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Abstract:

This paper explains regionally differentiated patteof structural change based on a
theoretical framework dealing with strategic intgran of farms on the land market.
The main research question focuses on the causesgimnally persistent structures.
An empirical Markov chain model is defined for th&est German agricultural sector.
Thereby it is possible to explain the probabilitmfsfarm growth, decline or exit in
terms of the current and former regional farm speicture. Further, the impact of
variables describing the regional farm structuheréby indicating market power of
the large, the potential of high competition fondawithin a region and possibly high
rents of the status quo in combination with sunistspis quantified. The results
confirm the relevance of strategic interaction asracial determinant of regionally
different structural change and persistent regioddlerences in the farm size
structure over time.
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1 INTRODUCTION

A frequently observed phenomenon in the agricultgesctor is that farms persist in a
specific size category (Balmann, 1997; Boehlje 199Zonsequently persistent
differences in regional farm size structures, asirigstance between the North and South
of West Germany are observed. In northern Germamginly large scaled farms exist
whereas the southern structure is characterizeshiall scaled farms. These phenomena
may be summarized by path dependency (Balmann,)1®®general, such reluctance of
farms to exit or to grow is explained in the relewhterature by sunken investment costs
(Balmann et al., 2006), uncertain future revenuébafas, 1994) and the presence of
imperfect markets for labour and/or capital (Hule@eal., 2007). These factors cause a
rent of the status quo and cause a range of wimax&ivity is optimal. Generally, these
issues impose economic restrictions on single fasath that reluctance to grow, decline
or exit is a result of economically ‘correct’ behawr (Balmann, 1997).

From a more general perspective, initial difference the farm size lead to different
organisation structures of farms (Ciaian and Swmr2Z008; Foltz, 2004). For instance,
divergent opportunity costs induce different loogtima with respect to scale efficiency.
Thus, persistent regional differences may alsoxXptagned by differing initial conditions.
These persistent differences in the farm size sirecare further accompanied by
differing patterns of farm growth. Likewise, diffeg regional processes of concentration
and de-concentration with respect to the numbdaiohs in respective size categories are
observed (Glauben et al., 2006). For instance ptitenomenon of a disappearing middle
class has been detected in some regions (Weis9).199

Therefore, the presence of the more or less staidee of small farms and the particular
role of them within structural change is still amgma. It is commonly known that the net
farm exit rate strongly depends on the currenteslofiismall farms’ exit rate. However, to
our knowledge, the literature does not provide eaclexplanation whether small farms
represent a transitory state or a stable size oagegith the ability to survive motivated

by considerations other than current profits. Snfatins may also benefit from low

opportunity costs of fixed factors due to sunk so$turther, the shadow price of labour
mainly determined by off-farm work opportunitiesasimportance (Roeder et al., 2006;
Goetz and Debertin, 2001). Thus, we expect thasttege of small farms plays a crucial
role in the regional structural evolvement.

A exclusive focus on isolated behaviour of singénis does not suffice in order to
explain the different patterns of regional struatuchange. Quite the contrary, the
continuous interaction among agents and failuresomfrdination need to be taken into
account. The interconnectedness of farms is welleasented on the regional land market.
Land is the most important production factor foowth, because without land farm

growth is only possible to a limited extent. Themwbility and shortage of this factor

causes a strong interdependence of farms withiegéon. The shortage of production
factors such as land increase the competition anfangs (Chavas, 2001). Due to this
interconnectedness of farms, it becomes obviousttiereluctance of one farm hinders
growth of other farms as shown for instance by WdiE999), Harrington and Reinsel



(1995) or Balmann et al. (2006). Only few studiesldwith strategic competition among
farms. The influence of market power on land tratisas is shown with respect to very
large farms in Hungary (Vranken and Swinnen, 200%he long lasting continuous
interaction between participants as for instancewsh by Kellermann et al. (2008) or
Hurrelmann (2005) influences the character of #trategic behaviour. Since experiences
shape expectations, these keep the developmentnwilite once selected path and
regional path dependency results. As a result,féinens’ development depends on the
initial structure and the farm size distributionthe regional level. Therefore we expect
that strategic competition on the land market key element to understand the dynamics
of regionally differing structural change.

The resulting endogenously evolving heterogenestyfurther affected by exogenous
factors. Thereby two principal mechanisms that dowte farms’ behaviour can be
differentiated: (1) The harmonising effect of mamronomic conditions affects all farms
in the same manner and enables a parallel develpnoé farms. (2) The
counterbalancing competition effect differentiatkes reaction of farms according to their
different strategic options.

