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Abstract. The following paper summarizes existing literature dedicated to
efficiency and productivity of organic farming systems. We can distinguish
between studies that aim to compare conventional and organic farming and
studies that just model samples of organic farms. Sample selection issues
seem to be a major problem in some studies, since the organic farming group
is often relatively small. Also the structural difference between the groups of
organic and conventional farms within the data-sets is seldom discussed in
detail. Comparing organic and conventional farms, organic farms perform
slightly worse than conventional farms. The inclusion of a sample selection
model shows that the conversion to organic farming is not driven by
inefficiency. The degree of specialization does not seem to be optimal,
nevertheless the limits of specialization are not discussed in detail.
Environmental indicators are only considered in a few studies, which show that
organic farming might be more efficient when the environmental dimension of
production (such as landscape elements and diversity in the crop-rotation) is
taken into account. However, finding appropriate data sets with enough
observation for modelling is a problem in these analyses. Investigation shows
that technical efficiency depends on the farm focus and varies substantially
across the different regions in Germany. Technical efficiency during the
conversion period is lower, but converting farms achieve the same efficiency
level as established organic farms after 6—10 years.
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AHomauia. Cmamms nidcymosye icHyrouy nimepamypy, NpucesiyeHy eqek-
mueHocmi U npodykmueHocmi cucmem opaaHidyHoz2o ghepmepcmea. Mu po3pi-
3HAEMO OOCIIOXKEHHS, W0 Marmb 3a Memy MOPIGHSIHHS 38uU4aliHO20 i opaaHi-
4YHO20 pepmepcmea ma OOCMIOXeHHs, Wo Modemwowms nepexio 0o
opaaHiyHo20 thepmepcmesa. Bidbip npuknadie opeaHiyHO20 hepmepcmea ma-
6ymb € OCHOB8HOK MPObIIEMO0 8 OKpeMux OOCIIOXEHHSX, adxe op2aHidyHe
epmepcmeo yacmo npedcmasneHe O00CUMb HEBEJIUKOK KiNbKiCImMio 20Cro-
Oapcmes. Takox cmpykmypHa OugbepeHuiayiss MiX epyrnamu gepm, wo 3a-
timarombCsi OpeaHiqHUM | 3gudaliHUM chepmMepcmeomM, 8 paMKax Hasi8HoI iHgho-
pmauidHoi 6asu, pioko 0emarnbHO Auckymyembcs. [lopigHow4u epmu, wo
3aliMarombCsi op2aHiqHUM i 38udaliHUM 8UPOBHULMBOM 8CMAaHOB/IEHO HUXYY
eghekmueHicmb opeaHi4Ho20 hepmepcmea. Pa3om 3 yum mMoOesiro8aHHs1 no-
Kasye, wo nepexio 8i0 38uyaliHo20 00 OpeaaHiYHo20 hepmepcmea He € He
egpekmusHuUM. [pu UybOMy pigeHb crieuianisaujii He € eu3Ha4yaslbHUM YUHHU-
KOM, Xxo4a ObMeXeHHSI CmOCOBHO creuianizayii He OocridxeHi demaribHO.
Tinbku oKpemi AocrniOKeHHs1 po3arnsidaromb MOKa3HUKU 8riugy op2aHiyHo20
epmepcmea Ha HasKonuwHe cepedosguwie (enemeHmu naHowaghmy i ypis-
HOMaHImHeHHs1 cieo3miH). OOHaK, 36ip HeobxiOHOI Onsi MOOesIto8aHHS KifbKic-
HOI" iHghopmauii € npobrnemoro makoz2o MoloesntoeaHHs. LocrnidxeHHs1 nokasy-
tomb, WO MexHiYHa egeKkmuesHicmb 3anexums ei0 crieuianizauii cpepm i
3MIHHUX MOOeri 3anexHo ei0 peeioHie HimewduHu. TexHiYHa eghekmueHicmb
rnpomsieoM nepexioHo2o nepiody € HUXYor, ane ¢hepmu, WO mpaHchopmy-
tombCsi 8 opeaHiyHi, docsieatomb makoi echekmusHocmi sK | ghepmu, Wo dasHO
3aliMarombCcsi opeaHiYHUM 8upobHuUYymMeom, nicrisi 6—10 pokis.

