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Abstract

Apple production sector in Albania is growing very fast in Albania but research about apple production
efficiency is almost absent. This research aims at assessing the technical efficiency and factors affecting it for
the Albanian apple farms. Data of 150 randomly selected farmers in the area of Kor¢a region are analyzed
with the Stochastic Frontier Approach. The average level of technical efficiency results 88%, with 12%
potential for improvement. The efficiency gap is about 21%. Major factors with positive effect on technical
efficiency result the access to advisory services, average plots size, number of apple plots, education and
proportion of orchards under modern technology have negative effects; age, and farmer’s experience are
not significant. Measures to support planting of apples should take into account the size of plots. There is
much space to improve extension services to farmers, so adequate policies are needed to support farmers
with training, information to improve their skills and knowledge, to ensure they are supplied with quality
inputs and technologies at reasonable prices, and policies to improve farmers access to markets.
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land law that Albania adopted and implement-
ed immediately after the fall of the communism
at the beginning of nineties of the last century.
This fragmentized agriculture land is considered

1. Introduction

1.1. Agriculture and apple production in
Albania

Agriculture is an important economic sector of
Albania, with a contribution of roughly 17% to
its GDP. Albania’s farm sector is characterized
by a large number of farms, about 350000, most
of which are small and very small; the average
size of the Albanian farms is about 13 dunums'.
Though small, Albanian farms are composed of
arelatively big number of plots or parcels, about
4 plots on the average. This is the result of the

actually the major structural obstacle to a faster
and more efficient development of the agricul-
tural sector.

Korga region is situated in East-Southern Al-
bania and it is a very important agriculture area.
It occupies about 11% of its agricultural land and
about 12% of Albanian farms operate in this re-
gion?. But its contribution to the country’s apple
production is essential, with 60-70% of national
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' 1 dunum = 0,1 hectares.
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apple production. And statistics qualify apple as
the major type of fruit in Kor¢a. In year 2016
it occupied 69% of the region total area planted
with fruit, and 83% of the fruit production’. Ko-
rea farms as well are small and very fragment-
ed, with an average size of 14 dumdums. Apple
production trends in Korea have been powerful,
as a result of new plantations and growth of pro-
ductivity. Thus, in year 2016 in comparison with
year 1995 the volume of apple production in-
creased by about 15 times and yields by 3 times.

1.2. Research problem, goal and objectives

In a context of a fast-growing apple producing
subsector, the need to know the level of its effi-
ciency, that is efficiency of farm land and other
farm resources devoted to its production, includ-
ing state support has become critical. Alongside
with this, it is also important the need to know
farm-to-farm differences in the level of efficien-
cy of resources used, to make aware policymak-
ers of the need for policy measures, local and
national initiatives and programs to improve use
of resources in the future. All these constitute the
research problem of this study.

The purpose of this study is to assess the level
technical efficiency of the apple production in
Albania, specifically Kor¢a area. Specific re-
search objectives are:

- Evaluate an aggregate level of technical effi-
ciency of the small-scale apple production sector
in the study area.

- Identify major factors or determinants that
actually govern the level of apple efficiency or
inefficiency.

- Based on research findings, indicate initia-
tives and policy measures to enhance the effi-
ciency level in apple.

1.3. Literature review

Conceptual framework

Efficiency is a key economic concept. Eco-
nomic efficiency is the ability of a firm to pro-
duce and distribute its product at lowest possi-
ble cost (Issacs and Martin, 1993). Otherwise,

3 Agricultural Statistics of Korga Region, 2016.

Graph 1 - Technical efficiency and allocative efficiency.

0 Xy

a farm is economically efficient if it is able to
produce an amount of output at minimum cost
for a given level of technology (Farrell, 1957). A
precondition for the economic efficiency is the
technical and the allocative efficiency.

Technical efficiency is the ability of a firm
(farm) to produce maximum output from a given
set of inputs, or to produce a given amount of
output with minimum inputs.

Allocative efficiency is the ability of the firm
to produce at minimum cost, or use inputs in
optimal proportions for given input prices and
technology. Graph 1 below illustrates technical
and allocative efficiency.

In this research we deal with technical effi-
ciency of apple production.

Afirm is using two inputs X, and X, to produce
a type of product. II’ is the isoquant curve, repre-
senting all points with the same amount of output
obtained by using minimum inputs. For different
points on the curve we same output but different
combination of inputs X, and X.. So if firm is on
IT it is efficient. If it uses inputs in amounts as de-
termined by point A it will be inefficient. Graph-
ically inefficiency is the segment AB. In relative
terms, inefficiency is the ratio AB/OA. This ra-
tio is less than one. Inefficiency is the proportion
by which inputs could be reduced without loss
in output. Technical efficiency is the ratio OB/
OA. Allocative efficiency is achieved at point E,
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because it is the touch point of isoquant and the
budget line L. At this point the proportion of in-
puts is optimal and the same amount of output is
produced at minimum cost. AE is the ratio OC/
OB. Economic efficiency would be the produc-
tion of TE and AE. At point E both TE and AE
and economic efficiency equal to one.

If we denote by Y the maximum amount of
production that can be produced with a given set
of inputs, and by Y we denote the factual vol-
ume of production, then the technical efficiency
could be calculated:

TE = Y/y:nax

While the technical inefficiency (TI) is the op-
posite of the technical efficiency and could be
calculated|:

TI=(Y, -Y)/Y,, =1-Y/Y, =1-TE

ax ax

More theoretical information about technical
efficiency can be found in (Debertin, 2012);
(Khan and Saeed, 2011); (Osmani and Andoni,
2017).

