%‘““‘“\N Ag Econ sxes
/‘ RESEARCH IN AGRICUITURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu

aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.

No endorsement of AgEcon Search or its fundraising activities by the author(s) of the following work or their
employer(s) is intended or implied.


https://shorturl.at/nIvhR
mailto:aesearch@umn.edu
http://ageconsearch.umn.edu/

®
AIEAA

ASSOCIAZIONE ITALIANA DI
ECONOMIA AGRARIA E APPLICATA

Scale Efficiency in Organic and Conventional Dairy Farming
Kargiannis, G.*, Salhofer K.? and Sinabell F.?

! University of Macedonia, Greece
2 Technische Universitat Miinchen, Germany

% Austrian Institute of Economic Research, Austria

Klaus.Salhofer@tum.de

Paper prepared for presentation at the 1 AIEAA Conference
‘Towards a Sustainable Bio-economy: Economic Issues and Policy Challenges’

4-5 June, 2012
Trento, Italy

Summary

Recently, several studies compared the performance of conventional and organic farms. Most studies concentrated on
technical efficiency. In this paper we add to this literature by also comparing the scale efficiency of conventional and
organic milk farms in Austria during the period 1997-2002. To do so we utilize a bilateral production frontier that
includes both production technologies and Green’s (1995a,b) true fixed effects model to account for firm specific time-
invariant heterogeneity and technical inefficiency. We find both groups of farms to be on average equally technical
efficient (when compared to their production frontier), but conventional farms being on average considerably more
scale efficient. However, while scale efficiency remained constant over time for conventional farms it increased for
organic farms which seem to catch up.
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1. INTRODUCTION

Recently a number of studies (i.e., Tzouvelekas, Pantzios and Fotopoulos, 2001a, 2001b, 2002; Oude
Lansink, Pietola and Béckman, 2002, Diamara et al., 2005; Madau, 1995; Sipildinen, 2005) compared the
performance of conventional and organic farms. These contributions focused on technical and allocative
efficiency. In this paper we add to this literature by comparing the technical efficiency and scale efficiency
of conventional and organic milk farms in Austria during the period 1997 - 2002. According to EC (2010)
Austria is with about 15.5% (as compared to 4.3% in EU-27) unambiguously the EU country with the largest
share of organic area in the utilized agricultural area (UAA).

Our point of departure is a bilateral production frontier function where a dummy variable is
incorporated to allow for technology differences between the two farming practices. We apply Green’s
(2005a,b) ‘true’ fixed effects model to account for unobserved time-invariant heterogeneity between farms
and Ray’s (1998) method of estimating output-oriented scale efficiency.

The rest of the paper is organized as follows. The next chapter discusses our modelling approach.
Chapter 3 describes utilized data before we present our results in chapter 4. We finish with a discussion in
chapter 5.

2. MODELLING APPROACH

Our point of departure is a bilateral production frontier which allows for technical inefficiency and
hence, Y < f( X,D,t) with Y being a single output X a vector of inputs, D a dummy variable used to
capture differences in production patterns between the two types of farm practices (i.e., conventional and
organic) and t is a time trend that serves as a proxy for technical change.

To empirically estimate technical inefficiency we use a stochastic production frontier approach first
developed by Aigner et al. (1977) and Meeusen and Van den Broeck (1977) and first applied to panel data by
Pitt and Lee (1981) and Schmidt and Sickles (1984). Here we utilize Green’s (1995a, 1995b) true fixed
effects model:

(1) Vie = & + X+ &t Eir = Vir — Uy, Uy =0

where i = 1,...,N indexes firms and t = 1,...,T indexes time periods. The y is typically log output and x is a

vector of logged inputs. ¢; and g are coefficients to be estimated. The v; are iid N(O, avz) and uj; are iid N*(0,
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of ), i.e. half-normal. In addition, X, vit and uj;; are mutually uncorrelated. This panel model is fundamentally

different from Pitt and Lee (1981) and Schmidt and Sickles (1984) in differentiating between inefficiency
(uir) and firm specific heterogeneity (). Hence, they control for time-invariant factors that affect firm’s
output, but are not regarded as inefficiency since they are not under control of the firm. In regard to
agricultural production this seems important given heterogeneity of natural conditions including soil quality,
climate, temperature and elevation.

Assuming a translog production technology the frontier in equation (1) can be estimated as

] ]
2 Yie= Z Xjit +%z

utilizing the maximum likelihood estimator proposed by Green (20053, b) and implemented in NLogit4.
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Technical efficiency is measured using the mean of the conditional distribution of and u;; given (v —
Uir) as point estimator (Jondrow et al., 1982). Given the translog form of our production frontier we can apply

Ray’s (1998) method to derive output oriented scale efficiency for every farm in every year (SE? ):

3)  sE? :exm{(l_zEit )2}
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where Ej; is the scale elasticity and y < 0 guarantees that 0 < Sgf < 1.

By taking the first difference of SEQ with respect to D, we can derive the effect of differences in

technology on scale efficiency.