KntoyoBi cnosa: TexHidHa eeKTUBHICTb, OpraHiyHe hepMepcTBO, ornsaa nire-
patypu

AHHomauyusi. Cmambsi MOObIMOXUBAEM CYUECMBYIOWYH0 1Umepamypy, rnoces-
WeHHyo aghghekmusHocmuU U pou3soouUmMesibHOCMU CUCMEeM 0peaHUYecKoeo
epmepcmea. Mbi pasnudaem uccredosaHUs, KOMOpbIe UMEM Mo Uerlb cpas-
HeHus1 06bIYHO20 U Op2aHUYecKoeo chepmepcmesa U uccriedo8aHuUsi, KOmMopbie Mo-
denupyrom repexod K opaaHudeckoMy cpepmepcmesy. Ombop npumepos op2aHu-
4eckoeo hepmepcmea o-eUOUMOMY Se/Isiemcsi OCHOBHOU npobnemol 8
omoeribHbIX uccriedosaHusix, 8edb OpaaHu4Yeckoe ¢hepMepcmeo 4Yacmo rpeod-
cmaerneHo 00Cmamo4HO HebobLUUM Koru4ecmaeoM xo3siicma. Takxe cmpykmy-
pHasi dughbchbepeHyuauusi mexxdy epyrnnamu goepmM, Komopble 3aHUMaromcsi opaa-
HUYECKUM U 0bbI4YHBIM chepMepcmeoM, 8 paMKax uMerowelcs UHgopMayUoOHHOU
6asbl pedko demaribHO Ouckymupyemcsi. CpasHugasi hepMbl, KOmMopble 3aHUMa-
romcsi op2aHU4eCcKUM U 0BbIYHBIM  POU3B0OCMBOM ycmaHoeieHa Hu3wasi 3g-
ghekmusHoCcmb OpeaHu4Yeckozo ghepmepcmea. Bmecme ¢ amum modesnuposaHue
rokasbieaem, 4mo repexod om 06bI4HO20 K Op2aHu4yecKkoMy ghepmepcmsy He
ser1s5emcs He agpcbekmusHbIM. [Tpu 3mom ypoeeHs crieyuanusayuu He sensemcsi
onpedensiowum akmopoM, Xomsi 0epaHUYeHUsI OMHOCUMEsIbHO crieyuarnusa-
yuu He uccriedosaHbl 0emarsibHO. Tornbko omoesibHble uccriedoeaHusi paccmam-
pusatom rfokasameriu 8rlusiHUSI Op2aHUYECKO20 ghepMepcmea Ha OKpYKatoulyto
cpedy (anemeHmbI naHowaghma u pasHoobpasue cesoobopomos). O0Hako, cbop
Heobxodumol Or1isi MOOernuUposaHUsi KonudecmeeHHoOU UHghopmauuu siersiemcst
rpobnemotli makoeo ModesnuposaHusi. MiccredoeaHusi rMokasbiearom, Ymo mexHu-
yeckasi aghghekmusHOCmb 3asucum om crieyuanu3dayuu ¢hepm U rnepemMeHHbIX
modenu 8 3asucumocmu om peauoHos [epmaruu. TexHudeckasi aghghekmus-
HOCMb 8 MeyeHue repexodHo20 nepuoda s8n9emcsi HUXe, Ho (hePMbI, KOmopbie
mpaHcgopMupytomcsi 8 opeaHudeckue, docmuearom makou aghghekmusHocmu
Kak u ¢bepMbl, Komopbie 0aBHO 3aHUMAKMCS Op2aHUYecKUM rpou3sooCcmeom,
rocrie 6—10 riem.

KntoueBble crnoBa: TexHu4eckas ahEKTUBHOCTb, OpraHnyeckoe epMepcTBo,
0630p nuTepatypbl
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1. Introduction

Organic farming in Germany and in the EU has developed to an
established branch of the food business with growing market share and
public attention. In the last century the organic farming system in
Germany developed from different methodological approaches. The
Demeter-movement influenced by Rudolf Steiner (1861—1925) started
in the 1920s on the basis of a philosophical approach. During the 1960s
and 1970s, some small farms in Southern Germany and Switzerland
followed the ideas of Hans Miiller (1891—1988) and Hans-Peter Rusch
(1906—1977) that were based on the development and improvement of
soil fertility. These farms founded the Bioland-Association. Some other
organic associations were founded during the 1980s such as Naturland
and Biokreis Ostbayern. Many farmers converted to organic farming lead
by the idea of nature protection and the efficient and sustainable use of
resources. Finally, after German reunification, many farms in the former
German Democratic Republic converted to organic farming supported by
EU agri-environmental schemes which were introduced with the
‘MacSharry-Reform’ of 1992 [1, 2]. Some of these farmers just tried to
save their farms by means of the organic support scheme, others joined
the organic farming movement in order to be more environmentally
friendly. In East-Germany there were other associations such as Gda and
Biopark that tried to promote the organic farming system for East
German farm structures and tried to set own emphasis. Finally the
organic farming scheme has been regulated by the European Union
which introduced the production regulation EU-VO 2092/91 in 1991
with a exact definition of the organic farming principles on the EU-Level,
updated by the production regulation EU CO 834/2007 [3].