Analyses and explanations of regionally differetgthpatterns of structural development
are so far mainly based on ad hoc assumptions.ikVitiis work we make use of existing
theoretical models to identify the interaction amdiarms on the land market and the
respective impact on farm growth, decline and eKie aim is to show how the identified
region-specific interactions can explain regionaliffering structural evolvements. Based
on these theoretical considerations, our aim iglémtify empirically differing dynamics
of regional structural change. The crucial hypothélkat these patterns rely on strategic
interaction of farms on the market for land is afime be tested empirically. We rely on a
Markov chain model to calculate individual farm nesvbetween defined size classes
from now available farm individual data from theriggltural census. In a further step, we
aim to explain the moves’ probability at the NUTBIevel by historical and actual
distribution of land among farms and additional geoous factors.

The remaining part of this paper is structured @kws. We start with a sketch of the
relevant theory, followed by the hypotheses. Thepieical model is explored
subsequently, followed by the application to thesv&erman agricultural sector. The
discussion of the results and the conclusion finsa paper.

2 THEORETICAL BACKGROUND AND HYPOTHESES

Balmann (1997) stressed the relevance of path dipery for the development of
agricultural structures. For the microeconomic matiion of this argument, often single
farm level theories like hysteresis or sunk cosisehbeen used (Balmann et al., 1996;

" Further details can be found for instance in Aetial. (2006).



2006). These arguments do not suffice to explaffedng behaviour of comparable farms
in different regions, a phenomenon that can be sarz®d as regional path dependency.
In the following we stress the importance to coasitheinteraction of farmers. The
issues of strategic interaction can be handled &ignwithin the theoretic framework of
strategic competition of microeconomics. Classioldfopoly theory offers a starting
point to analyse the interaction among farms on ltrel markef. Strategic behaviour
results from the existence of status quo rentssélege caused for example by sunk costs
and organisational adoption to the existing farmcure, causing low opportunity costs.

Given that the land market is oligopsonistic, tivegke demander directly influences the
price of land. If there is no short-term technioal organisational restrictions implying
constant returns to scale, the same market equifibras in the polypsonistic market
would result. In this case of constant marginaldoieis of land we would expect price
competition, known as the Bertrand competition @&wials a situation, where land is
traded in an auction and distributed by competitading (Varian, 1992, p. 292). As in
the polypsonistic market in the Bertrand equililbmidand rents will go to land owners.
This is often assumed in agricultural economica{&i and Swinnen, 2008).

However, in the agricultural sector, we expect dishing returns to scale at least in the
short or medium term due to existing market impe&iéns. Thus, the rule that the
marginal cost of land should equal its marginalduction value dictates the demanded
guantity. Since a higher demand raises the pricddiod, the farmers react with lower
demand towards anticipated rising demand of othdfsfarms act rational and
expectations are symmetric a Cournot equilibriusuhes (Varian, 1992, p. 286). Farms
grow less than they would in an environment witihc@rcompetition and the price for
land is lower. From this scenario, we deduce fingt hypothesis:f land is distributed
equally between farms, we expect a constant but glowth for a considerable share of
farms which is accompanied by a rather low exit iliph We deduce as aecond
hypothesis:Sunk costs and high capital intensities raise seoft the status quo. Hence,
we expect an even more pronounced passive behaofdarms on the land market. This
holds in particular for regions characterised by capital intensive production, e.g.,
livestock production.

If we assume diminishing returns to scale and atsame time farms are heterogeneous
due to historical reasons, one can justify the mgdion that one farm follows the strategy
of quantity leadership, while others abandon thpdiom (Varian, 1992, p. 298). The
irreversibility of investments is important in thatallows the quantity leader to signal
believably the strategy of inevitable growth (Woerkr, 2007, p. 22). Therefore, quantity
followers assume an inelastic reaction of quank&gders. They reduce their demand
stronger than in the case of a Cournot equilibridrso-called Stackelberg equilibrium
results (Varian, 1992, p. 296). From this scenasie,deduce outhird hypothesisif only

® In models concerning strategic competition theesajuantity is restricted. However, in markets lford
the sources are limited and restrict the expansfgeroduction capacities. This has to be considered



few large farms exist in a region, these are exped¢d grow rather rapidly. At the same
time, the smaller farms grow even less, causingetfect of a “disappearing middle”.

So far linear reaction curves have been assumeweider, under rents of the status quo it
seems more plausible to assume non-linear reactiores. A quantity leader has to pick
his optimal demand for land with respect to the-tinear reaction curve of the quantity
followers. Thereby different scenarios are possible

(1) The quantity leaders raise their demand moderaldigy can expect the follower to
lower their demand, albeit a little beyond the riselemand.

(2) A further extension of demand in the presence atustquo rents might not cause a
further reduction of demand on the followers’ sidéis would be a threat for the
farms’ stability and therefore for the realisati@instatus quo rents.

(3) If the quantity leaders expand their demand fodlamen further, a strong reaction
of the followers might be expected: the followensd trust in the midterm-stability
of their farm due to the jeopardised competitivenea the market for land. As a
result, the followers switch their role towards pliers for land and this relaxes the
situation on the land market.

