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CENTRE FOR PLANNING AND ECONOMIC RESEARCH
The Centre for Planning and Economic Research (KEPE) was established as a
research unit, under the title “Centre of Economic Research”, in 1959. Its primary aims
were the scientific study of the problems of the Greek economy, the encouragement of
economic research and the cooperation with other scientific institutions.
In 1964, the Centre acquired its present name and organizational structure, with the
following additional objectives: first, the preparation of short, medium and long-term
development plans, including plans for local and regional development as well as public
investment plans, in accordance with guidelines laid down by the Government; second,
the analysis of current developments in the Greek economy along with appropriate short
and medium-term forecasts, the formulation of proposals for stabilization and
development policies; and third, the additional education of young economists,
particularly in the fields of planning and economic development.
Today, KEPE focuses on applied research projects concerning the Greek economy
and provides technical advice on economic and social policy issues to the minister of
the Economy and Finance, the Centre’s supervisor.
In the context of these activities, KEPE produces five series of publications,
notably:
Studies. They are research monographs.
Reports. They are synthetic works with sectoral, regional and national dimensions.
Statistical Series. They refer to the elaboration and processing of specified raw
statistical data series.
Discussion Papers series. They relate to ongoing research projects.
Research Collaborations. They are research projects prepared in cooperation with other
research institutes.
The number of the Centre’s publications exceed 650.
The Centre is in a continuous contact with foreign scientific institutions of a
similar nature by exchanging publications, views and information on current economic
topics and methods of economic research, thus furthering the advancement of
economics in the country.

5

CONTENTS
ΠΕΡΙΛΗΨΗ ................................................................................................................................................7
ABSTRACT ................................................................................................................................................9
1. INTRODUCTION ................................................................................................................................11
2. METHODOLOGY ...............................................................................................................................12
2.1 THE MALMQUIST PRODUCTIVITY INDEX ..........................................................................................12
2.2 QUANTILE REGRESSION ....................................................................................................................13
3. DATA AND DESCRIPTIVE STATISTICS ......................................................................................15
4. EMPIRICAL RESULTS......................................................................................................................17
4.1 THE MALMQUIST PRODUCTIVITY INDEX ..........................................................................................17
4.2 QUANTILE REGRESSION ....................................................................................................................17
5. CONCLUSIONS...................................................................................................................................22
REFERENCES .........................................................................................................................................23