(4) OSEY _(E-1) GE

SEQ
oD y oD

3. DATA

We use accountancy data of a panel of Austrian farms, specialized in milk production, between 1997
and 2002. On average over all years the milk revenues account for more than 2/3s of total revenues and of at
least 50% in each particular year. The sample is unbalanced and includes 41 organic farms with 191
observations, and 138 conventional farms with 587 observations.

Output is measured in terms of total farm revenues and converted into a constant price quantity index
using a milk price index. To account for differences in quality we use different indices for organic and
conventional milk. Descriptive statistics are given in Table 1. Four inputs are included in the production
function. Labor includes family as well as hired labor and is measured in working days per year. To adjust
for differences in the quality of labor we multiply the working days per year by 0.8, 0.9 and 1, if the farm
operator has a low (no specific education), a medium (vocational training) and a high (craftsman, secondary
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school with agricultural training) educational level, respectively. Land is measured in UAA. It is quality
adjusted by multiplying the UAA by hectare rate (Hektar-Satz), a measure used for tax purposes which
accounts for differences in natural and economic conditions. It gives a monetary measure of the potential
gross margin a farmer can earn form a particular plot. Capital stock is measured by end of-year value of
buildings, machinery, value of permanent crops and value of animal stock. It is converted into a constant
price quantity index by using a price index for capital investments in agriculture. Intermediate inputs include
expenses for animal production (feeding, veterinary, other expenses for animals), plant production (seeds,
fertilizer, pesticides), insurance, energy and other exoenses. It is converted into a constant price gquantity
index by using a price index for intermediates in agriculture.

Table 1. Descriptive statistics

Quality Quality

No. adjusted adjusted
Farms  Obs. Output land labor Capital  Intermed
Euro Euro Days/year Euro Euro
Conventional 142 595 min 4572 818 122 23590 2551
max 433292 144217 1285 741877 197958
mean 47703 13560 520 194402 22956
Organic 38 182 min 7508 2023 191 42287 3733
max 146098 71432 1115 794496 97504
mean 47252 15003 488 245231 20683

Source: own calculations based on Austrian farm accountancy data

Descriptive statistics in Table 1 reveal that organic farms produce on average a slightly lower output
(1%) by utilizing on average more quality adjusted land (11%) and capital (26%) and less intermediates (-
10%) and quality adjusted labor (6%).

4, RESULTS

Before we estimate the production frontier we apply some specification tests (Table 2). First of all,
Cobb-Douglas production technology is clearly rejected. Second, non-neutral technical change as
implemented in equation (2) is affirmed since formulations of neutral technical change and “no technical
change” is rejected. Third, constant returns to scale are rejected. Fourth, differences in the production
technology between conventional and organic are confirmed. Hence, the model to be estimated is exactly the
one outlined in equation (2).

Table 2. Wald tests on model specification

Hypothesis Test statistic Critical value (a=0.05)
No second-order effects (Cobb Douglas) 240.79 Z(Zlo) =1831
Neutral technical change 10.36 1(24) =9.49

No technical change 50.69 ;((26 y= 12.59
Constant returns to scale 90.57 ;((2 4)= 9.49

No technology differences 295.65 Z(Zs y=12.59

Source: own elaborations
LL for production function (fixed effects):187.45;
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Estimation results are presented in Table 3. First order effects are all significant and positive. About
half of the second order effects are significant. Organic production technology is significantly different from
conventional in regard to labor, intermediates and technical change. High and significant sigma and lambda

values confirm our frontier approach including technical inefficiency.

Table 3. Estimation results

Variable Coeff. Std.Er. Variable Coeff. Std.Er.
Xa 0.0991  0.0105 **  Xjt -0.0010 0.0044
X, 0.2334  0.0211 ** Xt -0.0226 0.0088 **
Xc 0.1591  0.0158 ** Xt 0.0129 0.0059 **
X 0.6208 0.0205 ** Xt -0.0001 0.0064
Xa2 -0.0456  0.0067 ** t -0.0101 0.0068
X2 -0.1618  0.0299 t2 -0.0081 0.0020 **
X -0.0334  0.0138 **  DXa 0.0285 0.0191
X2 0.0404 0.0141 ** DX, 0.0688 0.0351 *
XaXy 0.0059  0.0224 DXc 0.0232 0.0255
XaXc -0.0152  0.0148 DX, -0.0423 0.0236 *
XaX -0.0296 0.0161 * D -0.0120 0.0151
X Xc 0.1017 0.0303 ** Dt -0.0250 0.0071 **
XX 0.0393  0.0366 Sigma 0.3714 0.0086 **
XX, 0.0488 0.0222 **  Lambda 2.1725 0.1666 **

Source: own elaborations
*** indicate significance at the 5%, 1% level.

Technical efficiency scores are presented in Table 4. Interestingly, they are on average not very
different between organic (78.3) and conventional (79.2) production units. However, while they are
relatively stable for conventional farms, they are slightly decreasing for organic farms.