Empirical research

Empirical research about technical efficiency is
abundant. Most of it is focused on the assessment
of the level of technical efficiency, as well on the
identification and assessment of factors determin-
ing it for specific farm products, or the whole farm
production in general. All these factors could be
economic, socio-demographic, technological,
and environmental including weather factors.
Apart from theoretical wisdom and expectations,
for different products, and development context
of countries, even for the same product and coun-
try, empirical findings do not always converge.

Coelli and Battese studied inefficiency factors
for Indian farms and found that age, education
and farm size were important factors for technical
efficiency. They used one-stage SFA (Stochastic
Frontier Approach) technique, that is they put in
one model the production inputs and potential
inefficiency determinants or factors (Coelli and
Battese, 1996). Other authors also argue that ef-
ficiency change in farming is driven by educa-
tion, extension, the ratio of family-to-total labor,
the farm size, as well as weather variables (Dar-

lington and Shumway, 2015). Other researchers
studied the effect of a combined public-private
extension service on efficiency (Dinar et al,
2007). They used a non-neutral Stochastic Fron-
tier Approach in the Cretan agriculture and found
that combining both types of extension service,
private and public, is more efficient as compared
to no extension or only one type of extension.

Some authors used time-varying and time-in-
variant inefficiency models of production (Sim-
waka et al., 2013). In a study for farm efficiency
in South Africa the results they obtained show
that fertilizer, labor, seeds, and farmers’ age
contribute to technical efficiency. In an efficien-
cy study for Turkish agriculture using the SFA
method based on information gathered for a
sample of farm managers is found that education,
experience, credit use, participation by women
and information negatively affected technical
inefficiency; while age, family size, off-farm in-
come and farm size had a positive relationship
with inefficiency (Bozoglu and Ceyhan, 2007).

Some Indian researchers surveyed 461 farm-
ers from the district of Pulwama of Jammu &
Kashmir (India) and showed that occupation,
farm experience, household size, farm size, and
seed type were found to be important factors
of farm technical efficiency (Bhatt and Bhatt,
2014). An analysis of raspberry production in
Chile showed that age, experience and training
had a significant but negative effect on efficien-
cy. Education and extension didn’t have any ef-
fect (Jara-Rojas ef al., 2016).

Specifically for fruit production, a study on
technical efficiency of fruit production in carried
out for Afghanistan (Mohsen, 2017). For the
production function he found that land water,
fertilizers, manure, number of trees, pesticides
and other inputs. Only land and trees result sig-
nificant. For the technical efficiency he found
that age, household number, and education were
not significant, while the expertise was signifi-
cant but with negative effect on efficiency.

SFA method has been used also to evaluate
technical efficiency of grape production (Morei-
ra et al., 2011). The authors take into consider-
ation factors such as the farm size, number of
blocks and size of blocks, fertilizers, labor cost,
machinery cost, age of plantation, type of grape
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and location of the farm in the country. Labor
cost, age of plantation, size of blocks resulted
positively significant, while inputs had no effect,
type of grape and machinery cost also had a sig-
nificant and positive effect.

In a research for the assessment of technical
efficiency in fruits and vegetables (Rajendran,
2014), using SFA method found that farm size,
education and access to credit, road facilities,
labor cost, share of irrigated area and use of
fertilizers contribute positively to efficiency.
In relation with apple production in Pakistan,
(Murtaza and Thapa, 2017), found that farmers’
experience and access to training and extension
services affect positively and significantly the
apple farmers’ technical efficiency.

SFA method is used also to investigate the
technical efficiency in olive growing farm sec-
tor in Spain (Lambarraa et al., 2007). The au-
thors take into consideration land, labor, amount
of fertilizers and pesticides, irrigation, age of
farmers, price of pesticides and fertilizers, age
of olive orchards and their location, composition
of work force in terms of farm and hired work,
etc. They found that age of managers, location of
farms and workforce composition affected sig-
nificantly the level of technical efficiency.

Another interesting study has been made for
the case of olive growing in Greece (Crete) using
panel data (Tzouvelekas et al., 1997). It revealed
that olive farm efficiency is affected by farm size,
the farmer’s education, the existence of an im-
provement plan, and land fragmentation. Again
for olive production, the technical efficiency has
been studied in case of Tunisia (Kashiwagi et al.,
2012). The authors found that number of tractors,
number of farm plus hired working days, cost of
inputs, number of trees had significant effects on
the volume of production. Regarding technical ef-
ficiency model, he found that the share of irrigat-
ed trees, education and technology levels, olive
area, and the cultivars had positive effects, where-
as labor had a negative effect on production.

The efficiency of the small banana growers in
Kushtia district of Bangladesh is studied using a
translog model (Hossain et al., 2015). The authors
found that size of land used, fertilizers amount
and cost of labor as factors in the production
function and found that age and education level

of the farmers had a positive effect on technical
efficiency, while experience had negative effect.
The efficiency is studied also for non-fruit
sector and efficiency factors are similar. As an
example, in case of tomatoes growing in Paki-
stan it is found that public education and again
extension services are determinants of efficiency
of tomatoes growing (Khan and Saeed, 2011).