6

Ανάλυση παραγωγικότητας σε δύο στάδια εκτίμησης με τη χρήση δεικτών
Malmquist και τεταρτημοριακής παλινδρόμησης (quantile regression)
Ελένη Καδίτη & Ελισάβετ Νίτση
ΠΕΡΙΛΗΨΗ
Σκοπός της παρούσας εργασίας είναι να εξεταστούν οι επιπτώσεις των χαρακτηριστικών
της αγροτικής εκμετάλλευσης καθώς και του τρόπου άσκησης πολιτικής στην μεταβολή
της παραγωγικότητας χρησιμοποιώντας μια διαδικασία δύο σταδίων. Στο 1ο στάδιο
υπολογίζονται οι μη-παραμετρικές εκτιμήσεις του δείκτη Malmquist καθώς και τα
συνθετικά του, ενώ εφαρμόζεται η διαδικασία bootstrap για την αποτίμηση της
στατιστικής τους σημαντικότητας. Στο 2ο στάδιο, εκτιμώνται οι επιπτώσεις επιλεγμένων
επεξηγηματικών μεταβλητών στη μεταβολή της παραγωγικότητας χρησιμοποιώντας την
προσέγγιση τεταρτημοριακής παλινδρόμησης (quantile regression) με bootstrap. Με την
προσέγγιση αυτή αναλύεται όχι μόνο η επίδραση που ασκούν οι επεξηγηματικές
μεταβλητές στην μεταβολή της παραγωγικότητας του μέσου παραγωγού, αλλά και η
οριακή επίδραση μιας δεδομένης μεταβλητής για τους παραγωγούς σε διαφορετικά σημεία
της κατανομής της παραγωγικότητας.
Πολλές από τις μελέτες που μέχρι σήμερα έχουν εξετάσει τις επιδράσεις εξωγενών
μεταβλητών (π.χ. μέγεθος εκμετάλλευσης, μεταβλητές άσκησης πολιτικής) στην μεταβολή
της παραγωγικότητας χρησιμοποιούν κυρίως παλινδρομήσεις λογοκριμένων δεδομένων
(censored regression) ή ελάχιστων τετραγώνων (π.χ. Tobit και OLS, αντίστοιχα). Αν και
έχει αναγνωριστεί ότι οι εκτιμήσεις των επιδράσεων των επεξηγηματικών μεταβλητών
στη μέση μεταβολή της παραγωγικότητας δεν είναι ενδεικτικές του μεγέθους και της
φύσης τους όσον αφορά τα άκρα της κατανομής της ενδογενούς μεταβλητής, δεν έχει γίνει
προσπάθεια να ερευνηθούν.
Επιπλέον, η χρήση της μεθόδου των ελάχιστων τετραγώνων οδηγεί σε μεροληπτικές
εκτιμήσεις των παραμέτρων που συμπεριλαμβάνονται στο δεύτερο στάδιο της ανάλυσης
λόγω της ετεροσκεδαστικότητας των στατιστικών δεδομένων. Πιο συγκεκριμένα, η
ασυμμετρία (skewness) και η κυρτότητα (kurtosis) που παρουσιάζει η κατανομή της
μεταβολής της παραγωγικότητας καθιστά ενδεδειγμένη τη χρήση της παλινδρόμησης
quantile. Συνεπώς, η παρούσα μελέτη χρησιμοποιεί για πρώτη φορά την προσέγγιση της
παλινδρόμησης quantile για να διερευνήσει τις επιδράσεις των επεξηγηματικών
μεταβλητών σε ολόκληρη την κατανομή της μεταβολής της παραγωγικότητας,
λαμβάνοντας υπόψη τα προβλήματα που προκύπτουν από τις μεθόδους εκτίμησης του
μέσου.
Τα εμπειρικά αποτελέσματα δείχνουν ότι εξετάζοντας διαφορετικά σημεία της κατανομής
παρατηρείται μεγάλη διαφορά ως προς την επίδραση των επεξηγηματικών μεταβλητών
στην μεταβολή της παραγωγικότητας. Η κυβερνητική στήριξη μέσω επιδοτήσεων
περιορίζει την αύξηση της παραγωγικότητας, ενώ η επίδραση μεταξύ των δύο άκρων της
κατανομής είναι δεκαπλάσια. Το μέγεθος της εκμετάλλευσης βελτιώνει την απόδοση των
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αγροτών, ενώ η διαφορά μεταξύ των άκρων της κατανομής είναι εξαπλάσια.
Επιπρόσθετα, ο τόπος που βρίσκονται οι αγρότες παίζει σημαντικό ρόλο λόγω του ότι οι
περιοχές φαίνεται να επιδρούν με διαφορετικό τρόπο στην παραγωγικότητα. Ειδικότερα,
οι αγρότες που έχουν σημαντική πρόοδο, δηλαδή βρίσκονται στα ανώτατα quantiles,
έχουν τη μεγαλύτερη επίδραση. Τέλος, ένα αντίστοιχο επιχείρημα μπορεί να εξαχθεί όσον
αφορά στην επίδραση της εξειδίκευσης στην αύξηση της παραγωγικότητας στα διάφορα
quantiles.
Συνεπώς, οι προτάσεις πολιτικής δεν θα πρέπει να είναι γενικευμένες, αλλά να λαμβάνουν
υπόψη τη σχετική κατανομή της μεταβολής της παραγωγικότητας καθώς και τους
επιλεγμένους στόχους πολιτικής. Πιο συγκεκριμένα, μπορεί να θεωρηθεί απαραίτητη η
άσκηση διαφορετικής αγροτικής πολιτικής σε αγρότες που βρίσκονται σε διαφορετικά
σημεία της κατανομής της μεταβολής της παραγωγικότητας, ανάλογα με την περιοχή που
δραστηριοποιούνται οι αγρότες καθώς και τα χαρακτηριστικά τους. Μια πιθανή μείωση
των αγροτικών πληρωμών μπορεί να μην έχει αρνητικές επιπτώσεις στην
παραγωγικότητα των αγροτών στην Ελλάδα, ειδικότερα εκείνων που είναι περισσότερο
αποδοτικοί. Τέλος, περαιτέρω θεσμικές μεταρρυθμίσεις της Ελληνικής αγοράς γεωργικής
γης, καθώς και μια αναδιάρθρωση του αγροτικού τομέα προς μεγαλύτερες εκμεταλλεύσεις
μπορούν να συμβάλουν στην αύξηση της παραγωγικότητας των Ελλήνων αγροτών.
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ABSTRACT
This paper examines the effects of farm characteristics and government policies in
enhancing productivity growth for a sample of Greek farms, using a two-stage
procedure. In the first stage, non-parametric estimates of the Malmquist index and its
decompositions are computed, while a bootstrapping procedure is applied to provide
statistical precision. In the second stage, productivity growth estimates are regressed on
various covariates using a bootstrapped quantile regression approach. The effect that the
covariates exert on productivity growth for the average producer is analyzed, as well as
the marginal effect of a given covariate for individuals at different points in the
conditional productivity distribution. The results indicate that there exists large disparity
of the covariates effect on productivity growth at different quantiles. Thus, policy
recommendations should take into account the productivity distribution involved, as
well as the selected policy objectives.