Due to the diminishing returns to scale and impsrfearkets for labour and capital the
quantity leader is expected to be restricted witspect to his individual growth strategy.
If a group of quantity leaders simultaneously raises demand, a strong reaction as
depicted under (3) is expected. Based on that, educk ourfourth hypothesisif in
regions with few large farms in times of favouralleonomic conditions these farms
simultaneously raise their demand for land, thegmhiclear the market for land. For
these regions in favourable economic condition$igh exit mobility for smaller farms
and a high upward mobility for larger farms is exped. The last hypothesis deals with
different historic farm size structures. Accorditogour fifth hypothesisn regions with a
restricted number of small farms, growth of farmssréstricted initially. In years with
favourable economic conditions, though, the mafketand can be easily cleared. This
results in a higher mobility that fosters a furthdifferentiation of medium farms.

3. THE EMPIRICAL MODEL

In this chapter, we describe how we attempt to test hypotheses. In a first step, we
analyse the transitions between the size categasig a Markov chain model. Based on
the transition probabilities we aim at testing tbdependency on several structural
variables in a second step.

3.1 The Markov Chain Model

We refer to an intertemporal value function maxiatian approach. It is assumed that a
representative farm maximizes its expected utidgr an infinite planning horizon. The
usual constraints involve agricultural productiomcome and uncertainty of future



revenues. Based on such a model it can be showasupred that all farms behave
according to this optimal stochastic control probjehat the development of the farm
size structure within a region could be characeatiby a Markov chain (Stokes, 2006).

The Markov chain model characterizes a stochasticgss in terms of a sequence of
random vectors that have the Markov property. Thewkdv model is defined by a set of
states, i.e., the size classes, and the respetiawsition probabilities. The transition

probabilities reflect the probability of a farm toove from one size class to another
within one period or alternatively to stay. Suchvae reflect farm growth, decline, exit

or persistence in the respective size category. Wteekov chain approach allows

investigating responses at the micro level in agragate manner without directly

modelling them. It combines growth, decline andteai farms and allows further

analysing the interaction among farms within a geéned region.

We assume that firm size in the agricultural seatan be divided into three size
categories measured by land and an additional atggory. Time is indexed hy the
regions byi and the respective size classes at tirieandt are denoted bj=0,1,....J and
j'=0,1,...J. The vector of the regional farm size distribut@ntimet is described by the
farm size distribution at time1 and the probabilities of each farm to move frone size
class to another or to stay. The Markov chain maslgiven by

J
Ng.=>. Ny O 1=0,...,J (1)
i=1

where ny; denotes the number of farms in thj€ category at time in regioni where
i =1,...,N andt=1,....,T . The probability of transition from size clagsat timet-1 to size

j" attimet is denoted byp,.; all probabilities fulfil the following properties

J

2Py =1 Oi=1..N (2a)
j=0

and

O0<p; <1 (2b)

The maximum likelihood estimator of the transitimmobabilities coincides with the direct
derivation of the probabilities if the individuatansitions are observed (Gourieroux
2000). The resulting regional transition probapilinatrices are subject to further
analysis. We derive mobility indicators to test tbee presence of regional differences.
These are explored in the subsequent section.

Further, we assume that the transition probabglita@e non-stationary. The used data
allow to derive regional transition probabilitiesr ftwo periods (1999-2003; 2003-2007).
The long-term time dependency is approximated by tise of the initial regional
structure as explanatory variable. The multinonogit formulation allows to express the



log of a ratio of probabilities as a linear functi@f the explanatory variables. The
Markov chain model hag sets of probabilities, one for each row of thensition
probability matrix (MacRae, 1977). Thus, there drgets of ratios whereby the transition
probability from the last column ¢t is used as the denominator. Thus, the large catego
is chosen as the respective base category. Additigrwe add an error termy; with
zero mean and finite variance to account for disnces that are not observable.

|09(ﬂ] = Zitlgjj' Ty (3)

where Z, denotes ak by TN matrix of explanatory variables,j=0,1,...J -],
j'=0,1,...0-7%1i=0,1,...N andt=1,2.

The use of the log odds ratio maps the range oktidogenous probability from a zero-
one interval to the range of minus infinity to plirdinity for the log odds ratio. The
equations expressed in (3) are then estimated usinmtion by equation OLSThe
estimated parameters in theby J-1 vector S;. denote the impact of the respective
explanatory variables on the log odds that thesitaon probability in regioni from
category toj’ relative to the move fromto J.

3.2 Mobility Measures

The TPMs reflect a certain degree of farm mobibixer the size classes (Jongeneel and
Tonini, 2008). However, to compare the results we mobility indices, which map the
mobility information inherent in the TPM into a $aa metric. Referring to Shorrocks

(1978) an overall mobility indeM° is defined as

MY =[3 -t {P®}]HQ -] (4)

where tr{P(t)} denotes the trace of the transition probabilitytnwa If there is no

mobility the TPM would be an identity matrix ancettrace of the TPM would be equal to
J. In this caseM " would be equal to zero. In case of perfect mogill " is equal to

one.

