 
efficiency the ratio of output to cost. 

However, the only substantial difference in favour of large farms, (owning 
machinery), is the value added per worker. On the other hand, small farms absorb 
fewer subsidies per unit of land than the large farms. 

With reference to the correlation between the area of land per farm and the in
dices of efficiency (table 2), it can be suggested that-.the land area per farm is 
positively correlated with the indices of productivity, apart from the index of value 
added per unit of land. However, the correlation of area per farm with value added 
both per worker and work hour are very strong. 
On the other hand, the correlation between area of land and subsidies per unit of 
land is negative. 

c. The importance of increasing the relative efficiency in the 
region. 

If the gap between the efficiency of different types of farming or sizes of farms 

*General cropping farms represent 63.3% of the total number of farms and the rest are tobacco grow
ing. Their average output is 308682 drs, and the average family farm income is 177956 drs. while for 
the average farm of the region the respective figures are 325170 and 198169 drs. 
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could be bridged, it is expected that increases of national output could be obtained 
and farm incomes could be increased. 
Therefore national resources could be used more productively. For instance: 

If the index of total productivity, (output per 100 drs of cost) in general cropping 
farms increased from the existing 106 to that of tobacco growing farms (value at 
119), the output in general cropping farms would be increased by 12.3 per cent, (or 
on average by 37844 drs per farm), and family farm income by 21.3 per cent. 
Weighing this increase against the total number of farms in the region*, the total out
put will increase by 7.4 per cent, and family farm incomes by 12.1 per cent. Within 
the general cropping farms the difference in total eficiency between large and small 
farms is not significant. 

6. The Use of Production Functions in Measuring Efficiency 

a. Introduction 

This approach differs in three ways from the previous methods. 
Firstly, it indirectly relates costs to output, secondly, it measures efficiency as a ratio 
of obtained output to an optimum one, and thirdly it examines the efficiency with 
which the individual factors of prduction are used. However, this method uses some 
assumptions which are not always realistic. These are the following: (i) The inputs 
available to individual farmers are not in fixed supply. 
(ii) Production takes place under a common technology and two farms using equal 
quantities of inputs will produce equal quantities of outputs. 

Therefore, in a group of farms following the same production function, (eg. hav
ing the same fixed inputs), differences in efficiency could be attributed to: 
(i) Different degrees of control over resources, (eg. hired or owned resources), 
(ii) Market imperfection (different prices); and (iii) Different objectives (managerial 

or neutral technology). 
In measuring the relative efficiency of two groups of farms the folowing procedures 
can be adopted :-
1) F i t t i n g one p r o d u c t i o n func t ion for bo th g r o u p s of f a rms : As

suming that all farms follow a production function: 

Y = F (Xi,u) 

where Y = output 

Xi = inputs 

u= unmeasurable factors. 
If all factors of production are incorporated in a production function and the only 

unmeasurable factor, (not introduced into the production function), is managerial 
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ability .and if managerial ability is considered as a measure of efficiency, then a way 

of introducing this in a production function is by using a dummy variable. This dum

my variable (D) can take a value of one, for one group of farms and a value of zero 

for the other group of farms. 

A value of bd(coefficient of D), different from zero would suggest a difference in 

efficiency between the two groups of farms. 

Mundlak (1961), Hoch (1955), Massel (1967), and others give example of the use 

of dummy variables in the production function to quantify differences, in efficiency 

between groups. 

(2) F i t t i n g s e p a r a t e p r o d u c t i o n f u n c t i o n s for each g r o u p : Supposing 

the existence of two groups of farms: group A=i and group B=j. 

Ten, for the first group it will be: 

Yi = F(KiLi) (1) 

where Yi = output (physical units) 

Ki = input I (physical units) 

Li = input II (physical units) 

Then if Pi = price of output 

ri = price of input I 

Wi = price of input II, and 

Πi = profit 

Πi = PiYi - λ (Ki ri + Li wi) (2) 

Profit (Πj) takes its maximum value when. 

