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1 INTRODUCTION

The structure of primary production has been altereer the last decades. In most Western
countries the number of farms has declined, whetess average size has increased. Land is
an immobile, non-duplicable and increasingly scammeluction factor since its availability is
not only limited, it even declines due to a pernmremnversion process of agricultural land
towards alternative usages. Thus, farms in Westeamtries cannot grow unless other farms
shrink or exit, resulting in newly available lanesources (e.g., Balmann et al., 2008his
causes a strong interdependence of farms witheg@m (Chavas, 2001). At the same time,
the farm size structure differs substantially asn@gjions. For instance, in some regions farms
are equally sized in terms of land endowment, winilether regions land is rather unequally
distributed among the farmisThe regionally differing structures may lead tgiomally dif-
ferent patterns of structural change (Harringtoth Beinsel, 1995; Goetz and Debertin, 2001).
Still, the regional specifity of farm size struauas well as of structural change still remains a

puzzle for agricultural economists (Schmitt, 1992).

Against this background, our aim is to improve tinderstanding of the relation of farm exits,
farm growth and the land market in order to exptam regionally different patterns of struc-
tural change. Thereby, the objective of this papdwofold. First, we theoretically analyse

the impact of the initial farm (size) structure looth the exit decision of farms inducing free
land capacities as well as the allocation of thelpavailable land resources to the remaining
farms in a particular region. We consider an adical market with a finite number of firms

that produce a homogenous good that they sellgatem price in final or intermediate goods
markets. We develop a three-stage game wheretliiestirms decide whether to exit or to

continue agricultural production. Given the exicden of some firms, land resources be-
come available for the remaining firms in the marke the final stage the firms compete in
the downstream market. In the case of increasingimal cost of production, the large farms
have a lower incentive to grow than the small farmiile both types of firm converge in

terms of total quantity. However, more efficientnfis have a higher incentive to grow than
smaller farms. Furthermore, small firms are mokel\i to leave the market than large firms.

Second, we empirically illustrate our theoretidaldfngs by referring to structural change in

! The interdependence of growth and exit has begirally considered, cf. amongst others Zeped®%) ®r
Tonini and Jongeneel (2007).

2 For instance, the phenomenon of a disappearinglenitlass has been detected by Weiss (1999) inriAust
Moreover, Margarian (2007) found that this phenoomeaspecially occurs in regions where land is ratime
equally distributed among the farms.

® Note, such a skewed size distribution of firmal& observed in many industries apart the agtirallsector
(Sutton, 2007).



the West German agricultural sector. Analysing riflation between the regional structure
and farms’ growth, decline or exit activities, wad that regional asymmetries in firm size
measured by the concentration of land endowmepobsstively related to exit rates (mainly

small farms) and negatively to the growth ratehef tnedium farms.

There is a wide literature that deals generallylie dynamics of industries. Many empirical
studies about farm growth are often motivated bir&is law (the size of a firm and its
growth rate are independent) ignoring economicrhée.g., Shapiro et al., 1987; Clark et al.,
1992; Kostov et al., 2006; Bakusc and Fertd, 208dyvever, this strand of literature neglects
that industry dynamics are mainly characterizethigysimultaneous entry and exit of firms as
well as growth and shrinkadaVhile entry plays a minor role in agricultural rkets, there is

a strong debate about the firms’ incentives todetine market.Exit decisions are character-
ized by their (partial) irreversibility, the uncaitity of future expectations about the profit-
ability and the investment’s flexible timing thaivgs them the character of a put option
termed ‘real options’. Prominent examples where @acisions have been analysed using real
options’ theory are Dixit (1989), Alvarez (1998,989 and Murto (2004).