In order to be more precise with respect to theaion of mobility changes, we refer to
Huettel and Jongeneel (2008), and use three furthebility indicators that allow

decomposing the mobility into upward, downward aexit mobility. These can be
interpreted as shares of the overall mobility anchsup to one. Probabilities in the lower
(off-diagonal) triangle part of the TPM indicatewdoward mobility. In contrast, the upper

® We refer to SAS Proc Syslin.



triangle represents upward mobility. The aggregeatd the diagonal mobility elements
gives a sum, which is exactly equal to the aggedjaalue of all off-diagonal terms. This
sum of the mobility part of the diagonal is used asdeflator’ in the upward and
downward mobility indices (Huettel und Jongene@®).

The upward mobility indexM; is defined as

-1
wy :[zz oy Hza— y o} 5
I j

If there is full upward mobility and no downward bility the index would be equal to
one, since the sum of the upward triangle prob@aésiof the TPM would than exactly
equal the sum of the mobility part of the diagoel@ments. If there is no upward mobility
the index would be zero since then the sum of tiebailities of the upper triangle of the
TPM would be equal to zero.

Likewise, the downward mobilityM? is defined as

-1
My {Z 2 anZ(l— R -)} (6)
i i<iizo i

If only downward mobility exists this index woulcelobne and vice versa. With regard to
exits we define the following mobility index:

M :[z Qtjo}[EZ(l_ Ry )} . (7)

3.3 Technical Hypotheses

We aim to explore the differences between the ttimms for two periods within eight
years. The first period refers to 1999-2003; theosd period refers to 2003-2007. The
following hypotheses related to regional and tiniedences in the mobility indicators
were aimed to be tested.

— Less overall mobility is expected in regions witth equal distribution of land among
farms compared to regions with a more concentrdéadl distribution. Regions
showing equally distributed land imply less compe# behaviour on the land
market.

— Higher downward and exit mobility is expected imgims with higher competition,
i.e., in regions that show a rather unequal larsdridhution among farms.

— For regions characterised by farm size structunas allow farms with a high growth
potential to crowd out competitors on the land nearkwe expect the most
pronounced differences in the overall mobility beém years of good and years of
bad economic conditions.



Further, we consider several exogenous factors wWetexpect to have a significant
impact on the transition probabilities. Based oe litng-linear model as shown in (3) it is
possible to quantify the impact of those on the lodds ratio of the transition
probabilities. The technical hypotheses are a®vl

Gini coefficient 1979This coefficient represents the inequality of thistribution of
land among farms within a region in the year 19®9accounts for a possible
dependence of the transition probability, and thgre decision to grow, decline or
exit, on the initial farm size distribution. Thus significant Gini coefficient for 1979
indicates the presence of path dependency.

Share of medium farms 1978his measure gives the percentage share of thibeu
of medium farms in 1979. A high share of mediunnfarimplies an initially high
stability of farms, which coexist with a lower nugerbof small farms. This causes a
reduced potential for growth. Medium farms thereftwehave as quantity followers.
In good years those medium farms with a higher mitdé for growth suppress the
other medium farms on the land market. This ineeake differentiation of farms by
size. As a consequence, in the course of diffeatioti overall mobility rises,
accompanied by a decline of its dependence onrésept economic environment.

Gini coefficient 1999 This Gini coefficient for the year 1999 accourfty a
dependence on the current farm size structure.higleer the inequality of the land
distribution the higher is the expected mobility timeese regions. The simultaneous
significance of the Gini coefficients of 1979 an@9® confirm the existence of path
dependencies.

Share of area used by large farms with >50 hectdr@39 This share is an additional

indicator for market power and the presence of tjialeaders. The higher this share
is, the higher is the chance that small farms cagnmw under such conditions. Thus,
we expect in terms of the log odds ratio that thance to persist in the respective
class increases with market power, in particularsioall farms.

Gross value added 1999his measure reflects the regions’ potential of phienary
sector in 1999. The higher the potential of primarpduction, the higher are the
potential status quo rents. Further, high capitaénsity and sunk investment costs
are more likely compared to regions with a low greslue added. Both aspects are
expected to reduce overall-mobility further in mgs, which are dominated by
guantity-followers.

Years/TimeWe expect the difference between the periodsetmbre pronounced for

regions with many potential quantity leaders. Ire thppendix, there is a figure
showing German farmers’ assessment of their ecomosiiuation and future

prospects. It clarifies that while period one isadtterised by negative economic
expectations, the contrary is true for period two.