1.5. Research hypotheses

Review of literature revealed a number of var-
iables as potential factors to be used to assess
technical efficiency in apple production. Based
on the research goal and objectives, findings
from literature review, and the specific develop-
ment context of agriculture in Albania, we for-
mulated the following research hypotheses:

1. Farms having larger number of plots, with
larger average plots size and larger proportion
of apple farm size under modern technology, are
expected to have higher production technical ef-
ficiency, ceteris paribus. Otherwise, a positive
effect of these factors on efficiency is expected.

2. Farmers having more years of formal edu-
cation, who are older and have more years of ex-
perience in farming are expected to have higher
level of production technical efficiency, ceteris
paribus. Otherwise, a positive effect of these
factors on efficiency is expected.

3. Farmers having better access to quali-
ty farm advisory services are expected to have
higher level of technical efficiency. ceteris pari-
bus. Otherwise, a positive effect of these factors
on efficiency is expected.

2. Data and methods

2.1. Data

In Albania there doesn’t exist any system of
farm data records, such as FADN data system that
exists in EU countries. Thus, to collect data we
used a special survey. An accidental sampling of
150 apple producer farmers in Korga district was
carried out and a questionnaire was completed for
each farmer (excluding those who refused to be
interviewed or missing at the time of interview-
ing) through face-to-face interviewing.
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Table 1 - Variables and their measurement scale.

. Measurement Measurement . Measurement | Measurement
Variables . Variables .
scale unit scale unit
Proportion of area
Production Ratio Ton under modern Ratio %
technology
. . Kilograms of Number . Number of
Fertilizers Ratio fertilizers used of farm plots Ratio plots
Apple area Ratio Plant.ed Experience Ratio Number of
area in dunums years
Irrigations Ratio Times of irrigation | Extension quality | Nominal h?;}/; Average,
Spraying Ratio Times of spraying | Average plots size | Ratio Dunums
Education Nominal L(.)W’ Medium,
High
Age Ratio Years

A key point in using SFA method for produc-
tion efficiency assessment is the determination of
factors to be included in the production model.
In this context, all potential production factors
can be divided into two categories: production
inputs and efficiency factors. Based on theoret-
ical wisdom and empirical evidence (Kambo et
al., 2018), major inputs for apple production are
farmland size planted with apple, use of ferti-
lizers, insecticides and pesticides, and water for
irrigation. In our research we use amount of com-
plex fertilizers as a representative variable for
use of fertilizers as practice has shown that farm-
ers use commonly this type of fertilizer; times of
spraying as a proxy variable for the amount of
pesticides and insecticides used; times of irriga-
tions as a proxy for the amount of water used.
In relation with the second category of variables,
we collected data on farmers’ age and education,
farming experience in years; to represent the
level of technology used we used as a proxy the
proportion of the apple area under modern tech-
nology; number of plots planted with apple and
average size of plots are also potential efficiency
variables. As empirical research shows, access to
and quality of advisory services used by farmers
is also important for the production efficiency. To
take account of this we gathered data on access
and quality of the advisory services (extension)
as perceived by farmers. Table 1 below presents
the variables taken into consideration as potential
factors of apple production and efficiency.

2.2. Method

In our research we used SFA (Stochastic Fron-
tier Approach) method. The key point in SFA is
that the residual term in a production economet-
ric model is not just a stochastic error term, but
it is composed of two components, inefficiency
component, and the error component. So, its ba-
sic assumption is that all firms are not equally ef-
ficient, that’s why even if they may use the same
amounts of resources their output may be not the
same. Based on this, the econometric model ac-
cording to SFA would be:

Y=f(X B)+v—u

Here X is a vector of independent variables,
factors or inputs. B is a set of parameters to be
estimated. Unlike the standard regression model
SFA assumes that here the error term e is com-
posed of two parts, of an error part (v) and inef-
ficiency part (u):

v-u=e

Here the component u is >0), while f(X, B)+e
is called Stochastic Frontier, (SF). Using simple
algebra, we get u=Y-SF, thus inefficiency means
less production for given inputs, so production
for each individual farm is under the frontier.
To calculate efficiency or inefficiency score for
each farm, first we have to calculate inefficien-
cy term u. This could be indirectly calculated
supposing different shapes of distributions for
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u. One of usually used forms is that of half-nor-
mal distribution (exponential shape is another).
Under this assumption:

v~N(0,07), u~ N(0,0,)

The conditional distribution of u given e is
u~N (u,,0,), truncated at zero. Inefficiency term
u (its expected value could be calculated using
the so-called the Jondrow formula:

0 = SO [M_W}
L8 1-p(w)

Where:

w,=ei5/sszﬂ/sj+535:%

Here ¢ is the density and ¢ is the cumulative
distribution function for standard normal distri-
bution. S and S are the standard deviations for
the term u and v, respectively. Then, technical
production efficiency TE for each farm would be:

TE =exp(-u,)

Technical efficiency TE for the each cross-sec-
tion (farm) could be calculated alternatively di-
rectly by the formula:

2
TE =| o] s, |/ @] X | [rexp| 2 -,
S. s, 2

Where:
S SIS

52:Sj+sfw=—esz 5

Technical efficiency for the sample is:

S2
TE=2(D(—Su)*exp( 2“ j

Here @ is the cumulative standard normal dis-
tribution function.