In 2009 around 1.0 million hectares were under organic production
systems in Germany, which amounts to 5,7 % of the total agricultural
used land. The number of organic farms has increased to 22,000 (i. e.
5,4 %). The market share of organic food has been constantly growing
in the last years, and the a total revenue the 5.9 billion Euro accounts
for roughly 4 % of the total food market [4]. Organic farming seems
to meet consumer’s taste in Europe, but still there are concerns
whether organic farming can feed enough people and organise a
constant supply of food. This raises the question whether how organic
farming can achieve a similar level of technical efficiency than
conventional farming, which is not only interesting from the policy
point of view [5], but also crucial for organic farmers.

Organic farming systems give incentives to farmers to use scarce
inputs and natural resources in a technical efficient way. Due to the
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organic regulation EU CO 834/2007the production systems differs
from conventional farming, and other inputs are scarce than in
conventional farming (4 examples):

e The scarcity of nitrogen forces farmers to an efficient use of
organic manure and nitrogen fixed by clover. Animal fodder,
similarly, is scarce because of purchase restrictions. This forces farms
to maintain fodder-production for the animal, even if the purchase of
fodder-crops (such as corn or soya) would be less costly. The
principle of closed nutrient cycles on an organic farm increases the
importance of intermediate inputs that are produced on-farm.

e Chemical plant protection (with the exception of copper) and
mineral fertilizers are forbidden. Plant protection is technically done
by biological methods and more varied crop rotation. As a
consequence, specialization is only feasible to certain extent and the
very short crop-rotations (2 or 3 stages as typical in conventional
farming) are not possible.

e The organic production regulation promotes a more integrated
farming system. A study in the United States shows that on organic
dairy farms vertical integration produces substantial economies of
scope (in contrast to conventional dairy farms). There seems to be a
systematic incentive towards an integrated farming and against a high
degree of specialization [7].

e The stronger dependence on the availability of natural resources
in organic farming could, in general, lead to a higher variance of
technical efficiency scores in organic farming (as e.g. in [8].

Efficiency analysis in organic farming appears to be interesting for
several reasons. First of all, productions structure are expected to be
substantially different from conventional farming system and the possible
determinants of differences in efficiency could be different. Second, the
conversion period from conventional to organic farming (two years) is in
particular interesting, since e.g. in Germany yields in grain production
decrease to 53 % of conventional yields after conversion begins, but
finally stabilise after a few years [9]. Furthermore, farmers in conversion
have to build up knowledge and management capacity in a new
technology, which might suppress technical efficiency during the
conversion period, but help the farms to catch up in the long term. This
may justify conversion aids if increasing the number of organic farms or
the share of organic food production is a policy goal.

During the last ten years an increasing literature has investigated
efficiency and productivity of organic farming throughout Europe and
the United States. These studies contribute to the knowledge on
efficiency in different specific areas, but a comprehensive overview
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and summary on the complete literature is missing so far. In this
paper, we want to provide such an overview. We will therefore briefly
summarize the existing literature and identify joint results, topics and
conclusions. We took published journal articles and reviewed
conference papers into account, all to our best knowledge. The paper
is structured as follows: After the introduction in section 1, the two
main approaches of efficiency analysis are summarized in section 2.
The section 3 is dedicated to the results of studies. We distinguish
between literature focused on samples with only organic farms, the
comparative studies (conventional vs. organic), and special topics
such as the efficiency in the conversion period and the literature on
specialization issues. In section 4 the overall results are summarized
and discussed, conclusions are drawn.

2. Methods

Productivity and efficiency analysis in general relates inputs and
outputs in different model approaches, which all produce estimated
«productivity» or «efficiency» scores. Performance can be measured
within a group of decision making unit (DMU) at a point in time (cross-
section data) or over several periods (panel-data) [10]. There is large
number of technical and mathematical assumptions when applying
efficiency models, that cannot defined in detail here. But one of these
assumption seem to be crucial in the context of organic framing analysis,
the homogenous technology assumption, which states, that only DMU of
the same or at least a similar technology can be compared.

2.1. Data Envelopment Analysis (DEA)

The data envelopment analysis (DEA), described the first time by
Charnes et al. [11], is a non-parametric method to measure the
productivity and efficiency of a DMU based on linear optimization.
Efficiency according to DEA is defined relative to a frontier which is
estimated from the observations via an optimization condition
described below. This means that the best observed DMU define the
so called «best practice». We can distinguish between output- and
input-oriented models and between models that assume constant
return to scale (CRS) and variable returns to scale (VRS).

Given i decision making units (DMUi) with a matrix of N x [
inputs Xi and the M x/ matrix of outputs Yi, the goal of DEA is the
linear optimization of output per unit input (y/x).The model-outputs
are the individual weights for inputs and outputs x4 and vi. The output-
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oriented DEA-model in the primal form maximizes the overall
efficiency number Phi @for all DMUs and can defined as follows:

max ¢’

sodass : ikpny(pOy? (j=m+1l, m+2,., m+n) )
p=1

SRR <x’ (i =1,2,.m)
p=l1

fiir AP=>0 (p=12,..m)

The output of this model form is the overall efficiency figure Phi
@ and the scaling factor lambda A, which describes the individual
efficiency level of a DMU. The advantage of the DEA is the
straightforward interpretation and the ability to get results with less
observations. For DEA models it is not necessary to define a
functional form for the production function. Via bootstrapping
techniques, standard-errors and statistical testing is possible [12]. The
method also allows the application of so called «meta-frontier
models» that formulate a frontier for a subgroup (e.g. organic vs.
conventional farms) and a common frontier for both groups [13].