4 APPLICATION: STRUCTURAL CHANGE IN THE WEST GERMAN
AGRICULTURAL SECTOR

The aforementioned and theoretically derived hypsé#s are tested empirically. The West
German agricultural sector shows a strong declmdhie number farms over the last
decades. The number of farms decreased from 827220 in 1979 to 374,500 farms in
2007, whereas the average farm size increased Irbrh hectares (ha) to 46 ha in 2007.
Further, the West German agricultural sector israti@rized by a strong north-south
divide with respect farm size. In northern Germamginly large farms dominate (e.g.
Schleswig Holstein with 80.8 ha on average in 2008hereas in southern Germany
mainly small scaled farms with a high share of faffim workers predominates (e.g.
Bavaria with 39.2 ha on average in 2005). Ovetakk, West German agricultural sector
offers many regionally differentiated farm distrtlans by land, by size and by
specialisation.In order to explore further these differences wartswith the descriptive
analysis of the data set, followed by the resultdhhe Markov model.

4.1 Data and Descriptive Analysis

We used the data provided by the Research Datar€ehthe Federal Statistical Office
and the statistical offices of the German LaendéDZ). These data refer to the
Agricultural Census including 441 485 active farimsthe Western Federal States in
1999. The years 1999, 2003 and 2007 are availaieuaed for the subsequent analysis.
The resulting transition probabilities are aggredaat the NUTS Il level. These TPMs
for 327 regions are subject to further analysis. d&&ne three size classes, namely, small
(1-30 hectares), medium (30-50 hectares) and |gr§6 hectares); we use the same size
class classification for all regions to ensure ¢chenparability between the regions.

The distribution of the logarithm of the mean famsize between the German districts
(NUTS 1ll) confirms the different farm size betweerrthern and southern Germany
(Figure 1). Further, the development of numberashfs as illustrated in Figure 2 shows
that the number of farms in northern Germany is lesble than the number in southern
Germany even though the average farm size is lafflee summary statistics can be
found in the annex, Table A.1.

* We abstract from analysing the East German settog.East German agricultural sector shows a number
of peculiarities that we could not account for.

10



Figure 1: Log farm size distribution in the districts in West Germany

north western counties (Laender)
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Figure 2: Development of the number of full-time &rms in West Germany

north western counties (Laender)
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4.2 Results

The derived transition probabilities are diffictitt present. For the comparison between
the periods and regions we rely on the mobilityigatbrs and use regional clusters
describing the farm structure. In what follows welkere the variation over the regions
with respect to regional clusters of representafeven structures. These clusters were
created using the following variables: The Gini ffieéent, the average regional farm
size, the share of small farms, the share of famesregion with more than 100 hectares
and the share of part time farms. According to thester analysis, we differentiate
between five different types of regions accordimgthe structure. ‘Small and equal’
represents cluster regions with a rather low awerfagm size of 23 ha in the mean and a
more or less equal distribution of land among farf®snall and unequal’ describes the
cluster regions with 20 ha farm size on average amndther unequal land distribution

11




according to the Gini coefficient. ‘Large and eduiscribes the cluster regions with a
comparably large average farm size (mean of 32ama) equal land distribution (Gini

0.51). ‘Large and unequal’ refers to a large averigm size in combination with a high
Gini coefficient (0.58). Further, we use ‘very latgas cluster regions with an average
farm size of 53 ha in the mean, further details lsariound in Table A.2 in the annex.

In a similar manner regional clusters with respé&ztregionally dominant types of
production and the economic environment are deriféese clusters serve to control for
further exogenous influences, which might be cated with defined farm structure. The
detailed characteristics of the clusters are surns®drin the annex in Table A.3 and A.4.
The variance of the mobility indices then has beartitioned among clusters with the
help of a variance analysis (MANOVA), the resulte ahown in the annex (Table A.5).
The respective mobility indicators for the farmustiure clusters have been derived as
conditional means by controlling for the impactemfonomic and production type clusters
in the variance analysis. These are visualizedgures 4-6.

The upward mobility (Figure 4) is highest in regions characterizedabgmall average
farm size and an equal distribution of land amoagnis. Since only upward mobility of
small and medium size farms is observed, the olasienv supports the hypothesis that in
such regions many farms grow, but rather slow. dH&erences between the years are
negligible for those regions that show an equatridistion of land among farms. For the
‘unequal’ regions and those characterized by vargd farms, the upward mobility is
higher in the second period (2003-2007). The secpediod is characterised by
favourable economic conditions (Figure A.1). Theref simultaneous growth of farms
with high potential for growth occurs.

Figure 4: Upward Mobility

% on overall mobility
0.40

‘ B 1999-20037 2003-2007‘

0.30

0.20+

0.10+ |

0.00-
average size: large large small small very large
Gini 1999: equal unequal equal unequal -

Source: Own calculations based on FDZ 1999-2007.

Correspondingly, for thdownward mobility(Figure 5) the highest difference is observed
in the large-unequal cluster. The simultaneous tjnoaf farms with a high potential to

12



grow ousts less competitive farms out of the landrkat in years characterized by
economic booms. The stabilising strategy of shrigkin period two is mainly realised
within regions characterised by an equal distriutf land.