One important aspect of the SFA is the sto-
chastic frontier f{X, B). In the case of production
technical efficiency this model is a production
function. This function or a model that can take
different forms. Two of most used forms are the
conventional Cobb-Douglas and the translog

models. The conventional model with k factors
X has the following form:

— 4G Yy h A
Y =a, X" X", X

Usually the logarithmic form of the above
model is used:

K
In(Y)=c,+ > a,InX,

k=1

The translog model includes as independent
variables also the square of each factor and com-
binations (arithmetic production) of any pair of
factors. It has the form:

K K K
In(Y)=c,+Y a,In X, +05) > 2, InX, InX,
k=1

k=1 I=1

The conventional model is easier to estimate
and interpret. Also fewer parameters are esti-
mated (k+3). But it assumes that all farms have
the same production elasticity for a given input
(@) and they have constant (equal to 1) substitu-
tion elasticities. Sum of the coefficients gives the
so-called scale elasticity. On the other hand, the
translog model is a generalization of the conven-
tional model and it is a more flexible form of the
production function. This form allows to calculate
farm-specific production and scale elasticities.

There are two approaches in assessing techni-
cal efficiency scores and its determinants, using
any of the two models. One approach is to first
estimate the production model (conventional or
translog as above). Then based on the estimated
models the technical efficiency scores are calcu-
lated and then a model of TE against its potential
factors (with M efficiency factors Z) is estimated:

m m

M
TE=by+Y b,Z
m=1
The first model helps to calculate the TE scores
and the last one helps to assess the efficiency fac-
tors. One major critic to this approach is that by
not including the efficiency factors in the same
model with production inputs, the estimated coef-
ficients of the production model are biased.
Another approach is to include in the same
model both production inputs and efficiency fac-
tors, estimating so only one model.
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K K K M
In(Y)=a,+Y a,In X, +05) > 4, nX, InX,+> b,Z,
k=1

k=1 I=1 m=1

This model helps to calculate TE scores and at
the same time to assess efficiency factors. This way
of model building is assumed to yield unbiased
model parameters (Coelli ez al., 2005). Because of
this, the one-stage estimation is preferred. Howev-
er, in our research we use both conventional and
translog models and analyse them to propose the
most adequate model for our research case.

To perform model estimation, we used GRETL
econometric package, (See GRETL User Guide,
2012). More technical and theoretical informa-
tion about TE and models of TE the reader can
find in Jondrow ef al., 1982; Aigner et al., 1977,
Coelli and Battese, 1996; Coelli, 1995; Coelli et
al., 2005; Gujarati, 2003; Osmani, 2017.

3. Results

At the beginning we present some summary
statistics for the ratio scale variables only as in
Table 2.

As Table 2 indicates, the average farm size is
small of 12.87 dunums; the apple farm in Korga
is composed of 3-4 plots with an average of 4.3
dunums per plot. But we can easily identify a
large variance of the apple land per farm (up to
maximum 45 dunums), number of plots (up to 9)
and size of plot (up to 10 dunums). Also, we can
see that some farmers are very old (up to 70 years

Table 2 - Summary Statistics for selected variables.

old) and some farms do not use at all fertilizers.
Some farms do a lot of spraying (up to 24 times).
The variable with the largest variance seem to be
the share of modern-type orchard (up to 100%).

The first approach of estimating the technical
efficiency is to estimate the production model
with all potential production factors, using the
conventional Cobb-Douglass function. Based on
this model we estimate the technical efficiency
TE scores for each farm. At the end, taking TE as
dependent variable and efficiency factors as in-
dependent variables we estimate the TE model.

Based on (Kambo et al., 2018a) the conven-
tional model describing relationship between
production and its major inputs all in log form is
shown in Table 3.

In their paper (Kambo et al., 2018a) based on
the same data set showed that farm labor, result-
ed insignificant and has not been included in the
model. We argue that under the Albanian condi-
tions, where small farms predominate and work-
force is abundant and underemployed, this result
was also expected. Machine use as a proxy for
the amount of farm capital also resulted insignif-
icant. This result was expected; almost all apple
farms use in an almost standard way irrigation
and spraying pumps.

The regression coefficients are production
elasticities. Thus, if apple area is increased by
1%, production is expected to increase by 0.55%,
fertilizers’ use, irrigation and spraying remaining
unchanged. If fertilizers use is increased by 1%,

Variable Mean | Median | Minimum | Maximum | Std. Dev. Cy Skewness ralrfge
Production 4339 | 40.00 8.42 132.65 2400 |0,5531 | 1,0798 | 27.74
Experience 11.40 | 10.00 2.000 20.00 4246 | 03724 | 02857 | 6.500
Apple area 12.87 | 11.00 3.000 45.00 7.059 | 0.5484 | 1.7539 | 8.000
Age 4773 | 48.00 25.00 70.00 10.95 | 02294 | -0.1318 | 18.00
Plots 3479 | 3.000 1.000 9.000 1.828 | 0.5256 | 0.4698 | 3.000
Fertilizers 950.6 | 900.0 0.000 2800. 554.1 | 0.5829 | 0.3985 | 10000
Irrigations 4591 | 4.000 2.000 8.000 1.043 | 02273 | 04379 | 1.000
Spraying 17.76 | 18.00 7.000 24.00 3732 | 02101 | -0.7877 | 5.000
Average plots size 4269 | 4250 | 0.8750 10.00 2.150 | 0.5036 | 0.3866 | 3.500
E;gg:rr;“’n ofmodern | 4o 56 | 5419 | 0.0000 100.0 41487 | 0.8422 | -0.0417 | 100.0
Extension 1,52 | 1,00 1,00 4,00 0,629 | 04141 | 1,0437 | 1,000
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Table 3 - OLS, Dependent variable: Log Production,
R?=0.639, P(F)=1,66¢-18.

ters of both models are similar in magnitude, but
this is not to say that always it happens like this.