(3) 

ανδ, 

(4) 

or in other words when the marginal productivity of each variable resource is equal 

to its price and consequently, efficiency is at maximum. 
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Assuming that when allocative efficiency is at maximum, the output is equal to 
Y, then efficiency for this group can be measured as 

(5) 

or the ratio of actual output to the optimum, (that expected when the marginal 
productivity of each resource is equal to its price). 
Similarly, it could be found that for group B: 

(6) 

The ratio of Ei to Ej (equations (5) and (6), is a measure of relative efficiency 
between the two groups. The higher the E, the more efficient the group. 

b. Selection of a functional form 

Supposing there exists a production function, then the next step is to choose the ap
propriate algebraic form for it. · 

Three decision rules appear to be relevant in chosing among the numerous alter
native forms [Yotopoulos (1967)]. 
1) Logic or the mechanics of the production process 
2) Theoretical fruitfulness; and 
3) Feasibility, criteria and computational manageability. 

Taking into account the wide use of Cobb-Douglas production function in 
agricultural economic problems, its ease in handling the logarithmic transformation, 
and its economic properties, it is assumed that: 
a Cobb-Douglas function expresses the production transformation adequately. Hav
ing selected this function on a «priori» basis, then it can be improved by the ap
propriate choice of variables. 

The general form of the function is: 

Y = aXb
1 1 Xb

2 2Xbnn. u 
where Y = output 

X,, X2, Xn = inputs 
b,, b2, Bn = transformation vectors 

a = constant deriving from the solution of the equation 
u = stochastic term incorporating the effects of unknown and unexplained variables 
c. Specification of the model 

The final form of the model is linear 



Log Y = log a + b,. log X, + b2. log X2 + Bn.log Xn 

and the results are taken at the geometric mean. 

The following tests are made: 

1) The R2 indicates the extent to which the specified independent variables (X), ex

plain the variation in the dependent variable (Y). 

2) The estimated «b» s, are individually tested for significance (t test), and a joint 

significance test (F test) is applied to all coefficients. 

3). Correlations between residuals and each independent variable (X) are tested by 

the Spearman rank correlation test [Koutsoyiannis (1973)1. 

4) Durbin — Watson test is used to test for autocorrelation 

5) Tests of multicollinearity used are the: 

— Zero — order correlation matrix 

— Klein's test 

— Confluence analysis or bunch map analysis iLeser ( 1974)!. 

6) If the sample consists of several identifiable groups, then the total variation in Y is 

the sum of variation between classes and the variation within classes. In order to 

identify these differences the following procedures are used: 

(i) Computing the equation (3) by assuming common intercept and slores for all 

farms, 

(ii) Introducing Ρ — 1, dummy variables (where p= number of classes) in equation 

(3) to allow each class to have a different intercept intercept and slopes for all 

farms, so: 

log Y = log A + b,.logX, + log Xn+di.Di 

Where D= 1 for one of the ρ -1 classes and 

D = a for all the other classes 

d = estimated coefficient of each class dummy; and 

(iii) Fitting separate regressions for each class, in order to allow both intercepts and 

slopes coefficents to vary, 

d. Specification of variables 

The following variables are included in the models: 

1) Gross output (Y): Value, (in Greek drachmas) of crop and livestock products and 

by-products produced. 

2) Land A: Stremmas of irrigated land. 

3) Land B: Stremmas of non-irrigated land. 

4) Services of own machinery and equipment assuming 20 per cent depreciation rate, 

(value in Greek drachmas). 

5) Hired machinery services in drachmas. 

6) Purchases of inputs (seed, fertilisers etc.) in drachmas. 

7) Hired labour: Standard man work hours of labour casually hired for farm work 

durng the year. 

8) Used family labour: Standard man work hours of labour actually used for farm 

work during the year. 
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9) Alternative factors of management such as: 
(i) Number of years attending school by farmer, 
(ii) Age of farmer 

10) Fragmentation: Number of plots in a 100 stremmas of land. 
The last two variables are not real variables being inconsistent with the theory of 
production, but are rather factors of labour and land quality respectively, so they 
are not used in the basic equation. 