Figure 5: Downward Mobility
% on overall mobility
0.40
B 1999-2003(7] 2003-2007
0.30

7 7

0.20

0.10 —

0.00-
average size: large large small small very large
Gini 1999: equal unequal equal unequal -

Source: Own calculations based on FDZ 1999-2007.

This is confirmed by the increase in the exit mibpiin contrast to the decrease of
downward mobility in the second period. Farms widlv competitiveness on the land
market in years of economic booms prefer exitingaals shrinking as a strategic option
due to rising demand for land of competitive farmds expected theexit mobility
(Figure 6) shows the highest shares for regionsacherized by a large average farm size
and even more so in combination with an unequadl ldistribution. This indicates a
higher competition in such regions and the pressaremall farms to exit the sector.

13



Figure 6: Exit Mobility
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Source: Own calculations based on FDZ 1999-2007.

In a further step, the derived transition probdisi§i are analysed using the log-linearized
model as given in (3). The resulting parameternesties are presented in Table 1.
Coefficients express the covariates’ influence e telation between the transition

probabilities and the probability to move to (reman) the class of large farms (the

odds). The odds to exit for small farms in relattongrow into the large class is positive
if all explanatory variables are zero as expredsgdhe constant. This odds increases
even further if the share of large farms becomegela This could be due to an increase
in the probability of small farms to exit as wel & a reduction in the probability of

growing into the large class. In addition, the ieswof this log-odds ratio show that the

higher the share of the middle class the loweratié of exiting of small farms but the

higher their odd of growth.

However, these coefficients are difficult to inteep A direct interpretation of the

coefficients in the light of the hypotheses is potssible. In order to relate the results
directly to our hypotheses, a direct dependencyeath probability to the respective
covariates is derived. Transforming the log-oddsraquation (3) and using the row sum
condition (2a) it is possible to derive the effeofsthe covariates on the probabilities.
Due to the multiplicative relationship of the caeifénts we present the effects of a
specific covariate with low, medium and high valaesl thereby hold all other covariates
fixed; the results are visualized in Figure 7.
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Table 1: Results of the log-linearized estimation

Dependent Intercept Year Gini 1999 % land by % medl9To9 Gini 1979 Gross value R-squared

Variable large farms 1999 added 1999

log(p:/P12) 6.251 -0.402 -4.768 1.832 -4.311 -2.982 0.026 0.354
(0.633)*** (0.129)*** (1.180)*** (0.552)*** (0.611)%=* (0.827)*** (0.@2)*

log(p11/P13) 8.429 -0.478 -6.762 1.862 -5.113 -3.652 0.032 0.342
(0.836)*** (0.171)** (1.558)** 0.728)=* (0.806)*** (1.092)*** (0.@2)*

log(p.2/p13) 4.165 -0.223 -3.928 0.245 -2.653 -1.527 0.014 0.391
(0.354)%* (0.072)** (0.660)*** (0.99) (0.342)*** (0.463)*** (0.001)***

l0g(P20/P22) -3.333 0.071 2.306 1.252 2.444 1.392 -0.005 0.422
(0.243)=+ (0.050)* (0.453)% (0.22)%+ (0.235)% (0.318)* (0.001)**

log(P24/P22) -1.031 0.003 0.714 0.490 0.773 0.336 -0.001 0.102
(0.190)=+ (0.039) (0.354)* (0.166)=* (0.183)% (0.248) (0.001)

log(P22/P23) 2.793 0.121 -1.207 0.317 -0.112 -1.979 0.002 0.199
(0.218)* (0.044)* (0.406)** (0190)* (0.210) (0.284)%* (0.001)*

log(Pso/P3a) -4.630 -0.027 1.329 -1.341 1.792 4.038 -0.017 0.312
(0.484)%* (0.099) (0.902)* (0.422)*** (0.467)%* (0.633)*** (0.001)***

log(Ps1/P3a) -4.822 -0.013 3.336 -2.585 1.512 3.587 -0.024 0.311
(0.647)** (0.132) (1.205)%** (0.563%* (0.624)** (0.845)*** (0.002)***

l0g(ps2/Ps3) -4.509 -0.005 0.218 -2.258 1.773 5.032 -0.010 0.303
(0.401)** (0.082) (0.748) (0.350)*** (0.387)*** (0.524)*** (0.001)***
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The higher the gross value added is the lower tfegadl mobility. This has been expected
due to possibly higher capital intensity and resftshe status-quo. Further, the higher the
inequality of the land distribution (the Gini coefent) in 1999, the higher the overall

mobility for all size classes. Thereby all mobilitydicators increase. This shows that
regional concentration tendencies lead to growthttenone hand and farm closure and
possible part-time farming on the other hand.

If the share of large farms is high, the large farrdownward mobility is low. In
accordance with our hypotheses, this seems to ketaluhe high growth potential and
dominance of these farms on the land market. Atsdome time, upward mobility of the
small and medium farms is lower. Contrarily, thgher the downward mobility of large
farms, where only few large farms exist, might hee do the high stability of small and
medium farms and the resulting generally reducedvir potential.