Keywords: Malmquist productivity index, quantile regression, bootstrap
JEL codes: C14, C21, D24
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1. INTRODUCTION
The analysis of productivity and productive efficiency has received enormous attention
in the literature. Productivity change and production efficiency scores are typically
estimated using either a parametric or a non-parametric method. A well-known nonparametric mathematical linear-programming approach to frontier estimation is the
Data Envelopment Analysis (DEA). This method has been developed since Charnes et
al. (1978) and Färe et al. (1985), providing measures of efficiency in production, based
on the work of Debreu (1951) and Farell (1957), and it has been widely used owing to
its numerous advantages. 1 The most obvious is that no particular functional form is
assumed for the frontier model; whereas DEA is not subject to assumptions on the
distribution errors, which might arise with parametric methods. Moreover, this approach
is particularly useful in situations of multiple outputs produced from a vector of inputs,
having no reliable price information that would allow estimation of stochastic frontier
cost functions.
Using a two-stage procedure, the estimates of productivity change or productive
efficiency obtained from such a non-parametric approach are regressed on a variety of
covariates to account for exogenous factors that might affect individuals’ (or sectors’)
performance, as for example in Bureau et al. (1995), Fulginiti et al. (1997), Arnade
(1998), Wadud et al. (2000), Umetsu et al. (2003), Coelli and Rao (2005), and
Balcombe et al. (2008). Many of these studies employ the consistent bootstrap
estimation procedures proposed by Simar and Wilson (1998 and 2000) to estimate the
production frontier with the best performing observations of the sample and establish
statistical properties of DEA estimators. The effects of exogenous variables (e.g.
producers’ size or government policies) on productivity change or efficiency are then
estimated using mainly a censored or a linear model (e.g. Tobit and OLS, respectively).
More recently, Simar and Wilson (2007) further proposed a double-bootstrap procedure
for a truncated regression model to improve the results’ robustness.
In this literature, it is generally recognized that the resulting estimates of various effects
on the conditional mean of productivity and efficiency change are not necessarily
indicative of the size and nature of these effects on the tails of the productivity growth
distribution. However, there has been no attempt to actually examine these. Moreover,
according to Koenker and Hallock (2001), the faulty notion that is often encountered is
that a form of ‘truncation on the dependent variable’, by segmenting it into subsets
based on its unconditional distribution and then doing least squares fitting on these
subsets, yields consistent estimates. Such strategies are doomed to failure for all the
reasons so carefully laid out in Heckman’s (1979) work on sample selection.
Quantile regression was developed by Koenker and Bassett (1978) as a robust
alternative estimation technique to least squares. This study applies a two-stage analysis
employing a double-bootstrap technique to obtain DEA estimators and examine the
issue of productivity change with a quantile regression model, in order to better
understand for whom specific covariate changes are significant and how large they
might be across various points of the conditional productivity distribution.
1

The empirical applications of this method comprise various sectors such as agriculture, airlines,
banking, electric utilities, insurance companies and public sectors.
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In particular, this study employs quantile regression to a sample of Greek farms to
examine how farms’ productivity has been affected by government policies via
regulations and subsidies, as well as through the structural trend of the Greek
agricultural sector towards larger farms. The continuous reforms of the Common
Agricultural Policy (CAP) created incentives for production growth, land concentration
and adoption of new technologies. However, farmers’ income continues to rely to a
large extent on CAP payments. As the sector is expected to be deregulated by 2013 with
the removal of such subsidies, there is currently far more pressure on farmers to be
efficient. An interesting question, therefore, focuses on how farmers’ economic
performance is affected by the relevant EU agricultural policies. Research by Rezitis et
al. (2003) and Zhu et al. (2008) on the impact of subsidies on farms productive
efficiency in Greece indicates that farmers’ performance is negatively affected by
government policies. However, as is frequently the case in applied frontier research, the
methods used to generate the appropriate information need to be considered.
In previous research, a stochastic frontier model and maximum-likelihood methods
were applied to estimate a Cobb-Douglas or a translog production function, whereas the
current analysis is the first attempt that employs a non-parametric method using data for
Greece. In particular, the study employs a two-stage procedure by measuring first
productivity change using a time-dependent DEA method – namely, the Malmquist
productivity index method described in Färe et al. (1994). The statistical properties of
the non-parametric estimators are determined, using a consistent bootstrap estimation
procedure proposed by Simar and Wilson (1999). These estimated scores are regressed
over a set of covariates, including farm characteristics and policy measures, in the
framework of a quantile regression model with bootstrap. Farm-level data for the period
2001-2002 have been retrieved from the Farm Accountancy Data Network (FADN)
dataset.
The rest of the study is organized as follows. Section 2 analyzes the Malmquist
productivity index derived from the DEA method, as well as the quantile regression
technique that is used for the empirical analysis. The following section gives the details
of the data used, whereas Section 4 presents and discusses the empirical results.
Conclusions and policy implications are included in the final section.
2. METHODOLOGY
2.1 The Malmquist Productivity Index
The Malmquist productivity index, a non-parametric DEA model under time-dependent
situations, is used for the estimation of productivity change. The concept of this index
was introduced by Malmquist (1953), and it has been further studied and developed by
several authors, e.g. Caves et al. (1982) and Färe and Grosskopf (1992). It is an index
evaluating total factor productivity (TFP) growth of a decision-making unit (DMU – a
farmer, in this case), in that it reflects (i) progress or regress in efficiency, along with
(ii) the change in the frontier technology between two periods of time under the
multiple inputs and outputs framework. It is, therefore, defined as the product of catchup (or recovery) and frontier-shift (or innovation) terms, respectively.
Following Cooper et al. (2007), the Malmquist index (MI) can be computed as follows:
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where xo and yo indicate a vector of inputs and outputs, respectively; δi((xo, yo)i) denotes
the efficiency of (xo, yo)i with respect to period i frontier; and δj((xo, yo)i) denotes the
efficiency of (xo, yo)i with respect to period j frontier, for i=1, 2 and j=1, 2. Moreover, C
is the catch-up effect and denotes efficiency change, while F is the frontier-shift effect
and denotes technology change. If MI>1, progress in the productivity of the relevant
DMU has occurred from period 1 to 2, while MI=1 and MI<1 indicate respectively the
status quo and deterioration in TFP.
The above-mentioned scores of DMUs are measured relative to an estimated production
frontier, defined as the geometrical locus of optimal production plans. In that case, the
MI is based on the finite sample of observed DMUs. A bootstrap method is, therefore,
used to analyze the sensitivity of the Malmquist index relative to the sampling
variations of the estimated production frontier as proposed in Simar and Wilson (1999).
In particular, the bivariate kernel estimator of the density of the original distance
function estimates are used to preserve any temporal correlation present in the data.
In this framework, an output-oriented Malmquist index is calculated with DEA based
on a multi-input one-output model. Four inputs are included as follows. Capital is the
value of total assets (e.g. agricultural machinery and equipment, agricultural buildings,
permanent cultivation and livestock); Labor is measured as the number of hours of
human labor used on individual farms during the year and includes operator, family and
hired labor used on the farm; Land is the area operated measured in hectares; and
Intermediates is the value of consumption of seeds, fertilizers, chemicals, feed, fuel and
other miscellaneous expenses per farm.
2.2 Quantile Regression
In the quantile regression, the median is defined as the solution to the problem of
minimizing a sum of absolute residuals, similarly to the sample mean used as the
solution to the problem of minimizing a sum of squared residuals. The use of least
squares regression leads though to biased estimates of the parameters included in the
second stage of the analysis, when the data are heteroskedastic due to variable variations
in the sample. Using quantile regression, the sets of slope parameters of the conditional
quantile functions differ from each other as well as from the least squares slope
parameters. Therefore, estimating conditional quantiles at various points of the
distribution of the dependent variable allows tracing out different marginal responses of
the dependent variable to changes in the covariates at these points.
The quantile regression model is defined as:
yi  xi    i with Q  yi xi   xi 