Coeficient Std. o ’ Now, using the Jondrow formula, as indicat-
O ppror | T | PTYORE ed by the methodology of SFA, we estimated
Const 6,08992 | 0,526293 | 11,57 | <0,0001 | *** | technical efficiency sores (TE) for each farm.
Log 0.550568 | 0101617 | 5418 | <0.0001 | *+* Descrlptlve statistics for the TE variable are pre-
(Size) sented in Table 5.
Ii:OgIﬂ. 0,194403 | 0,0865598 | 2,246 | 0,0272 | **
(Fertilizers) Table 5 - Efficiency descriptive statistics for the
oz 1 0380385 | 0191841 | 1983 | 00505 | * | Cobb-Douglass model.
(Irrigation)
Log Average Median Minimum | Maximum
(Spraying) | 437232 | 0164868 | 2,652 | 0,0095 | == 0,87759 | 0,88860 | 0,73875 | 0,95240
Standard | Coeff. of 5% 95%
L . o deviation | variation | Percentile | Percentile
production is expected to increase by 0.19%,
apple size, irrigation and spraying remaining 0,042117 | 0047992 | 0,78713 0,92658

unchanged; if spraying number is increased
by 1%, production is expected to increase by
0.44%, fertilizers’ use, irrigation and apple size
remaining unchanged; if irrigation is improved
by 1%, then production is expected to increase
by 0.38%, apple size, fertilizing and spraying re-
maining unchanged. Antilogarithm of the model
constant results about 441 kg, which formally is
the apple productivity of a farm using just one
dunum of land, one kilogram of fertilizers and
implementing just one spraying.

Using the above regression coefficients as
starting values for the Maximum Likelihood ef-
ficiency model estimation, we obtained the TE
efficiency model as shown in Table 4.

If we compare estimation shown in Table 5 with
results shown in Table 4 we can see that parame-

Table 4 - ML estimation of the TE apple production
model, Dependent variable Log (Production).

. Std.

Coefficients Error t-value | P-value
Const 5811190 | 0,590042 | 9,85 | <0,0001 | **+
Log 0,556081 | 0,098236 | 5,66 | <0,0001 | ***
(Size)
Log ok
(Folizersy | 024991 [00843211 243 | 0,151
Log 0391642 | 0,174100 | 225 | 0,0245 | *
(Irrigation)
Log 0413297 0206239 | 2,00 | 0,0451 | ***
(Spraying)
Su 0308018 | 0,156818 | 196 | 0,0049 | **
Sv 0281065 | 0,072126 | 390 | <0,0001 | ***

The average technical efficiency score results
0.88. This result means that on the average, the
apple farms could produce (1-0.88),100=12%
more apple with the same amount of resources
they have already used. The best farm has an effi-
ciency score of 0.95 with a potential of 5% more
production and the lowest efficiency score is 0.74,
with a potential for 26% more production with
the same amount of resources the corresponding
farms used. The coefficient of variation of TE is
4.7%, while and the median is 0.89 meaning that
half of farms have an efficiency score higher than
88%. The coefficient of variation of 4,7% shows
that there isn’t too much variation in TE between
farms, though the standard deviation of the inef-
ficiency term (S ) shows that differences in TE
between farms are significant.

Based on these results, the efficiency of apple
production in the Korga district of Albania is
good, if not very good. This result was expected,
because the apple production in this area is among
most developed, farmers are committed to, and
the apple in this area is the main source of income
for a large number of farmers. However, as other
studies show (Kambo et al., 2018b) about 15%
of the apple production is thrown away, because
non-sold or rotten. If we subtract this figure from
the average efficiency score of 88%, the results
of 73% would be the real efficiency score, which
of course is the real average score for the apple
in the study area. This is of course an alarming
situation, because farm resources such as land,
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fertilizers, farm labor etc., seem to be used very
inefficiently. This calls for immediate measures
to ensure all apple production is sold.

The second modeling option we applied is the
translog model, using again apple size, use of fer-
tilizers, irrigation and spraying are the major in-
puts determining apple production volume and the
same inefficiency factors. In the translog model
we included except for the four above mentioned
production inputs their squares all their pair com-
binations, as well as the hypothetical efficiency
factors. Using OLS estimates (not shown here)
as starting values for MLE model estimation, the
translog model results as shown in the Table 6.

We can see that none of the production inputs
results significant, and in some cases their ef-
fect is negative (fertilizers, irrigation, spraying)
meaning a negative effect on the production
volume. Only in the case of apple farm size the
effect is positive and highly elastic. Squares of

inputs and their combination (synergy) result
almost insignificant (only the combination of
irrigation and fertilizers results significant, but
negative). All hypothetical efficiency factors re-
sults insignificant as well.

Using results of this model we calculated the
composite error term (v-u) then based on Jond-
row formula we calculated the technical effi-
ciency for each farm. The average TE score for
the ensemble of the farm sample and other de-
scriptive statistics are as shown in Table 7.