2.2. Parametric methods: Stochastic
Frontier Analysis (SFA)

The framework of Stochastic Frontier Analysis (SFA) estimates,
defines the frontier of output given inputs as ‘best practice’. Dating
back to Aigner et al. [14], SFA allows estimating firm-specific
technical efficiency conditional on the specification of a production
function and distributional assumptions for the composed error term.
A model might be compactly written as:

Yie = f(xjiz;B) 'exp{wit} with w, =v, —u, (1)
Yie = f(szz;B)'eXp{Viz — Uy 2

where output yif is the sum of agricultural turn-over and j inputs.
Typical inputs are costs of production, capital, labor and land. The
functional form specification f (-) should be sufficiently flexible in
order to avoid confounding technical inefficiency with miss-
specification. The translog functional form is used as a starting point.
B denotes the vector of coefficients for the translog specification. The
error wit has two components:

The first error term vitdepicts stochastic effects which are not
under the control of the farmer, such as weather, luck or unforseen
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events. It is assumed to be identically and independently normal
distributed: vit~iid N(0, ov2). The second error term, uit captures the
effects of farm-specific inefficiency; With respect of the distribution
of the inefficiency term, we can use different models such as the a
half-normal-, trucated-normal- or gamma-distribution [15].

For modeling the potential determinants of technical efficiency,
there different model-add-ons. Two of these models are the
‘heteroscedasticity-model’ [16] and the ‘technical inefficiency-model’
[17]. Tt is also possible to apply the meta-frontier approach in the
parametric estimation framework [18].

Also sample selectivity might be an issue in efficiency models,
since a certain group (such as organic farms) might exist due to
inefficiency before the process of conversion to organic farming. A
model of Kumbhakar et al. [8] introduces a model-part in the analysis
that models the potential determinants of conversion in order to avoid
selectivity problems (See chapter 3.2, page 8/9).

3. Applications and results of the empirical studies

Comparatively few studies investigate the technical efficiency of
organic farmsl, and most of these compare the productivity and
efficiency of organic and conventional farms.

3.1. Studies investigating efficiency on organic farming

Gubi [19] investigates the efficiency of organic farms of all types
in Germany with Data Envelopment Analysis (DEA) and Stochastic
Frontier Analysis (SFA). The data-set consists of bookkeeping data
from all farm types.

Farm profitability measures for organic farms and efficiency
scores are found to be strongly correlated. The SFA-model set-up
consists of a translog-production function with costs, other expenses,
labour, capital and land. From the typical set of variable, labour has a
high output elasticity of 0.22, confirms the result of Lohr and Park
[20], who find an income output elasticity of 0.35. We can conclude
that labour in organic farming has a higher output elasticity than in
conventional farming, estimated e.g. by Briimmer and Loy [21], who
found 0.03 for conventional milk-farms in northern Germany. The
results of the SFA-model show different efficiency scores in the farm

!5 0f 17 studies work exclusively with organic data-sets. This is most likely a reflection of the
lower share of organic farming in total agricultural output and the resulting scarcity of data-sets.
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specialisation. The following table shows the distribution of the
efficiency scores estimated with the SFA:

Table 1
SFA-EFFICIENCY SCORES OF DIFFERENT FARM TYPES
Farm type Obs. | Mean TE | Median TE | Std. dev. | Min max
Arable farms 256 0,84 0,89 0,113 0,49 | 0,98
Milk farms 456 0,77 0,77 0,102 0,46 | 0,99
Other grassland farms 78 0,78 0,87 0,175 0,32 | 0,97
Mixed farms 280 0,79 0,82 0,126 0,46 | 0,99

Source: [19]: p. 88

The result indicate that (taken into account the respective input-
output data) arable farming achieves the highest level of technical
efficiency. The ‘other grassland farms’ have a larger distribution
indicated by a higher standard deviation and a low minimum TE. Gubi
[19] also analyses the determinants of technical efficiency:

— The results for dairy farms in the SFA model indicate that
family labour, stocking density and area under production
limitations1 affect technical efficiency. Low stocking densities and
high shares of family labour increase technical efficiency, while
high shares of area under limitations had a negative impact on
farms technical efficiency.

— For other grassland farms, the shares of equity and of rented
land, the age of the farm manager and the share of agricultural income
are determinants of technical efficiency. High shares of equity and of
rented land have a positive, part-time farming and farm managers age
a negative impact on efficiency. Technical efficiency decreased over
time within the group of pure grassland-farms (n = 65) by 17.9 % p.a.,
but slightly increased within the group of specialised milk-farms
(n=456)by 1.2 % p.a. [19]: p. 117].