Other papers consider the impact of uncertainty \hie aim to explore industry dynamics
based on competitive equilibrium theory (e.g., Joxac, 1982, Ericson and Pakes, 1989, and
Hopenhayn, 1992) or based on a dynamic game (Hanaaod Yang, 2009). Besides these
models, industry dynamics are also analysed detestimally by means of competition in
declining industries, e.g. Ghemawat and Nalebu#Bg, 1990), Londreagan (1990), Reynolds
(1988) and Whinston (1988). As Liebermann (199Ges0all their models differ slightly in
their respective assumptions and results but engghéise strategic liability of the large firm
size. Ghemawat and Nalebuff (1985) show that lafigeis tend to exit first from a declining
industry since they lose their viability more guickompared to smaller firms. However, the
order of exit may be reversed in the presence ofi@uwies of scale. If capacity adjustment is
possible, large firms reduce capacity first uritédyt have reached the size of the small indicat-
ing that survivability is inversely related to si@@hemawat and Nalebuff, 1990). Whinston
(1988) considers lumpy exits while allowing for fp@rreduction of capacity in a multi-plant
setting and shows that if the firms have the samahber of plants, those with higher cost

leave the market first. Londregan (1990) shows leams of a duopoly that during growth

* An exception is Weiss (1999), motivated by Gitsataw he analyses growth and the survival of fgaimly
however neglecting their interaction.

® Besides the literature that uses entry and esxth@snain driver of industry dynamics there is aldarge litera-
ture that focuses on technology innovation or improent as the driving force behind industry dynan{idf.
among others Klepper and Simons (2000) and thd bierature there).
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periods high re-entry costs can act like high erdts and improve the strategic position of
the larger firm® Considering a duopoly with two initially differdptsized firms that compete
in prices under capacity constraints, Ghemawat@JLSBows that the initially larger firms has
the incentive to take up all investment opportesitbver time (the overall duopoly profits are
maximised at the most asymmetric allocation of cdjgs) and industry concentration in-
creases (snowball effect). In turn, Krishna (19989ws that this effect does not necessarily
hold by using a game where multiple units of capyaare sold sequentially to two ex-ante
symmetric buyers and takes the buyers’ endogenaluiston of additional capacities into
account (determined by the outcome of the marlage3t The convexity of payoffs in the
market stage ensures a monopolization of capaelhie increasing returns to scale are not

sufficient.

Asymmetric industry structures may also be showrusing a capacity accumulation game
played by ex-ante identical firms that differ iretheconomic fundamentals or strategic posi-
tions (cf. among others Saloner, 1987, Leather@2 1®laggi, 1996, or Reynolds and Wilson,
2000). Endogenously arising asymmetries in firne gikex-ante identical firms are shown by
Besanko and Doraszelski (2004). They use a dynamitel of capacity accumulation with
product market competition where the firms are eteddentical in their size, in their cost
structure and strategic position. The mode of cditipe and the reversibility of investments
are major determinants of the firm size distribati®he stronger the competition (e.g., price
competition) and the higher the depreciation ratgeStments are more reversible) is, the
more tends the firm size structure towards stroaggmmetries (e.g., one large and one small
firm). Another very appealing approach to analysdogenous market structures has been
taken by Eso et al. (2010). Their major findinghat an asymmetric industry structure be-

comes more likely the larger the pool of resources.

However, a direct application of these models ®ayricultural land market is difficult since
land is not a freely traded source that can be lioigan upstream market; in Western coun-
tries free land is only available if at least oae1 leaves the market. Leathers (1992) directly
accounts for the interaction of farms in the laratrket where free land from the exiting farms
is traded among heterogeneous farmers. He poirdspiasitive impact of for example price
support or demand enhancement programmes on laespEven though such programmes
may also result in increasing commodity prices,rieeeffect shows a reduction in the num-
ber of farms. Vranken and Swinnen (2006) focushendevelopment of land markets during

® See Frank (1988) as well as Fudenberg and Tir@i@6)lfor a more general modelling of exit decisions
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the transition period. Analysing the competitionholusehold owned farms with large-scaled
corporate farms in Hungary, they find that the dwanice of large corporate farms in some
regions leads to a constraint access to land foal(er) household farms. Additionally, Huet-
tel and Margarian (2009) show that strategic irtigoa — measured by market power of large
farms, the potential of high competition for landhin a region and possibly high rents of the
status quo — is a crucial determinant of regiondiffering patterns of structural change. Their
findings give further evidence that initial (histgrconditions, such as the number and size of
farms, lead to differing local equilibria in thenth market characterized by differences in
market power relations. Thus, as emphasised byeKe#nn et al. (2008), strategic interaction
in the land market plays a crucial role for struatichange in agriculture. Summarizing, in
Western countries the growth of farms hinges onethieof others. The exit of farms is cru-
cial for any further industry development sinceteXacilitate the land market, only through

exits growth becomes possible.