The initial farm size structure measured by theiGimefficient in 1979, significantly
affects the mobility in more recent years (1999-200 he higher the former inequality is,
the higher is the mobility today. This indicatesattifarm level decisions depend on
expectations, which concern the decisions of ottzard have been coined in the past.
Such an interdependence could explain regional gagfendency. Similar tendencies are
shown by the impact of the share of medium farmsl®r9. A high initial share of
medium farms corresponds to a small growth poteratrl a predominant strategy of
quantity adoption on the land market. Accordinghe upward mobility of small farms is
relatively high in such regions. Additionally, tle&it mobility of large, medium and small
farms in these regions is higher, too. A possildason might be the higher pressure on
these farms on the land market.
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Figure 7: Partial Effects of the Covariates on theélransition Probabilities
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5 SUMMARY, CONCLUSIONS AND OUTLOOK

The objective of this paper is to explain regiopalifferentiated patterns of structural
change based on a theoretical framework. The drigiaothesis that these patterns rely
on strategic interaction of farms on the marketléord is aimed to be tested empirically.
Relying on a Markov chain model, we aim to expladividual farm moves between
predefined size classes. We make use of now availadnel data from the agricultural
census including all farms in the West German adcal sector for the years 1999-
2007. The use of mobility indicators allows comparregions and periods. By means of
the multinomial logit specification of the transiti probabilities explaining farm growth,
decline or exit, it was possible to quantify thepeat of the current and former farm size
structure in the respective region. Further, thpaot of variables describing the regional
farm structure, thereby indicating market power tbé large, the potential of high
competition for land within a region and possiblygh rents of the status quo in
combination with sunk costs, could be quantifiethe Tresults confirm the relevance of
strategic interaction as a crucial determinantegfionally different structural change and
persistent regional differences in the farm sizeittire over time. Thus, we conclude
that the classical view of path dependency cauyef@dim individual restrictions does not
suffice and should be expanded by the implicatiohstrategic interaction among farms.
Nevertheless, the derivation of the results angarticular the estimation method could
be improved. In future work, we aim to consideroalsarket entries as an issue that
should be tested, even though entries are expetdethe negligible. Further, the
estimation method could be improved. A first stepuld be to use system estimators as
these are more efficient. In a second step, we faapply mixed models to account for
unobserved time and heterogeneity effects.

Besides the academic exercise, our results havieypohplications such that earlier
findings about regionally different patterns ofustiural change should be corrected in the
light of our results. First, the effect of strualpolicies might have beewverestimated

in earlier studies without consideration of theatggic interaction among farms. Our
estimation results show that farmers’ decisionexi, decline or grow are affected by the
farm size structure in the respective region. Femthwe can demonstrate that the
competitiveness of farms on the land market hasmsiderable impact on structural
decisions. This indicates that structural poliaeight have supported existing paths and
fostered already existing path dependency. Secorahy policy interventions exist in
agriculture that do not directly aim at influencistructural change. The non-intended
impacts of such policies might have baarderestimatednh the past. In general, subsidies
create rents of the sector that might further irduising status quo rents at the farm
level. Our results show that the impact of statu® gents on the regional structural
development is not negligible. Due to the repeaitgéraction of farms on the land
market, farmers’ reaction towards increasing reigtsstrategic. From the society’s
perspective, this might lead to unfavourable ireéincies of policy funding. Future
structural policies should take these findings imtocount to reduce social costs of
structural policies.
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ANNEX

Figure A.1. Assessment of economic situation anduture prospects of German

farms

= __

Mittel
2000 - 2006

Source: Konjunktur- und Investitionsbarometer Agidérz/April 09.

http://www.bauernverband.de/?redid

301312

Summary Statistics

Table A.1:

. Minimum Maximum N*T
deviation

Standard

Mean

Variable

654
646

0.315 0.742
1.053

0.080
0.100

0.541

Gini 1999
Gini 1979

0.275

0.446

654

0.700

0.000

0.156

0.205

% land by large farms

1999

0.119 0.000 0.632 646

0.263

% medium 1979

Gross value added

1999 per ha

38.948 1.739 217.437 649

51.948

Source: FDZ, Agricultural Census 1979, Arbeitgkiolkswirtschaftliche Gesamtrechnung

Note: The different observation numbers are durissing values in the data set.
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Table A.2: Characteristics of structural clusters

Cluster N Average farm Gini coefficient Share of farms Share of farms Share of part
size <30 ha >100 ha time farms
Small - equal 79 22.64 0.46 0.74 0.01 0.5
(3.25) (0.05) (0.06) (0.01) (0.09)
Small - unequal 134 20.12 0.59 0.8 0.03 0.59
(6.09) (0.07) (0.08) (0.02) (0.15)
Large - equal 49 31.85 0.51 0.59 0.04 0.36
(4.21) (0.05) (0.06) (0.02) (0.10)
Large - unequal 26 36.03 0.58 0.62 0.09 0.58
(4.22) (0.03) (0.04) (0.03) (0.06)
Very large 39 53.23 0.54 0.45 0.15 0.36
(10.24) (0.07) (0.10) (0.05) (0.09)
All regions 327 27.7 0.54 0.7 0.05 0.51
(12.24) (0.08) (0.14) (0.05) (0.15)

Note: Standard deviation in brackets.
Source: Own calculations based on FDZ 1999-2007.