(2)

where yi is the MI of the ith sample farmer, i = 1,..,N, and xi is a vector of all regressors.
Q  yi xi  denotes the θth conditional quantile of yi given xi and βθ is the unknown vector
of parameters to be estimated. The θth regression quantile (0<θ<1) solves the problem:
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Any quantile of the distribution of yi conditional on xi can be obtained by changing θ
from zero to one. This continuous change of θ relaxes the assumption of i.i.d. errors, ε,
upon which the least square regression depends. Consequently, the parameter estimates
are not assumed to be the same at all points on the conditional distribution.
Taking into account unobserved heterogeneity in the dependent variable of equation (2),
the error term is independently but not identically distributed across individuals. The
violation of this basic assumption of the standard regression model renders quantile
regression as a preferable method. In the empirical analysis, both quantile and least
squares techniques are employed so as to provide a more complete picture of the
conditional distribution of the dependent variable, and the partial effects that the
covariates exert on different quantiles.
The Malmquist index computed with DEA from the first stage is then regressed using a
number of covariates suggested in the literature. Starting with the variable chosen for
government policies, the share of total subsidies in the total farm revenue is used,
namely Subsidy. This variable may have a positive or a negative effect on productivity
change. Subsidies increase productivity if they provide to farmers an incentive to
innovate or switch to new technologies, relaxing credit constraints. However,
productivity may also decrease with an increase of subsidies, if farmers prefer more
leisure since they have a higher income from subsidies.
Another farm characteristic selected is the Farm Size measured by a dummy derived
from each farmer’s European Size Unit (ESU). In particular, nine different economic
size classes are used based on the classification provided by FADN. It is assumed that a
smaller farm may encourage its operators to adopt new technologies, though larger size
farms may be more efficient.
Two variables are included regarding the technology employed. The capital to labor
ratio is used as a first proxy of farm Technology, whereas the ratio of family labor hours
to total farm labor hours indicates the workforce composition. To the extent that Family
Labor is more relevant in small, less competitive farms, it may be associated with a
lower level of productivity.
Financial information concerning each farm is also included using two proxies. The
share of Owned Land in the total land operated is expected to have a negative impact on
a farm’s productivity change, as long as direct costs of land rentals create stronger
incentives to work the land in a more efficient manner, relative to the opportunity costs
borne by owned land. The availability of financial resources is proxied by a dummy
variable, Loans, that is equal to one when a farm has received an intermediate or a longterm loan. This variable may reflect the ability of the farm to exploit investment
opportunities and it is expected to increase productivity. A positive effect may also be
possible owing to the pressure on farmers to repay their debts, and thus to limit their
resource waste.
The main production activity of each farm is also indicated by a dummy variable,
Specialization. It is a binary variable that equals one if a farm is mainly producing
14