With respect to scale efficiency, the four groups seem to
perform differently: scale-efficiency on other grassland-farms is at
1.055, which assumes on average almost constant returns to scale.
The scale efficiency of the milk-farms is 0.851, although the
hypothesis of constant returns to scale could statistically not be
rejected [19: p. 119).

" In Germany some area falls under legal restrictions due to environmental laws. Ground-
water protection is the most important example which restricts the farmer to produce without
nitrogen fertilisation and without leguminous plants on certain area.
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Lohr and Park [20] investigate the technical efficiency of organic
farms in the USA using SFA. The influence of the farm manager’s
experience is studied by splitting the sample into farms with more
than five years of experience in the organic farming system, and farms
with less than five years experience. The authors find that efficiency
grows with years of experience in organic production. Sipildinen and
Oude Lansink [22] study dairy farms in conversion in Finland and
find that the learning process following the decision to convert to
organic farming takes about 6—7 years.

A study by Sauer and Park [23] on organic farms in Denmark
combines efficiency analysis with a probit model in order to estimate
the effect of subsidies on the market exit of organic farm in Denmark.
They could find significant differences in the farms’ technical
efficiency and slightly negative technical change for the farms over
the 3 observed years. The done investments and the amount of total
income had a positive impact of farm efficiency. Interestingly the
amount of externally earned income by family members had a
negative impact on farms technical efficiency. The study tries to
estimate the development of technical efficiency of organic farms
over time. The authors conclude that «considerable improvement in
efficiency took place in organic milk production in Denmark over the
total period investigated» [23]. Since the observed time period
includes only three years, it is still unclear if this development is
stable over a longer time period.

A study Lakner [24] investigates the regional distribution of
technical efficiency on organic grassland-farms using a model that is
similar to the one in Briimmer and Loy [21], i.e. a SFA-model with
‘technical-inefficiency’ and ‘heteroscedasticity-model’. The results
indicate that technical efficiency is especially high in southern
Germany, whereas the East German farms are rather inefficient. There
is evidence, that agglomeration effects (measured in regional
concentration of organic farms and in the concentration of organic
dairies) and a regional socio-economic environment influence
technical efficiency of organic farms.

3.2. Studies comparing efficiency
of organic and conventional farms

Most of the studies in this category work with data-sets which
contain in general a large-group of conventional farms and a small
subgroup of organic farms (Figure 1):
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In a case of such uneven distribution in the sample, the results
might be biased due stochastic effects. Besides distributional issues,
the questions of how the sample was constructed is seldom discilssed
in detail. Usually, organic farms have a different farm structure™ and
grassland- and mixed farms dominate the sample, whereas in
conventional samples, the share of arable and meat-producing farms is
higher. If the group of organic and conventional farms cannot be
compared with respect to farms structure, efficiency differences might
stem from structural differences. A framework for comparing organic
and conventional farms was originally proposed by Offermann and
Nieberg [25] and estimated using official statistics in Germany.
Mayen et al. [26] use a propensity score matching model to identify
comparable organic and conventional farms. Therefore, the results of
that study cannot be biased due to sample effects and gain a lot of
credibility compared to other efficiency studies. Tiedemann and
Latacz-Lohmann [27] use a similar technique to compare total factor
productivity of organic and conventional farming. The authors point
out that selectivity issues due to unobserved characteristics cannot be
avoided with matching models.

One important difference in the field of the comparative studies is
the question whether organic and conventional farms are estimated in
one model or separately in an organic and a conventional model. In
the joint model-approaches one option is to estimate the efficiency of
an organic farm with respect to the conventional frontier, which
models a case of a reconversion to conventional farming.

As an example of this approach, Kumbhakar et al. [8] investigates
the productivity differences between organic and conventional milk-
farms in Finland taking into account the selectivity problem. The
authors used a SFA-technique combining a Cobb-Douglas production
function with an inclination to adoption, which in their model-
framework depends on animal density, past adoption decision,
experience, subsidies and finally the efficiency of the farm. According
to the authors the adoption of organic farming techniques is rather
influenced subsidies, animal density and subsidies. The efficiency of
the farm does not affect the farmer’s decision to adopt and does not
cause a selection bias. The mode results show that organic milk farms
could produce 5,3 % more output by producing in the conventional
farm system, i.e. if they would reconvert. Mayen et al. [26] used a
matching model to find an comparable organic and conventional

'Typical are more potatoes and fruits and vegetables in the crop-row, more suckler cows
and a higher grassland share, less corn and sugar-beet and pig- and hen-production.
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farms. The authors come to the conclusion that the organic technology
is 13 % less productive than the conventional technology.