• 

7. Interpretation of the Results of Production Functions 

The solution of the models has been obtained by using the SPSS (Statistical 
Package for Social Sciences) programme for multiple regression analysis, on the com
puters of both Leeds and Manchester Universities. This programme estimates the 
coefficient of the production function using the method of least squares Nie at al 
(1975). 

The analysis is for the total number of farms, (excluding two extreme cases, so 
reducing the number from 60 to 58) and by types of farming. The existence of a high 
level of intercorrelation between capital used for purchases and capital used for 
machinery services makes necessary the aggregation of the two types of capital 
(dropping one of the two forms of capital as an alternative solution gives similar 
results). Therefore in the final function four independent variables are included 
namely: Irrigated land, non-irrigated land, labour and total capital. However, the 
variable non-irrigated land proved to be not significant (high standard errors), and for 
general cropping farms which hire machinery has a negative sign, which is inconsis
tent with the assumption of economic rationality. Examining all the combinations 
between the dependent variable and the 4 independent variables, it is found that: the 
introduction of irrigated land, labour and capital substantially raises the value of R2 

while the inclusion of non-irrigated land does not and in some cases (eg. general 
cropping farms owning machinery) the value of R2 decreases. So this variable is 
superfluous or detrimental [Leser (1974]. Taking into account this fact, and that ir
rigated land and non irrigated Ian are two non-homogeneous factors, it was decided 
to drop this variable. 

The exlusion of non-irrigated land from the equation does not significantly change 
the value of the other coefficients, consequently this regression (R2) is chosen as the 
basic regression to test the differences between groups of farms, level of fragmenta
tion and the management variables. 

The main findings from the estimation of the function are the following: 
1) The dummy variable D2 (table 3), has a negative value, significant at the level 

0.05 (at least), and the D3 a positive sign, but it is not significant. The value of D2 

suggests that general cropping farms hiring machinery, (which are the smallest 
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farms), are less efficient than the other farms. (The D2 takes value 1 for general 
cropping farms hiring machinery and zero for the other farms). 
Moreover, the fact that R2 increases substantially, (when D2 is introduced) and 
that the constant coefficient (a) changes insignificantly suggest that difference 
between general cropping farms hiring machinery and the other farms, is in the 
slopes and not in the intercepts. 

2) Fragmentation has a negative effect on the productivity of farms (regression R, 
tables 3 to 6). However, in tobacco growing farms the coefficient of the factor of 
fragmentaton (number of land plots in 100 stremmas ) is very low and the value 
of R2 remains almost unchanged, so this variable is a rather superfluous variable 
in this type of farming. 

3) The introduction of the age of the farmer or of number of years of his attendance 
at school, as measures of management, suggests that both these measures 
positively affect the productivity of farms. However, the coefficient of the age of 
the farmers is very low and insignificant, while the use of the school attendance of 
farmers as a measure of management seems to be a superfluous variable: apart 
from tobacco growing farms, where it is significant and contributes to the increase 
of R2 from 0.957 to 0.975. 

4) The correlation matrices of the variables introduced in the models (tables 7 to 9), 
suggest that there is a high level of inter-correlation between the independent 
variables. However, these inter-correlations are not high enough to create serious 
problems of multicollinearity [Yotopoulos and Nugent (1976), and Klein (1965)1. 

5) The sum of elasticities of production in the equation, which includes all the factors 
of production acceptable from the theoretical point of view (regression R, for the 
3 types of farming) suggests diminishing returns to scale for tobacco growing 
farms, constant returns to scale for general cropping farms owning machinery, 
and increasing returns to scale for general cropping farms hiring machinery. 
However, in assessing these results it must be appreciated that the sum of 
elasticities does not differ significantly from the value of 1 at the level of 0.5*. 
Therefore, the assumption of constant returns to scale for all types of farming is 
the most appropriate. 