The remainder of the paper is organized as folldwsSection 2, we provide a theoretical
analysis of structural change in agriculture wheeeconsider farm exit as a precondition for
farm growth. In Section 3 we empirically illustrabeir theoretical findings. Herein we first

present the data structure and the methodologytleen second, the empirical results are

shown. The last section concludes.

2. EXIT AND GROWTH: A THEORETICAL ANALYSIS
In this section, we provide a theoretical modeleait and growth in the agricultural sector.
The model is presented in 2.1. We solve the foretip@librium strategies in 2.2 and discuss

our results in 2.3.

2.1 The Modél

We consider an agricultural market witliarms. Each farmwith i =1,...n produces a quan-
tity g of a homogenous good to be sold in a final orrmegliate goods markets. Thereby,

one unit of land is used to produce one unit oftbeogenous good. We consider two types

of farms that differ in their initial land capaciy. The large farmg =1,...m hold an initial

land capacity ofk, =k, while the small farms= m+1,..., n have an initial land endowment

of k, =k with Ak =k - k>0. We further assume that there are no free larmliress avail-

able. The total land capacity in the considered ketaris therefore given by



K =mik +(n— n) k. Correspondingly, farms cannot grow unless othen$ shrink or leave

the market.

The farms incur production costs 6f(q), which are assumed to be twice continuously dif-

ferentiable, increasing and strictly convex in ditgni.e., C'>0 and C" > 0. Accounting for
differing cost efficiency levels between the lagged the small farms, for instance due to dif-
ferent investments made or different technologies,weight the cost function of the large
farm by a parametesr with a [1(0,1]. A lower ¢ indicates a more advantageous production
in terms of production costs, while the clogerapproaches 1, the less differ the large and the

small farms in their cost structure. Summarisimgal$ farms bear production costs 6{q,),
while the production costs of the large farms akeery by aC(q). Note that the marginal

costs of production are the same for both the largkthe small farms ifr reaches the criti-

cal value:a =a’ =C'(q,)/ C'(q).

Timing of the Game. The interaction of farms is described by the fellngy three-stage
game. In stage one, the farms decide whether @ ld@e market or to continue production.
We denote the respective number of firms leavimgntiarket bye + € wheree < m denotes
the large farms an@® < n— m denotes the small farms ceasing agricultural prtdo. In

stage two, the farms that leave the market seilt thiially given capacityk to the remain-

ing farms in the market. Thus, tlme- € — € remaining firms in the market can obtain a share

of the overall available land capaci&=e'§+ € k. The total production capacity of each

remaining firm then refers t& +k where k indicates the farms’ additional capacity pur-

chased. Within our framework, we neglect potengialry into agricultural production as it
only plays a minor role in Western agricultural Rets! In stage three, the farms sell their

products at a given price.

Land Market. To decide whether to quit agricultural productionnot, the farms compare
their profits in the case of continuing productierpossibly under extended capacity — and
their profits in the case of ceasing productiornthie latter case, the farms can sell or rent their
initial capacity to the remaining firms in the matkThereby, the total amount of newly avail-
able land resources is a perfectly divisible go&gparently, there is no land available for

redistribution as long as no farm ceases productitm other words, a land market only

" Note, the number of farms in the West German atitiral sector continuously declines over time abed
served entries are mainly due to re-entry of newtjanized farms

5



emerges if at least one farm leaves agriculturadpction. We consider a simple market
mechanism where the market clearing price for amtht land is determined by equating the
demand and the supply of land, inducing an unigaeket-clearing pricew. Hence, we ne-

glect any strategic incentives of the differenbasin the market.