Tiedemann and Latacz-Lohmann [27] compared conventional and
organic farms using the Malmquist-Index model. For this purpose the
authors identified comparable farm-pairs with matching techniques.
Afterwards a SFA-model for grassland, arable and mixed farms was
applied. The results clearly indicate that a common either between the
farming systems or between the farm types (arable, grassland and
mixed) cannot be justified. Modelling these farms in a joint
production function therefore produces results with a restricted
validity. The result of the Malmquist-Index show that there are no
significant differences in total factor productivity between 1999 and
2006. The organic farms had a slightly higher productivity at the
beginning of the observed period, but they could not keep the level of
productivity. The authors explain this with lower technical efficiency
and missing use of scale effects [27].

Sauer [28] applied a generalized Leontief distance function for
organic and conventional milk farms in Denmark. In 1998 a new
trading model to exchange milk-quota between farms was set in force,
the main research-question of this study the reaction on this
deregulation measure. Sauer does not find any significant efficiency
differences between the two farming systems and the increased
allocative efficiency following the deregulation on the milk-market is
similar in both conventional and organic farm systems.

Turning to those comparative studies that separately estimate
efficiency among groups of organic and conventional farms,
Karagiannias et al. [29]o - _ENREF_22 find organic milk farms in Austrla
have a 3.4 %-points lower efficiency than conventional milk farms,
Madau [30] found organic cereal farms in Italy to be 6.7 %-point less
efficient than the conventional group of cereal farms. Both results show
that organic farms are less efficient with respect to their own production
frontier. Nevertheless these estimation results cannot be directly
compared, since both TE of farm-group were not estimated jointly. In
contrast, Qude Lansink et al. [31] find that organic crop and livestock
farms in Finland are closer to their frontier but use a less productive
technology. Tzouvelekas et al. [32] analyse organic olive production in
Greece and find that in relation to their own production frontier organic
olive farms are technically more efficient than conventional olive farms.
But also these studies estimate efficiency of organic (conventional) farms
in relation to the ‘organic (conventional) frontier’.

The results of the studies, that organic farms are on average less
productive, do not surprise because organic farming system imposes
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restrictions on the use of inputs. If these restrictions did not imply that
farmers have to switch to a less productive technology, they would lose
their binding character, and farmers would likely adopt organic farming
practises even without specific support. If the use of natural resources
and the production of positive externalities could be easily included in
efficiency comparison of the systems, the result might be different.
Comparing organic and conventional farming requires an appropriate
selection of comparable farms [25] and some kind of joint estimation
techniques. However the problem of sample selection has been ignored
by most studies; [8, 26, 27] and [26] are positive exceptions.

3.3. Technical efficiency in the conversion period

The development of technical efficiency during the conversion
period has been the focus of some studies, too. The above mentioned
studies of Lohr and Park [20] and of Sipildinen and Oude Lansink
[22] are focused on the role of farmers experience in the conversion
process. In both studies, the organic farms with experience more than
5 years are more technical efficient. A study by Lakner [33] on
organic grassland-farms in Germany finds significantly lower
technical efficiency of farms during and after the conversion process
of 2 years. In the years after the conversion technical efficiency is
constantly increasing, reaching a similar efficiency level after 6—11
years (see Figurre 2).
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Figure 2: Technical efficiency scores for converting farms
in the first eleven years after conversion Source: [33]
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Besides the quoted results, there exist other drivers for the decision
to convert. Many studies investigate the attitude of farmers towards
organic farming. Economic reasons such as efficiency are quoted very
often, but there are other reasons. Among these political attitudes or
ecological concerns might play an important role [34]. Hollenberg
[35] argues that the decision for organic farming is strongly influenced
by the personal attitude of the farm manager towards the new farming
system. ‘Willingness to learn’ and ‘risk-behaviour’ as drivers for or
against conversion [36, 37] could be added to the list of attitudes that
influence farmers decision to convert. These factors are not
consequently taken into account in the existing efficiency literature.

3.4. Allocation topics: optimal specialization
and optimal choice of production system

One study investigates the degree of optimal farm specialisation on
organic mixed and specialized crop-farms using a ‘DEA Wjndow-
Analysis’ [38]. The sample is split into 3 specialisation classesl. The
efficiency is measured in relation to the frontier of the own specialisation
class and in relation to the frontier of other specialisation class. The
authors find a significant part of farms that could perform better with a
specialisation within another farm specialization2. Applying the optimal
specialization class model results, the group of mixed crop farms (class
3) would be some 15-32 % smaller and the medium specialized farms
(class 2) 8—25 %, which shows that organic crop-farms could gain
productivity by specializing. Farms of the specialization class 3 (class 2)
could increase their productivity by 13,4 % (15,4 %) by switching to a
higher specialization. The productivity increase of farms of class 1 by
switching to lower specialization is just 8,7 %. Around 44—54 % of the
farms are found to be in the optimal specialization-class [38]. Although
the authors mention the integrating factors of organic farms (crop-
rotation, balanced labour-input and a lower risk), they do not critically
discuss, whether such a ‘mathematical specialisation strategy’ in organic
farming is applicable in reality, without taking into account the available
natural resources and the restrictions e.g. due to a wider crop rotation (see
the introduction).