6) The marginal analysis (table 10 — 12), suggests that: For all types of farming, 
capital is the factor with a ratio of marginal productivity to opportunity cost** 

The significance of difference is tested by 

Opportunity cost is represented by the alternative earnings of each factor of production in 
agriculture, (eg. rent, wage) or in other sectors of the economy (e.g. interest of capital) and it is es
timated at the geometric mean of those estimated for each farm of the sample. 
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higher than one, which means that the use of capital at a level higher than the 

present, is warranted, especially on labour intensive farms (eg. toacco growing 

farms). 

Tobacco growing farms seem to use land and labour very effectively, as their 

ratios of marginal productivity to opportunity cost, are nearly equal; (table 10). 

On general cropping farms, land compared with capital and labour employed, 

is misused, as in those farms which own machinery, the marginal productivity of 

land is very high (table 11), while in farms which hire machinery the marginal 

productivity is very low (table 12). Therefore, the transfer of land from the small 

farms (farms hiring machinery), to the large farms (farms owning machinery) 

would seem justified; while in small farms an increase of land must follow an in

crease of labour and capital. 

The low productivity of land on general cropping farms hiring machinery can 

be attributed to the fact that many of these farmers are part-time farmers and 

relatively old. For this type of farming, age is a negative factor of productivity 

(but at low level of significance) (table 6). 

7) For the regression used in the estimation of the marginal productivities of factors 

of production, a test of homoscedasticity (or that the variance of each error (u) is 

the same for all values of the explanatory variables) is used, the Spearman rank 

correlation test between each independent variable and 's', using the form: 

and its level of significance is estimated by the form: 

where r' = Spearman Rank Correlation 
u = residuals 

X = variable tested 
D = difference between the ranks of corresponding 

pairs of TX and residuals u 
η = number of cases 

8) The total factor efficiency is tested by the form of a ratio of the value of actual 

output to the ratios of production elasticities to opportunity costs are equal for all 
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inputs, assuming that all inputs are transofrmable and the total cost is unchanged; 

therefore: 

(1) 

where Ε = efficiency 

Ya = actual output 

Yo = optimum output 

Yo derives from the relation: 

(2) 

where b,, b2,b3 = production elasticities 

x,,x2,x3 = optimum combination of inputs 

If x,+x2+x3 = C = present cost 

Then the equation (2) can be transformed as: 

(3) 

From the equation (3) the X,, X2, and X3 can be estimated. 

Then by solving the original equation (paragraph 6c) with the optimum X,, the op

timum output is derived. 

The ratio of actual to optimum output is 0.91 for tobacco growing farms, 0.98 

for general cropping farms owning machinery and 0.84 for general cropping farms 

hiring machinery (tables 10-12). 

These ratios give thought for speculations about potentials of increasing the out

put in the region as follows: 

— For tobacco growing farms by 9.9. per cent 

— for general cropping farms owning machinery by 2.0 per cent 

— for general cropping farms hiring machinery by 19.0 per cent or an overall in

crease of output by 8.0 per cent (weighted arithmetic mean). 

This increase, which appears to be rather small, is short term assuming that the 

existing techniques of production will be unchnaged. 

8. Summary and Conclusions 

This article is devoted to the measurement of efficiency of different types of farm

ing. These are:-
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Tobacco growing farms which are labour intensive farms. 
General gropping farms, owning machinery which are also characterised by their 
high ratio of land per man (large farms) and the smaller general cropping farms hir
ing machinery. 

The use of simple methods of measuring efficiency suggests that: 
1) The farms in the region are efficient as the ratio of cutput to total costs is higher 

than 'One'. However, without subsidies this ratio falls below 'One', especially for 
small farms, but this fall does not bring the ratio of efficeincy far below the value 
of 'One'. 

2) With reference to relative efficiency between types of farming, the labour intensive 
tobacco farms are more efficient than the general cropping farms, and the larger 
farms are more efficient than the small farms. 

3) The correlations between area of land and the efficiency indices (apart from value 
added per unit of land) are positive. However, the relatively poor correlation 
between area of land and output per unit of cost, and the negative correlation 
between area of land and value added per unit of land should be noted. The last 
named is due to the distortion created by quotas, and it does not necessarily in
validate the hypothesis, that larger farms are more efficient. 