livestock or zero otherwise. This dummy is introduced to capture differences in farming
practices among farms producing different types of output.
Farmers’ age is also likely to influence productivity, which is measured through a
separate human capital variable. Age indicates the age of the farm’s operator. Younger
farmers are expected to be more likely to introduce changes in farm management
techniques that increase productivity, relative to elderly ones.
Moreover, a dummy that identifies whether a farm is located in a Less Favored Area
(LFA) is included. Farms located in LFAs are likely to suffer from different restrictions,
such as environmental constraints, low productive capacity, aged population, etc. that
may reduce farms’ productivity growth.
Finally, an explicit indication of farm location is included using regional dummies. The
use of regional dummies involves the assumption that farms are heterogeneous across
regions. Four regions are distinguished as follows. Region 1 refers to Macedonia—
Thrace; Region 2 is Epirus—Peloponnese—Ionian Islands; Region 3 represents
Thessaly, and Region 4 denotes Central Greece—Aegean Islands—Crete. Binary
variables that equal one or zero are, therefore, introduced, with Region 4 chosen as the
reference region.
In terms of the software used, the general purpose statistical package R and FEAR
(Frontier Efficiency Analysis with R) were used for the empirical analysis in this study,
as standard software packages do not include procedures for non-parametric efficiency
estimators, whereas only R includes procedures for statistical inference. In particular,
FEAR 1.11 by Wilson (2007) and R 2.8.1 were used to compute the Malmquist index
and its decompositions, as well as to implement bootstrap methods, to run the quantile
regression and the appropriate hypothesis tests. Finally, the choice of bootstraps was
constrained by available computer resources due to the large dataset. As indicated in the
literature, 2,000 replications were performed in both stages to ensure an adequate
coverage of the confidence intervals.
3. DATA AND DESCRIPTIVE STATISTICS
Data for two consecutive years (2001–2002) were retrieved from the FADN dataset for
Greece, which includes physical, structural, economic and financial data for about 4,000
farms. Unbalanced panel data were used to estimate the distance functions needed to
construct the Malmquist productivity index, and data for 2001 were used to determine
the effects of the explanatory variables. After cleaning for missing and inconsistent data,
the sample size was reduced to 3,673 farms for 2001 and 3,618 for 2002. The sample
used in the quantile regression includes 2,945 farms from the DEA output.

Based on this sample, a brief analysis of the agricultural sector in Greece follows. As
shown in Table 1, land operated by 52.94% of the farmers is between 5 and 20 hectares,
whereas 10.15% of the producers operate in a farm that is larger than 20 hectares.
Moreover, 54.7% of the sample farms receive subsidies of value lower or equal to
€5,000. In terms of land ownership, about 60% of the farmers rent land. Out of these,
50.16% of their total operated land is, on average, rented. Surprisingly, only 12.02% of
the farmers reported having a long-term or an intermediate loan. As the majority of the
Greek farmers produce crops, 16.03% of the sample farms are mainly livestock
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producers. In addition, 56.37% of the farmers are more than 45 years old. Out of the
2,945 farms, 44.14% are located in Macedonia—Thrace, 22.89% in Epirus—
Peloponnese—Ionian Islands, 20.34% in Central Greece—Aegean Islands—Crete and
the remaining in Thessaly. Finally, almost 60% of the farms are located in less favored
areas.
Table 1
Farm Characteristics
Age, %
17.59
<34
26.04
35-44
27.98
45-54
22.45
55-64
5.94
>65
Rented Land
58.95
YES
41.05
NO

Land (Ha), %
36.91
<5
52.94
5-20
8.76
20-50
1.39
>50
44.14
Region_1
22.89
Region_2
12.63
Region_3
20.34
Region_4
59.15
LFA

Subsidies (€), %
54.70
< 5 000
5000-10 000 25.78
19.52
> 10 000
Specialization
83.97
Crops
16.03
Livestock
Loans
12.02
YES
87.98
NO

Descriptive statistics for all variables included for the estimation of the Malmquist
index are shown in Table 2. The average annual output of sample farms was around
€20,000 in 2002. Farms employed about 3,100 labor hours per year, 82.82% of which
came from family labor. Moreover, sample farms had on average 10.35 hectares of land
in 2002, which was an increase of 10.26% from 2001. Descriptive statistics for the
variables used in the quantile regression are also presented in the lower part of Table 2.
For instance, the average share of subsidies was about 20.53% of the farm’s revenue,
whereas the average farmer’s age was 47 years in 2001.
Table 2
Descriptive Statistics
Malmquist Index output &
inputs
2001
Production, €
2002
2001
Capital, €
2002
2001
Labor, hours
2002
2001
Land, Ha
2002
2001
Intermediates, €
2002
Quantile regression variables
Subsidy
Subsidies, €
Technology
Family_Labor
Owned_Land
Age