Table 4. Technical efficiency scores

1997 1998 1999 2000 2001 2002 all years

conventional mean 78.70 80.11 78.68 80.05 77.40 80.10 79.18
st.dev. 7.32 5.56 5.17 498 555 5.63 5.78

organic mean 7829 80.83 7876 79.37 77.03 75.62 78.33
st.dev. 7.51 5.80 6.77 739 7.95 8.39 7.42

Source: own elaborations

Table 5 present the scale efficiency scores. Conventional farms are on average significantly more scale
efficient (90.3%) as compared to organic farms (83.6%). This is mainly true to the fact that organic farms are
much more heterogeneous in regard to scale efficiency with much more farms exhibiting relatively low scale
efficiency. However, looking at patterns over time in Table 6 scale efficiency of conventional farms was
quite stable while it increased for organic farms which are catching up.
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Table 5. Distribution of scale efficiency scores

all conv organic

Mean 88.7 90.3 83.6
Std. dev. 11.7 10.5 13.8
Min 323 48.8 323
Max 100.0 100.0 100.0
% in group % in group

50-60 15 6.6
60-70 3.4 9.3
70-80 11.6 20.3
80-90 20.3 23.1

Source: own elaborations

Table 6. Scale efficiency scores

1997 1998 1999 2000 2001 2002

conventional mean 89.04 90.67 90.31 90.56 90.64 90.58
st.dev. 1233 1028 10.13 1015 990 10.46

organic mean 80.59 79.26 8165 8597 8722 86.19
st.dev. 16.84 1588 16.24 1091 9.66  10.87

Source: own elaborations

5. CONCLUSIONS

Scale efficiency is an important issue in the development of the agricultural sector. Average farm size
is still very low in most EU countries and in particular in Austria. However, on average organic farms in the
EU are considerably larger than the average conventional farm. This is not true for Austria where the average
size of a conventional and an organic farms are about the same. Beside adopting a new production
technology organic farmers also have to adjust to an optimal farm size which is not necessarily the same as
for an conventional farm.

Before this background we investigate the technical and the scale efficiency of milk farms in Austria,
the country with the largest density of organic farms in the EU. Our results reveal that organic farmers are
comparably technical efficient as conventional, when compared to their own production technology. Hence,
on average they were able to adapt to the new production technology and cope with it as good as their
conventional counterparts. However, they are significantly less efficient in choosing the right size of the
farm. The average scale efficiency is 4.5 percentage points lower. However, this considerably changed over
time. There is a clear trend to catch up in regard to scale efficiency.

REFERENCES

Aigner, D.; Lovell, K. and Schmidt, P. (1977). Formulation and Estimation of Stochastic Frontier Production
Function Models. Journal of Econometrics 6: 21-37.

Dimara, E.; Pantzios, C. J.; Skuras, D. and Tsekouras, K. (2005). The impacts of regulated notions of quality
on farm efficiency: A DEA application. European Journal of Operational Research 161. 416-431.

EC (European Commission) (2010). An analysis of the EU organic sector. Brussels.

Greene, W. H. (2005a). Reconsidering heterogeneity in panel data estimators of the stochastic frontier
Model. Journal of Econometrics 126: 269-303.

Greene, W. H. (2005b). Fixed and random effects in stochastic frontier models. Journal of Productivity
Analysis 23: 7-32.




1% AIEAA Conference — Towards a Sustainable Bio-economy: Economic Issues and Policy Challenges Trento, 4-5 June 2012

Jondrow, J.; Lovell, C.; Materov, I. and Schmidt, P. (1982). On the estimation of technical efficiency in the
stochastic production function model. Journal of Econometrics 19: 233-238.

Madau, F. A. (2007). Technical Efficiency in Organic and Conventional Farming: Evidence form Italian
Cereal Farms. Agricultural Economics Review 8: 5-21

Meeusen, W. and van den Broeck, J.(1977). Efficiency Estimation from Cobb-Douglas Production Functions
with Composed Error. International Economic Review 28: 435-444,

Pitt, M. and Lee, L.-F. (1981). The Measurement and Sources of Technical Inefficiency in the
Indonesian Weaving Industry. Journal of Econometrics 9: 43-64.

Polachek, S. and Yoon, (1996). Panel Estimates of a Two-Tiered Earnings Frontier. Journal of
Applied Econometrics 11: 169-178.

Sipildinen, T. and Oude Lansink A. (2005). Learning in organic farming — an application to Finnish dairy
farms. Paper presented at the Xlth Congress of the EAAE, Copenhagen, Denmark, August 24-27,
2005.

Schmidt, P. and Sickles, R. (1984). Production Frontiers and Panel Data. Journal of Business and
Economic Statistics 2: 367-374.

Tzouvelaks, V.; Pantzios, C.J. and Fotopoulos C. (2001a). Economic Efficiency in Organic Farming:
Evidence from Cotton Farms in Viotia, Greece. Journal of Agricultural and Applied Economics 33:
35-48.

Tzouvelaks, V., Pantzios, C.J. and Fotopoulos, C. (2001b). Technical Efficiency of Alternative Farming
Systems: The Case of Greek Organic and Conventional Olive-growing Farms. Food Policy 26: 549-
69.

Tzouvelaks, V., Pantzios, C.J. and Fotopoulos C. (2002). Measuring Multiple and Single Factor Technical
Efficiency in Organic Farming: The Case of Greek Wheat Farms. British Food Journal 104: 591-6009.