Finally, Breustedt et al. [13, 39] use a DEA meta-frontier approach
to analyse whether farmers have adopted the optimal farming system

! Class 1 is creating 90 % oft he revenue from crop-farming, class 2 70-90 % and class 3
less than 70 %
E.g. mixed farms, who should rather specialise in arable farming and vice versa.
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under different policy scenarios. In contrast to former studies, organic
dairy farming in Bavaria is found to be 3 percentage points more
technically efficient than conventional farmer and that 68,6 % of the
organic farms have chosen the most profitable farm-system. But still,
around 31,4 % of the organic farms should reconvert to conventional
farming from a productivities point of view. By switching to the other
technology, organic (conventional) farms could increase their
productivity by 5 % (7 %).

The authors introduce policy scenarios where the milk-quota and
the payment for organic farming is abolished. The share of organic
farms that should reconvert, is increasing with the abolishment of the
organic payment or the milk-quota. On the other hand, the modelling
approach shows, that round 22,1 % of the conventional farms in the
reference scenario should convert to organic farming systems. This
matches empirical findings by Sanders et al. [40], who asked organic
farmers in 2009 to give a subjective estimate on their economic
situation under conventional farming. 8 % of the organic farmers
estimated their profit to be higher and another 16 % of the organic
farmers stated in the interview, that the profit wound be the same
under a conventional farming regime. Breustedt et al. [13] also discuss
other economic barriers for adoption of the ‘optimal farming regime’.
Also in this case, the limitation of switching farm regimes (i.e.
environmental and transaction costs) are not discussed in detail.

3.5. Environmental efficiency of organic farms

Organic farming provides many environmental services and
reduces negative externalities [41]. Since the protection of the
environment is one of the objectives of organic farming, an
appropriate representation of farm-efficiency could also be
environmental efficiency. Most of the efficiency models comparing
organic fnd conventional farming do not include environmental
variables™ which could represent a part of the objective function of an
organic farm. Especially for policy and sustainability issues, this type
of analysis could be helpful in order to identify farming systems that
meet the demand of society for sustainable and environmental friendly
farming.

Dreesman [42] gives a very detailed overview on methods and
theories on the assessment of economic and environmental efficiency.
A part of his work deals with three applications on organic farming by

'This was originally mentioned by Oude Lansink et al. [31]
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means of a Data Envelopment Analysis. His analysis uses data from
58 organic milk-farms in Luxembourg in 1999 and 2000. The data-set
consists of standard input-output-data and of information on nitrogen-,
phosphorous- and energy-use of the farms. These three variables were
treated as ‘unwanted environmental inputs’ (see [42]. Both model
approaches, SFA and DEA are applied.

— In the SFA-model, phosphorus has a negative impact on output
and the other two environmental inputs do not show a significant
impact on the output. The results of the technical effects model
suggest that a high share of milk-production in total revenue (i.e.
specialized farms) increases environmental efficiency.

— The DEA-model suggests that energy is used more intensively
in the production process and has a larger impact on technical
efficiency than the environmental indicators ‘nitrogen’ and
‘phosphorus’.

— Finally, a tobit-model basing on the DEA-results estimates the
determinants for technical efficiency. According to this analysis,
animal density decreases environmental efficiency, which makes
intuitive sense. However, a high grassland share or high land
availability has a slightly significant and positive impact on
environmental efficiency.

The organic milk farms in Luxembourg in the data-set seem to
work more intensively than e.g. organic farms in Germany. E.g. the
nitrogen balance shows a surplus of on average 137 kg N/hat and the
average animal-density lies at 1.6 animal units per hectare= Besides
that, the data-set has a limited number of observations which
highlights the need for more in-depth analysis with broader data-sets.

Kantelhardt et al. [44] investigate the technical and environmental
efficiency of farms using different agri-environmental programmes
(AEP) in southern Bavaria. The data-set consists of 102 farms that
participate in AEP, in the organic-farming scheme or who do not
participate (conventional control-group). Five types of efficiency are
taken into account, the pure constant and increasing-returns to scale
efficiency, economic efficiency without AEP-payments and standard

! The average nitrogen surplus of all German farms (conventional and organic) is around
105 kg N/ha in 2007 (German Federal Environment Agency, Daten zur Umwelt 2011, Umwelt
und Landwirtschaft, in Daten zur Umwelt, German Federal Environment Agency
(Umweltbundesamt), Editor 2011, German Federal Environment Agency (Umweltbundesamt):
Bonn). Nevertheless, a part of this difference might also stem from different calculation meth-
ods in the nitrogen-balance.