The aggregate TE level resulted 0.9. This
means that an improvement in TE of 10% is
possible with the same quantity of inputs already
used. The minimum (worst) TE level is 0,73 or
73%, while the best is 0,97 or 97%. The median
level of TE is 91%. The coefficient of variation
4,3% shows that there isn’t too much variation
in TE between farms, though the standard de-
viation of the inefficiency term (S) shows that

Table 6 - ML estimation of the TE apple production for the translog model, (Dependent variable Log (Production).

Coefficient Std. Error Z P-value
Const 16,5045 9,91236 1,665 0,0959 *
X =Size 2,85730 2,51160 1,138 0,2553
X2=Fertilizers —2,23526 1,54569 —1,446 0,1481
X, =Irrigation —4,02015 6,34396 -0,6337 0,5263
X, =Spraying —-0,856948 5,53032 -0,1550 0,8769
X2 -0,236991 0,523689 —-0,4525 0,6509
X2 0,0374807 0,412229 0,09092 0,9276
X2 —2,52689 1,81870 -1,389 0,1647
X2 1,27248 1,34655 0,9450 0,3447
X *X, 0,225140 0,818929 0,2749 0,7834
X *X, —-1,65073 1,48997 -1,108 0,2679
X *X, —-0,969304 2,48836 -0,3895 0,6969
X*X, 3,14705 1,64621 1,912 0,0559 *
X,*X, —0,258232 1,85346 -0,1393 0,8892
X, *X, —0,514847 3,45237 —-0,1491 0,8815
Z =Education —-0,0305089 0,0813889 -0,3749 0,7078
Z,=Age —0,00218838 0,00494536 —0,4425 0,6581
Z =Experience —-0,00810704 0,0110029 —-0,7368 0,4612
Z =Extension 0,119152 0,0730178 1,632 0,1027
Z =Number of plots 0,0735293 0,0494278 1,488 0,1369
Z,~Modern cultivation —0,000972461 0,00136543 -0,7122 0,4763
7 =Average plot —0,00664314 0,0559246 —-0,1188 0,9054
S, 0,281203 0,108092 2,602 0,0093 ok
S, 0,210413 0,0618813 3,400 0,0007 Ak
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Table 7 - Efficiency descriptive statistics for the
translog model.

Average Median Minimum | Maximum
0,90396 0,91243 0,72727 0,96711
Standard | Coeff. of 5% 95%
deviation | variation | Percentile | Percentile
0,038834 | 0,042960 0,82345 0,95118

Table 8 - Model of technical efficiency determinants
R?=0.33, P (F) <0.00002, Sig.=5%.

Coefficient | p-value
Constant 0.83182500 | <0.00001 | ***
Age 4.7442e-06 | 0.98902
Experience -0.00091588 | 0.33249
Extension 0.00973513 | 0.01281 | **
Average plot 0.00399399 | 0.08167 *
Proportion of area ok
under modern
cultivation -0.00023873 | 0.00100
Education -0.00948713 | 0.09302 *
Number of plots 0.01095570 | 0.00002 | ***

differences in TE between farms are significant.
The following table 6 shows other descriptive
statistics for TE based for the translog model.

As an alternative, to identify and test the ef-
fects of apple production efficiency/inefficien-
cy factors we use the conventional model. The
estimated model of the technical efficiency is
shown in Table 8.

If we take a significance level of 10%, the age
and experience result insignificant; extension,
average plot and number of plots results signif-
icant with positive effect on TE. Education and
share of modern orchard result significant, but
with negative effects on efficiency. As indicated
by the coefficient of determination equal to 33%,
a lot of efficiency variance is under control of
other uncontrolled variables except for the ones
included in the model.

4. Discussion

In our research we used two alternative mod-
els to assess the technical efficiency and identi-
fy factors of apple production efficiency. For the
translog model we could identify two important
problems: first, none of the inputs results signif-

icant; this is a misleading result, because we al-
ready know that four inputs have powerful pos-
itive and significant effect on apple production
(Kambo et al., 2018a). Second, none of the ef-
ficiency factors is significant. This might be true
but it might be also not true, as we know it is not
true in the case of four inputs. In fact, when we
regress efficiency factors individually on produc-
tion some of them results significant (extension,
number of plots and average plot). Furthermore
all squared inputs and their combinations result-
ed insignificant. Technically, the reason for these
results might be two: micronumerosity (few data
compared to a large number of parameters to be
estimated), and inclusion of irrelevant variables
in their model. Our sample is small, and we have
24 parameters in our translog model. As Gujarati
argues, micronumerosity has similar consequenc-
es with multicollinearity between the variables in
the right-hand side of the model (Gujarati, 2003).
We calculated the Variance Inflation Factors and
found large values for them, indicating high de-
gree of multicollinearity in the model).
Multicollinearity has two major effects. First,
it inflates the standard errors of the model pa-
rameters, thus reducing the t-ratios and leading
so to the non-rejection of the zero hypotheses
(non-significance of parameters). Second, multi-
collinearity can alter the signs of the parameters
from positive to negative and vice-versa, as it
happened in our case with three inputs. The most
common ways of dealing with multicollinenari-
ty are dropping collinear variables or increasing
the sample size. Inclusion of irrelevant variables
in the model leads also to inefficient estimates
(larger standard errors) for the model parame-
ters (Gujarati, 2003). Because of inefficient esti-
mates, some parameters may result insignificant.
Because of this, all insignificant factors or com-
binations could be excluded from the model,
what does nothing but leads to the rejection of
the translog model and acceptation of the con-
ventional model.. However, the translog model
could be used to assess the aggregate level of
efficiency, but we have shown that both models
yield almost the same estimates of the TE level.
Because of these results and as we tried to ex-
plain, we prefer the conventional model instead
of the translog one, which also helps to estimate
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both the technical efficiency level and the role of
efficiency factors, at least for the case in hand.