Table A.3: Characteristics of production-type-clusers

Share of pig Share of Pigs (animal-

Cluster N S_hare of and poultry horticulture Share of —Cows per units) per
dairy farms arable farms  hectar
farms farms hectar
Horticulture 38 0.09 0.01 0.63 0.47 0.09 0.11
(0.06) (0.01) (0.16) (0.21) (0.08) (0.10)
Dairy 122 0.64 0.02 0.06 0.16 0.47 0.18
(0.14) (0.02) (0.09) (0.11) (0.20) (0.13)
Mixed 84 0.33 0.03 0.11 0.53 0.20 0.29
(0.09) (0.02) (0.09) (0.12) (0.08) (0.18)
Pig and poultry 35 0.39 0.13 0.07 0.31 0.29 1.03
(0.11) (0.04) (0.07) (0.10) (0.11) (0.41)
Arable farms 37 0.13 0.02 0.19 0.82 0.06 0.16
(0.07) (0.01) (0.13) (0.10) (0.06) (0.12)
Intensive Pig-prod. 11 0.36 0.29 0.02 0.18 0.27 2.32
(0.09) (0.07) (0.00) (0.08) (0.11) (0.83)
All regions 327 0.40 0.04 0.15 0.38 0.28 0.36
(0.23) (0.06) (0.20) (0.25) (0.21) (0.51)

Note: Standard deviation in brackets.
Source: Own calculation based on FDZ 1999 — 2007.
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Table A.4: Characteristics of economic clusters

| h ised by- Share of Relative 1992: non- 2006: non-
Cluster, characterised by: Share of - agricultural GDP per relative  agricultural GDP per
area covere A change in . . . .

] by agricultural number of Employees inhabitant change of Employees inhabitant
Population- econ. de- buildungs GVA1992 o o per 1992 GDP per 2006
density velopment g ply inhabitant inhabitant
rural positive 105 0.17 0.02 0.10 0.39 18429 0.41 0.40 24199

(0.08) (0.01) (0.07) (0.06) (3445) (0.15) (0.06) (5040)
purely rural 71 0.11 0.05 0.12 0.35 16122 0.52 0.38 22134
(0.02) (0.01) (0.08) (0.06) (2615) 0.17) (0.06) (4392)
rural negative 51 0.10 0.03 -0.05 0.42 18657 0.27 0.40 23253
(0.03) (0.01) (0.06) (0.06) (2632) 0.12) (0.05) (3427)
urban positive 45 0.50 0.00 0.06 0.74 36145 0.39 0.76 48947
(0.28) (0.00) (0.11) (0.12) (6656) (0.24) (0.12) (12489)
urban negative 53 0.72 0.00 -0.02 0.54 25695 0.24 0.53 32023
(0.41) (0.00) (0.06) (0.09) (5073) 0.12) (0.09) (6077)
All regions 325 0.28 0.02 0.06 0.46 21599 0.38 0.47 28302
(0.30) (0.02) (0.10) (0.15) (7735) (0.19) (0.15) (10978)

Note: Standard deviation in brackets.
Source: Own calculation based on Arbeitskreis Vwikischaftliche Gesamtrechnung and INKAR
(Bundesamt fir Bauwesen und Raumordnung).

Table A.5: Description of variance analysis (MANO\A)
Upward mobility Downward mobility Exit mobility
Degrees Typ3 Il Typ3 Il Typ3 Il
Source of sum of Pr>F sum of Pr>F sum of Pr>F
freedom squares sguares sguares
economic cluster 4 0.11 0.024 0.12 0.074 0.07 0.342
production-type-cluster 5 0.04 0.548 0.07 0.396 0.10 0.241
structural cluster 4 0.70 <.0001 0.06 0.339 0.60 <.0001
year 1 0.00 0.640 0.10 0.008 0.07 0.029
year*economic cluster 4 0.08 0.084 0.08 0.225 0.02 0.792
year*production-type-cluster 5 0.04 0.553 0.04 0.649 0.05 0.610
year*structural cluster 4 0.11 0.019 0.16 0.019 0.01 0.982
R-square 0.18 0.08 0.20
Pr>F <.0001 0.002 <.0001

Note: 642 observations (321 districts for two tiperiods)

Source: Own calculation based on FDZ 1999 - 200rbeAskreis Volkswirtschaftliche Gesamtrechnung;

SAS Proc GLM.
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