The average density of organic grassland-farms in German in 2000 is 1.28 animal units /
hectare (own calculation according a data set form LAND DATA with 211 observations in
2000).

26



and ‘sustainable’ environmental efﬁciencyl. The input and output
variables represent the standard efficiency variables such costs,
capital, area and land as inputs and revenue as output. The variables
‘Low-intensively used area’, ‘area covered with landscape elements’
and ‘nitrogen use’ are introduced as environmental variables. Figure 3
presents the result of both economic and ecological efficiency:
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Figure 3 Comparison of economical and ecological efficiency
of different farm types using agri-environmental programs in Bavariasource:
own elaboration using the results of [44]

The results show that the organic farms and the farms with
diversified arable land a lower efficiency without the AEP-payments.
The results of the environmental efficiency suggest that taking into
account externalities, the participation in AEP seems to be favourable
since the farms that did not participate loose their advantage and
achieve the lowest efficiency scores. Economic efficiency is not
positively correlated with environmental efficiency. According to the
authors the organic farms seem to succeed to combine environmental
and economic efficiency. Although organic farms perform well in
both categories, the number of farms is too small to draw reliable
conclusions. The approach seems to be one way to address the
problem of neglected externalities, but the comparison of the TE-
scores of both models is not unproblematic, since it is not clear if
scores can be compared 1:1. And the study does not perform any

! According to the authors it ,,makes no sense, to for example to protect soils but spoil
groundwater* [44: p.6]. ,,Sustainable Ecological Efficiency* therefore restricts the DEA-model
to a minimum output of 10% of each environmental output category.
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bootstrapping technique in order to produce statistical evidence of the
results.

4. Discussion and conclusions

A number of joint key conclusions can be derived from the
empirical literature on the efficiency of organic farms:

— Organic farms show a slightly lower productivity,
nevertheless, the efficiency and productivity differences are not as
high as e.g. the differences in yields (see e.g. [9]. Efficiency is an
important topic for farms’ success, since there is a significant relation
between efficiency and farm-success [19].

— Many studies do not discuss the selection of data and the question
why farms decide to convert to organic production. Since factors that
influence the conversion decision might also influence efficiency, there is
a danger of selection bias in empirical studies. Hence, more attention
should be paid to sampling issues in future studies.

— The available studies also show that allocation decision on
organic farms might not always be optimal and that there is still scope
to specialize and choose the optimal production programme. But
besides these findings a lot of analyses do not discuss the limitation of
allocation on organic farms within the regulation framework.
Technical Efficiency in general is a topic which can also be discussed
within the logic of the organic farming systems.

— The topic of environmental efficiency has been analysed in a
few studies, but these have the character of case studies and cannot
yet be generalized due to data constraints. Studies from California
[45] and Norway [46] using integrated economic-ecological analysis
show that organic farming systems can have a better economically and
ecologically balance. This might also be the case in terms of
integrated efficiency studies using both economic and ecological
indicators. Especially from society’s point of view, environmental
efficiency is interesting in order to identify adequate policy measures.
Finally, there is still need for more reliable and detailed data sets and
more research in the field of environmental efficiency.
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AGRICULTURE MARKET INFORMATION
INFRASTRUCTURE IN UKRAINE: PERSPECTIVES
OF DEVELOPMENT

AHomauia. Y cmammi po3ansidarombcsi akmyarsibHi MUmaHHs po38umky azpa-
PHO20 PUHKY wiisixom po3bydosu iHghopmauitiHoi iHgbpacmpykmypu. [lporio-
HYyemMbCS WX PO3BUMKY PUHKY Yepe3 HadaHHs 06ekmueHOl iHgbopmauii npo
uiHU ma obcsizu ma 3abe3sneyeHHs it docmynHocmi Orisi 8CiX y4aCHUKIG PUHKY.
KntovoBi cnoBa: ujHa, arpapHuii pyHOK, pyYHKOBa iHdbopMmalis, iHopmauinHa
cuctema

AHHOmauyusi. B cmambe paccmampugaomcs akmyaribHble 80poChbl pa3su-
musi agpapHo20 pbiHKa Mymém pa3sumusi UHGhOPMaUUOHHOU UHghpacmpyk-
mypel. [pednasaemcs nyme pa3gumusi pbiHKa criocobom npedocmasnieHusi
o0bbekmueHoU uHgbopmayuu rnpo yeHbl u obbeMbl U obecriedeHue eé docmyri-
Hocmu Orisi 8Cex y4acmHUKO8 pbIHKa.

KntoueBble crnoBa: LeHa, arpapHbIii PbIHOK, pbIHOYHAsi UHopMauusi, NHop-
MauMoHHas cuctema

Annotation. In the article the actual problems of agriculture market
development by way of creation of information infrastructure is reviewed. The
authors propose the way of market development by means of giving the best
possible information on prices and volumes and providing of such information
to all of the market participants.

Keywords: price, agriculture market, market information, information system.
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