The number of apple plots in the Albanian
small apple farms has a positive effect on pro-
duction technical efficiency. This is in line also
with findings from empirical literature (Moreira
et al., 2011). The reason behind that might be
that farms with more plots are more effective in
avoiding environmental risks by producing in
different places with different micro environ-
ment and, and they can reduce production risks
also by planting different cultivars and applying
different technologies in different plots. Howev-
er this needs to be tested in another study.

The average plots size also has a positive effect
on technical efficiency. This also seems to be in
line with findings of literature (Coelli and Battese,
1996; Bozoglu and Ceyhan, 2007; Moreira et al.,
2011; Rajendran, 2014). Economically, larger
farm plots may allow more effective use of ma-
chinery, water for irrigation and other inputs that
may lead to higher efficiency, but dealing with
this is beyond the aim of our research.

Farmers with larger proportions of apple cul-
tivated under modern technology have lower
technical efficiency. By modern technology one
could mean better apple cultivars, new technol-
ogy of spraying and irrigation, etc. We didn’t
find in the literature research dealing specifical-
ly with this efficiency factor. We only can argue
that the reason why the effect of this factor re-
sulted negative might be lack or deficiency in
other complementary inputs and services, such
as fertilizers and extension in farms with high
proportion of the factor.

Education seems to have a negative effect on
technical efficiency. Empirical research in most
cases shows a positive effect of education on
technical efficiency (Coelli and Battese, 1996;
Tzouvelekas et al., 1997; Rajendran, 2014; Hos-
sain et al., 2015). In some cases education has
been shown to have negative effect (Bozoglu
and Ceyhan, 2007). In some other cases the ef-
fect is even neutral (Mohsen, 2017; Jara-Rojas
et al., 2016). We argue that it is important the
nature of education we talk about. In fact, when
we talk about education, we have in mind for-
mal or general education of farmers, not agri-
cultural education. In this context it is not sur-
prising a negative or neutral effect of education

in the small apple sector in Albania; agricultural
knowledge and skills would be more important
than formal education.

Influence of age and experience on technical
efficiency is not significant, otherwise it seem
to be neutral in terms of effect. Findings in em-
pirical literature support positive effect of age
(Coelli and Battese, 1996; Lambarraa et al.,
2007; Murtaza and Thapa, 2017), as well neg-
ative in some cases (Jara-Rojas et al., 2016); or
even neutral (Mohsen, 2017). In relation with
experience, the literature supports a positive
effect but in some cases also a negative effect
(Hossain et al., 2015).

Role of advisory services result positive, thus
the third hypothesis is fully supported by evi-
dence. This is in line with the bulk of empirical
research (Khan and Saeed, 2011; Murtaza and
Thapa, 2017; Dinar et al., 2007), but also neu-
tral in some cases such as in (Jara-Rojas et al.,
2016). However, there is much more to improve
in advisory services for the Albanian apple sec-
tor. As shown in Table 2, the actual average sore
for the access to and quality of advisory is only
1,52 (the maximum being 4).

Discussion with farmers and agricultural spe-
cialists reveal a number of important efficien-
cy-related issues. For example some inputs mis-
management and ineffective implementation of
apple growing techniques and technologies may
exist, because of possible farmers’ limited man-
agement capacity, insufficient technical knowl-
edge and skills. As an example, the moment of
spraying is critical for its effect on apple, but
not all farmers could be able to identify it if not
enough supported by advisory services or not
well equipped with necessary knowledge and
skills. Or, as experts of the field affirm, optimal
combination of fertilizers’ use with spraying is
very critical in terms of apple productivity. Do-
ing the right thing in the right moment and in the
right way is extremely important to derive the
maximum output from the amount of inputs used.
Quality of inputs, as farmers frequently complain,
may also be responsible for low effects of ferti-
lizers and spraying on productivity and also effi-
ciency. Uncontrollable factors, such as intensive
rains and temperature fluctuations, as experts say,
sometimes are difficult to control and may some-
times have tremendous negative effects.
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Limitations of the study

This research provides only a general assess-
ment of the aggregate level of technical efficien-
cy in apple production in Korca area and some
of its determinants. It’s not representative for all
apple farming sector in Albania because other
apple producing regions are not included. Be-
cause of the model used (Cobb-Douglass con-
ventional model) this research doesn’t provide
results on farm-specific production and substi-
tution elasticities, what would be more helpful
and indicative for policy intervention. Because
of limited sample size, use of more efficient
methods such as translog model was impossible
and certain possible efficiency factors result in-
significant. Larger sample could provide more
efficient results and identify other determinants
of apple production efficiency.

Though our focus was in some microeconom-
ic and socio-demographic factors, other factors
than those studied in this research may have an
influence, as literature reveals, on apple techni-
cal efficiency. This could be the scope of another
research.