Mean
21 447
19 371
29 129
30 793
3 073
3 159
9.39
10.35
7 999
8 513
Mean
0.205
6 310
10.19
0.800
0.674
46.87

Median
16 338
14 796
22 990
23 527
2 720
2 840
6.20
6.50
5 956
6 052
Median
0.123
4 423
7.29
0.837
0.771
47

SD
17 868
15 660
24 235
27 426
1 732
1 788
10.95
12.53
7 211
8 068
SD
0.232
6 721
10.44
0.196
0.341
12

Min
431
365
221
205
177
144
0
0
207
250
Min
0
0
0.066
0.160
0
21

Max
171 228
183 573
272 553
292 385
14 300
16 240
177.40
176.82
95 537
95 272
Max
3.344
61 467
180.34
1
1
83

Note: The monetary values in 2001 have been deflated using the following indices. For production:
output price indices in the agricultural-livestock production (excluding subsidies); for capital: price
indices of goods and services contributing to agricultural-livestock investment; and for
intermediates: price indices of the consumable means of agricultural-livestock production.
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4. EMPIRICAL RESULTS
4.1 The Malmquist Productivity Index
The estimated Malmquist index, its decompositions into efficiency and technology
change, as well as the confidence intervals obtained from the bootstrap estimation
procedure, are presented in Table 3. The means for the sample farms were calculated, as
well as the number of farms who experienced growth (or regress) in their performance.
Since the MI is an output-oriented measure of productivity change, a number larger than
one corresponds to improvements in performance, whereas a value less than one reflects
deterioration. It appears that 44.01% of the MIs were estimated to be larger than unity;
65.37% of the farms included in the sample have an efficiency change larger than one;
and only 1.56% of the farms experienced technology progress.

Table 3
Malmquist index and its decompositions
Malmquist index
Efficiency change
Technology change

Mean
1.138
1.981
0.599

Median
0.871
1.536
0.581

Malmquist index
Efficiency change
Technology change

Progress
1 296
1 925
46

Regress
1 649
1 018
2 899

SD
Min
Max
0.909
0.041
4.985
1.538
0.049
6.557
0.160
0.303
1.213
Confidence intervals
Lower bound
Upper bound
1.077
1.177
1.846
2.428
0.421
0.635

Based on these figures, it can be further examined whether the changes in productivity,
efficiency, and technology are statistically significant. The average farm of the sample
appears to have a productivity growth of 13.8%, whereas the lower bound of the
confidence interval is slightly greater than unity. In terms of the efficiency change
component, the lower bound has again a value greater than one, which indicates that the
gap between the production frontier and the relevant farms’ actual production was
squeezed in the period of the present analysis. The average rate of technology change is
though lower than unity indicating a downward shift of the production frontier. To sumup, it is obvious that the observed increase in productivity growth can be explained by
the increase in efficiency change for the average farm, since the change in technology
lead to decreased productivity.
4.2 Quantile Regression
As it appears in Figure 1, the empirical distribution of productivity change is found to
be highly skewed with a long right tail. The conditional median and mean fits are quite
different, a fact that is partially explained by the asymmetry of the conditional density.
Consequently, the median provides a more robust measure of location than the mean
when distributions are skewed as with the Malmquist index.
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Figure 1
Density distribution

Normal distribution

Formal testing leads to a rejection of the usual assumption of normality of the
dependent variable, i.e. productivity change. The D’Agostino et al. (1990) skewness
and kurtosis test is used to show statistically (at the 1% level of significance) that the
dependent variable is positively skewed and kurtic (skewness = 22.173 and kurtosis =
9.644). Thus, there is a large number of farms with relatively small change in
productivity, whereas farms with above average change in productivity are significantly
above average. These results suggest that the distribution of the dependent variable
significantly departs from normality and justifies the use of quantile regression.
Consequently, by estimating conditional quantile functions, it will be possible first to
test for differences in the effects exerted on productivity change by specific covariates
at various quantiles; and secondly, to take into account any possible bias caused by long
tails and unobserved heterogeneity among farms. The estimates of this technique are
considered robust as opposed to the inefficient estimates produced by standard least
squares.
In the second stage of the analysis, the effects of the various covariates on the
Malmquist index were then estimated using quantile regression. The empirical results
are shown in Table 4, where the 0.10, 0.25, 0.50, 0.75 and 0.90 quantiles are reported.
In addition, OLS estimates showing the mean effects of all covariates are presented. The
numbers in parentheses are the bootstrapped standard errors computed to improve
statistical efficiency.
The quantile regression estimates are also summarized using a plot for each of the
twelve covariates (and the intercept) included in the model. In Figure 2, nineteen
distinct quantile regression estimates are presented for a (horizontal) quantile scale
ranging from 0.05 to 0.95 as the solid curve with filled dots. For each variable, these
point estimates can be interpreted as the impact of a one-unit change of the relevant
factor on productivity change holding the other variables fixed at a given specification.
The shaded grey area depicts a 90 per cent pointwise confidence band for the quantile
regression estimates. The dotted line in each figure shows the OLS estimate of the
conditional mean effect, whereas the two dashed lines represent conventional 90 per
cent confidence intervals for the least squares estimate.
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Figure 2
OLS and Quantile regression estimates