4) The hypothetical improvement in efficiency that could be obtained, if all farmers 
were at the level of the most efficient group, suggests an increase of output by 7.4 
per cent. 
The use of production functions in measuring efficiency suggests that: 

On small farms, land is misused, and for all types of farming, an increase of 
capital employed on farms is warranted. On large farms irrigated land is very 
productive . 
Fragmentation of land is a negative factor of production. 
The ratios of actual to optimum output are 0.91, 0.98 and 0.84 for tobacco grow
ing farms, general cropping farms owning machinery and general cropping farms 
hiring machinery respectively. These ratios suggest that the farms are fairly ef
ficient and that the larger farms are more efficient. 
On the other hand, the potential increase of output is 8.0 per cent. 

References 

1. BRITTON D.K. and HILL N.B. (1975): «Size and Efficiency in Farming»; Farnborough: Saxon 
House. 

2. BRITTON D.K. and HILL N.B. (1978) «Differences in Efficiency by Farm Size and Tenure: 
Findings from Farm Management Survey Data for 1969-73». 
Agricultural Economics Unit, School of Rural Economics and Related Studies, Wye College 
(University of London). 

3. DOMAR E. (1962): «On Total Productivity and All That». Journal of Political Economy. Vol. 70, 
PP. 597-608. 

4. FARRELL M.J. (1957): «The Measurement of Productive Efficiency». Journal of the Royal 
Statistical Society; Vol. 20, pp. 253-281. 



5. HOCH I. (1955): «Estimation of Production Function Parameters and Testing for Efficiency» 
Econometrica, Vol. 23, pp. 325-326. 

6. JOHNSTON J. (1972): «Econometric Methods» New York: McGraw-Hill. 
7 KENDRICK J.W. (1961): «Productivity Trends in the United States». Princeton, N.J.: Princeton 

University Press. 
8. KLEIN L.R. (1965) «Introduction to Econometrics». London: Prentice-Hall International. 
9. KOUTSOYIANNIS A. (1973): «Theory of Econometrics» London: Macmillan. 

10. LAU L.J. AND YOTOPOULOS P.A. (1971) «A Test for Relative Efficiency and Application to 
Indian Agriculture». American Economic Review, Vol. 61, pp. 94-109. 

11. LESER C.E.V. (1974) «Econometric Techniques and Problems». London: Griffin. 
12. LUND P.J. and HILL P. (1979): «Farm Size Efficiency and Economies of Size». Journal of 

Agricultural Economics, Ωολ. 30, Tpp. 145-157. 
13. MASSEL B.F. (1967): «Elimination of Management Bias from Production Functions Fitted to 

Cross Section Data: A Model and an Application to African Agriculture». Econometrica, Vol. 
35; pp. 495-508. 

14. MUNDLAK Y. (1961) «Empirical Production Function Free of Management Bias». Journal of 
Farm Economics, Vol. 43, pp. 44-56. 

15. ΝΙΕ Ν., et al (1975) «Statistical Package for the Social Sciences». New York: McGraw-Hill. 
16. PAGLIN M. (1965): «Surplus Agricultural Labour and Development-Facts and Theories» American 

Economic Review, Vol 55, pp. 815-834. 
17. PAGLIN M. (1967): «Surplus Agricultural Labour and Development-Facts and Theories-Reply». 

American Economic Review, Vol. 57, pp. 202-209. 
18. SAMPATH R.K. (1979) «Nature and Measurement of Economic Efficiency in Indian Agriculture» 

Indian Journal of Agricultural Economics, Vol. 34, pp. 18-34. 
19. YOTOPOULOS P. (1967): «Allocative Efficiency in Economic Devellpment: A Cross Section 

Analysis of Epirus Farming». Athens: Centre of Planning and Economic Research. 
20. YOTOPOULOS P. AND NUGENT J. (1976): «Economics of Development». New York et al : 

Harper and Row, Publishers. 

343 