5. Conclusions

Apple production in Albania is growing very
fast, as it is having direct support from govern-
ment and the country has good soil and climate
conditions. But studies about technical efficien-
cy are almost absent. The aim of this study is
the assessment of an aggregate level of technical
efficiency and its determinants in the apple farm
sector of Albania. Data of for a sample of 150
apple farmers were collected and the Stochastic
Frontier Approach was used. The general lev-
el of technical efficiency in apple production is
estimated at 88%. This level can be considered
relatively high. This means that with the actual
state of technology, amount of land and other in-
puts used there is space for 12% more production.
However, bearing in mind that about 12%, of the
produced output is thrown away, because remains
unsold or rotten, the general level of efficiency re-
duces to 76%, which is an average level however.

The efficiency farm-to-farm score range is
about 21%, which means that for specific farms
there is enough place for efficiency improve-

ment. The median of efficiency is about 8§9%,
meaning that half of the farm population is oper-
ating below the level of §9%.

Major determinants of technical efficiency is
the access to and quality of the advisory servic-
es (extension). This results highlights the need to
strengthen the system of service provision to farm-
ers and use a bi-partisan public-private system, as
suggested also by literature (Dinar ef al., 2007).

Some socio-demographic factors, such as age
and experience are not determinants of efficien-
cy, which sometimes is in line with experience
elsewhere in the world as empirical research
shows (Jara-Rojas et al., 2016).

Education resulted a significant factor, but
with negative effect. In relation to education, we
argue that this result is quite possible, as far as
with education as a factor here we understand
the formal education of farmers (low, medium,
university). In the apple farming, as it seems.
what is needed more is not formal education,
but apple-related knowledge as an ensemble of
apple cultivation-related knowledge and skills.

Farmers’ apple-related experience has resulted
insignificant factor, maybe because, as statistics
show (see in Table 2 the coefficient of variation
4.2%) farmers’ population is enough homoge-
nous in terms of experience and a few years of
experience may not make much difference in
terms of efficiency. Age also did not prove to be
a significant factor, because age correlates with
experience and we argue that it could but be ef-
fective but mainly through experience.

Extension as a soft knowledge proved to be
very significant as a factor of efficiency, as ex-
pected and confirmed also by the relevant liter-
ature. But as results show, there is much to im-
prove in relation with the access to and quality
of extension.

The number of apple plots and average plots
size have positive effect on technical efficiency.
By planting apple in different locations, farmers
can reduce production risk (pests, irrigation, or
weather related), compared to the case where all
apple is planted in one location. And larger aver-
age plot seemingly creates better possibilities for
better use of farm inputs, thus higher efficiency.

Proportion of area under modern cultivation
results negatively related with the level of tech-
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nical efficiency, thus traditional orchards seem
to be more efficient. This result is so maybe
because modern orchard needs more skills and
technical knowledge compared to traditional
ones, and maybe farmers of modern orchard are
not able need more technical support to manage
a modern orchard.

Policy implications

Apart from improving productivity, use of in-
tensive spraying could have negative externali-
ties, such as soil, air and water pollution. Keep-
ing environment clean and safe is as important
as reaching high levels of efficiency. Therefore,
supporting farmers with subsidies for the appli-
cation of new technology to protect apple from
insects, birds and atmospheric agents might be
helpful in reducing spraying, and improving the
quality of produce, while enhancing productivi-
ty and efficiency.

Adequate and regular training programs for
apple farmers, and empowering public advisory
services, are critical to increasing farmers’ man-
agement capacity and their technical knowledge
and practical skills, for the application of new
technologies, fertilizers and spraying in particu-
lar, but not only. Training and advice could be
specific according age group, education level
or farm size, as well as and region specific, to
achieve desired results. This would ensure high-
er level of efficiency with lower input base.

Measures to improve apple-related technical
and market information is crucial to help farm-
ers to make good decisions about apple cultivars
and technologies, as well markets to buy quality
inputs and sell their produce. These could have
an impact also on efficiency by producing more
with same resources.

Government financial support should be giv-
en by priority to projects involving larger land
plots, since these are more efficient than the
smaller ones.

Scope for further research

Specific case-studies and brainstorming ses-
sions with farmers and subject matter experts
are needed to in-depth analyze best and worst

farms in terms of efficiency, and reveal exist-
ing problems, as well as knowledge and skills
gaps to better use resources that farmers dedi-
cate to apple production. In particular farmers
with modern orchard may have particular needs
to better manage their orchards and make them
more efficient. However a special study of the
situation should be undertaken for the apple
modern orchard to discover whether and why
this orchards seems to be, ceteris paribus, less
efficient than the traditional orchard.

This research having a pilot character, a more
comprehensive analysis of efficiency of apple
farm production in Albania is needed. This need
is in both terms of wider regional coverage (other
apple producing areas of Albania are not included
in the research at hand) and size of sample. This
could contribute to more representative coun-
try-level results, and larger set of indicators (such
as farm-specific elasticity, or farm-specific scale
elasticity, regional differences in technical effi-
ciency, etc.).

Other possible efficiency factors exist and
should also be identified and tested in the future.
This would help to have a more complete frame-
work of efficiency determinants in the apple sec-
tor. All these would help to design and propose
more effective and region-specific policy meas-
ures enabling or helping farmers to use more ef-
ficiently their production resources.
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