In the first panel of the figure, the intercept of the model can be interpreted as the
estimated conditional quantile function of the productivity change distribution of a farm
that does not have loans, is not located in an LFA, produces mainly crops, is located in
Central Greece—Aegean Islands—Crete, and has the mean characteristics of the
average farm (e.g. family labor is 80% of total labor hours, the farmer is 47 years old,
etc.). That is, the explanatory variables that are not binary are chosen to reflect the
means of these variables in the sample. It is worth noting that the median quantile of the
distribution is farms with no change in productivity.
Each of the other plots gives information about the relevant covariate. At any chosen
quantile, the question that can be answered is how different is the response of
productivity change from the corresponding variable, given a specification of all other
conditioning factors. For the policy variable, the OLS estimate shows that productivity
declines by 0.54: that is, an increase of 1% of subsidies contribution to farmers’ income
leads to a decrease of 0.54% in productivity. However, the quantile regression estimates
show smaller changes in productivity for the lower tail of the distribution, where farms
are experiencing productivity regress, and a larger change in the upper tail, where
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farmers are progressing. That is, a reduction in productivity by 0.07 at the 0.05 quantile
up to 0.72 at the 0.95 quantile. The conventional least squares confidence interval does
then a poor job of representing this range of disparity. Overall, the negative impact of
subsidies on productivity change indicates that the motivation for improving
productivity is lower when farmers are supported by government policies. For the farms
that have experienced productivity progress, the marginal effect of subsidies is higher.
This means that the farms that perform well are sensitive to subsidies and tend to
progress at a lower level when receiving agricultural payments. This is a similar
conclusion to the one obtained by Zhu et al. (2008).
In terms of the farm size, the variable has a positive, though relatively smaller impact on
productivity change. The OLS estimates show an increase in productivity by 0.14, while
the quantile regression estimates show a disparity from 0.04 at the 0.05 quantile to 0.24
at the 0.95 quantile. This implies that the larger the farm, the higher the possibility of
productivity growth. This result is consistent with the conclusions of Balcombe et al.
(2008). Moreover, the technology variable appears not to be statistically significant for
the low quantiles. Nevertheless, it may affect productivity change, as it is statistically
significant for farms that progress in productivity.
Moreover, there is a negative relationship between productivity growth and a farm’s
workforce composition. The relevant coefficient is -0.73 for the OLS estimates and it
decreases along higher quantiles (up to -0.94 at the 0.95 quantile). Its negative sign
indicates that farms with a lower proportion of unpaid labor are more efficient. Family
laborers appear to have fewer incentives than hired labor to act efficiently, whereas
hired labor may be more qualified and more able to perform specialized tasks than
family labor. This result is in accordance to Zhu et al. (2008). In addition, farms renting
land may be more productive relative to farms that own the operated land, as the
relevant coefficient is statistically significant and negative for farms at the lower tail of
the productivity distribution. The opposite effect is also observed for farms that
experience significant productivity progress.
The variable for specialization has a positive and significant effect on productivity.
Interpreting the results, livestock producers are increasing their productivity relative to
crop producers by 0.15 at the mean estimate, but as is obvious from the quantile
regression results, the coefficient is 0.05 in the lower quantile and significantly larger
(0.54) in the upper tail of the distribution.
In terms of loans, farms’ productivity may increase if they have loans, owing to the
possibility of new investments. This is also justified by the fact that farmers included in
the sample do not appear to be financially stressed. The coefficient representing
farmers’ age suggests that older farmers might be less efficient in comparison to
younger ones, though the coefficient is not statistically significant. Furthermore, the
sign of the dummy on LFAs is negative, indicating that the less favored areas are less
productive relative to the other regions. Even though the estimated coefficient from the
least squares is -0.11, the results obtained from the quantile regression vary from -0.03
to -0.15 along the productivity distribution.
The interpretation of the causal effects of the regional dummies, as in the corresponding
least squares analysis, may be somewhat controversial. For example, it is found that the
level of productivity change is lower in all three regions in comparison with the
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reference region, which is Central Greece—Aegean Islands—Crete. However, in the
higher quantiles, that is the farms that experience the higher progress, a much larger
effect appears for the three regions relative to the reference region.
Table 4
Results, Malmquist Index
OLS
Quantile regression estimates
estimates
0.10
0.25
0.50
0.75
-0.084
-0.202
-0.529
-0.668
-0.537
Subsidy
(0.035)**
(0.042) ***
(0.076) ***
(0.105) ***
(0.072) ***
0.053
0.090
0.147
0.194
0.140
Farm Size
(0.004) ***
(0.006) ***
(0.011) ***
(0.018) ***
(0.010) ***
0.0007
-0.0002
-0.002
-0.005
-0.003
Technology
(0.0006)
(0.0008)
(0.001) **
(0.002) **
(0.002) **
-0.138
-0.330
-0.703
-1.153
-0.733
Family Labor
(0.049) ***
(0.061) ***
(0.105) ***
(0.151) ***
(0.086) ***
-0.073
-0.087
-0.026
-0.020
-0.051
Owned Land
(0.035) **
(0.055)
(0.094)
(0.055)
(0.029) *
0.040
0.031
0.021
0.081
0.126
Loans
(0.049)
(0.023)
(0.035)
(0.061)
(0.074) *
0.076
0.125
0.146
0.283
0.152
Specialization
(0.035) **
(0.032) ***
(0.050) **
(0.099) ***
(0.045) ***
-0.001
-0.001
-0.001
-0.001
-0.001
Age
(0.001)
(0.001)
(0.001)
(0.001)
(0.003)
-0.058
-0.084
-0.125
-0.186
-0.110
LFA
(0.018) ***
(0.022) ***
(0.038) ***
(0.060) ***
(0.034) ***
0.023
-0.017
-0.068
-0.263
-0.143
Region 1
(0.025)
(0.033)
(0.050)
(0.088) ***
(0.046) ***
-0.048
-0.123
-0.234
-0.365
-0.293
Region 2
(0.029) *
(0.036) ***
(0.059) ***
(0.107) ***
(0.049) ***
-0.079
-0.137
-0.264
-0.512
-0.375
Region 3
(0.033) **
(0.040) ***
(0.060) ***
(0.101) ***
(0.060) ***
0.242
0.550
1.153
2.052
1.411
Intercept
(0.072) ***
(0.085) ***
(0.151) ***
(0.235) ***
(0.129) ***
Values in the parentheses are Standard Errors. Significance levels: 0.01***, 0.05**, 0.1*.

0.90
-0.654
(0.151) ***
0.208
(0.029) ***
-0.008
(0.003) **
-1.126
(0.257) ***
0.346
(0.150) **
0.064
(0.130)
0.496
(0.150) ***
-0.005
(0.004)
-0.148
(0.104)
-0.432
(0.157) ***
-0.623
(0.171) ***
-0.791
(0.207) ***
2.769
(0.378) ***

Before concluding, the importance of the differences in the quantile parameter estimates
was formally examined with the relevant hypotheses testing. The corresponding test
statistics for the pure location shift hypothesis and the location-scale shift hypothesis
proposed by Khmaladze (1981) and Koenker and Xiao (2002) were performed. Two
tests were computed for each hypothesis; a joint test that all covariates effects satisfy the
null hypothesis, and a coefficient-by-coefficient version of the test. The test for the pure
location shift hypothesis takes the value 44.31. The critical value for this test is 16.00,
so the location shift hypothesis is decisively rejected. The critical values for the
coordinate-wise tests are 1.923 at 0.05, and 2.420 at 0.01, so that the effects of Subsidy,
Farm Size, Technology, Family Labor, LFA and Regions are highly significant. In terms
of the location-scale shift hypothesis, it is found that the joint test statistic is now 45.74,
so that the hypothesis is rejected. Finally, for the coefficient-by-coefficient test, the
covariates effects are less significant.
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5. CONCLUSIONS
This study has demonstrated the use of recently developed econometric techniques for
the estimation of farm-specific productivity growth, for the case of Greece. It provides a
first application of a double bootstrap procedure in a two-stage estimation of a range of
covariates on non-parametric estimates (DEA) of productivity growth using the method
of quantile regression.

Having a distribution of productivity change that is highly skewed and kurtic, the use of
the quantile regression method appears to be suitable. The importance of quantile
regression estimates lies in the fact that looking at different points of the conditional
distribution there is large disparity of the covariates effect on productivity growth. The
empirical results indicate that government support reduces productivity growth, whereas
its magnitude is tenfold between the lower and the upper quantile. Farm size improves
farmers’ performance, while the disparity among quantiles is almost sixfold.
Additionally, farm location plays an important role as regions appear to affect
productivity differently at various points of the distribution. In particular, farms that
have significant progress, i.e. the upper quantiles, experience the greatest impact.
Finally, a similar conclusion can be reached for the impact of farms’ specialization on
productivity growth among different quantiles.
Consequently, policy recommendations cannot be generalized, but they should take into
account the productivity distribution involved and the selected policy objectives. That
is, different agricultural policies are required for farms that are observed at different
points of the conditional productivity distribution, have different characteristics, and are
located in different regions. In particular, possible reduction in agricultural payments
may not affect farms’ performance, especially for those that experience considerable
productivity progress. Moreover, further institutional reforms of the agricultural land
market, as well as restructuring of the overall sector towards larger farms, may
contribute to the establishment of more productive farms.
Future research could proceed along two lines. First, longitudinal data could be used in
a quantile regression model to investigate how government policies and farms’
characteristic affect farms’ productivity growth over time. Secondly, it would also be
interesting to compare the impact of various covariates on productivity growth
estimates, which are derived by a parametric and a non-parametric technique, using
quantile regression.
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