Profits. Assuming that each farm pays for a unit of additional Capacitﬁi , the profits of

the large farms when continuing agricultural praéhrcare given bY/

7 (q.0= pg -aC( q)-wlk

_ _ 1)
with g < k+k,
while the profits of the small firms refer to

with g, < k+ k..

If, in turn, the farms cease agricultural productithey sell their initial capacity to the com-

petitors. Furthermore, they can opt for an earmilbgrnative that yields a net revenueyof

Accordingly, their profits when realizing the outsioption refer to

7 (= wik + with k 0{ kK . (3)
Maximising (1) with respect tq} , the optimal production of a large fargn is determined by
p=aC'(q) if § < k + R Analogously, the optimal production of the snfalim g is im-
plicitly given by p=C'(q,) if g, < k+ RS Thus, the equilibrium quantity of farims given by

qi*={ q_faskrk @)

k +k  otherwise.

Ensuring firms’ incentive to grow, we focus only throse cases where the capacity constraint

is binding, i.e.k <k <. Equilibrium production is, then, restricted te ttotal capacity of a
firm,i.e.q =k +k.

2.2. Land Market and Exit
We solve for the equilibrium strategies of the farby working backwards. Our equilibrium
concept corresponds to subgame perfection. We dossider the final stage of the game

which is given by our results in (4). By proceedingher backwards, we solve for the out-

8 In order to simplify the notation, we omit the angents of the functions where possible.
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come of the land market, taking as given the nunobexiting firms. Finally, we analyse the

farms’ exit decisions.

Land Market. Taking the exits ofe +€ farms as given, the available land re-
sourceX =€ k+ & k can be bought by the-€ - & remaining farms in the market. The
demand for additional land capacities can be ddriwe the first-order conditions of profit

maximisation with respect th, i.e.

om_

a& =p-w-C'(q)=0. (5)
and

M _

x p-w-aC'(q) =0, (6)

respectively. The equilibrium additional capacitlé*s are increasing in the market prige,

while they are decreasing i and the initial capacity . Furthermore,R,* Is decreasing in

a . This implies that the farms incentive to grownsreasing in the efficiency of their pro-

duction technology.

To compare the incentives to grow between the sarall the large farms, we consider first
the case where both types of farms use the sandeigiion technology and do not differ with
regards to their cost efficiency, i.e.=1. According to the assumption of convex cost, this

implies that the large farms produce at a higherginal cost and have a lower incentive to

grow than the small farms, i.dir < I~g Finally, both types of firm converge in termstofal

quantity, i.e.k + F(f = k+ K . If, instead, the large farms have a more advauotag production

technology and produce more efficiently, ice<1, a trade-off emerges. On the one hand, the
large firms tend to have a higher valuation foriaddal land resources than the small firms
because they benefit from their advantageous ocostibn. On the other hand, the initial land
endowment of the large firms exceeds the initintl@ndowment of the small firms and this
implies higher production costs at the margin. €gpondingly, the relation between the cost

parameterr and the initial land endowmeikt determines whether it is the large or the small
firms having a stronger incentive to grow and tbfop additional capacity in the land market.

Thus, we havek =k for all a<C'(q)/C'(q), while the opposite holds for
a>C'(q)/C'(q).



The market-clearing pricev is determined by equating the total amount of yeavlailable
land resources and the total demand for new capsicithat is, the considered allocation rule
in the land market refers to conventional supplgt damand terms. Aggregating the demand

functions of all remaining farms in the market e targe and the small ones — we obtain the
overall demand function for additional land capadit. K =Z i”;f‘é E . The supply func-
tion is given by the sum of the newly available a@pes, ie.K=dk+ € k. Equating the
aggregated demand and supply functions,K’é(a)* ,[)]E K , we obtain the equilibrium mar-

ket clearing pricew . If the initial land endowment is relatively largae farms hardly have

any incentive to grow. This induces a lower demfamadditional land resources and induces
a lower land price. Likewise a increasing numbefaoims leaving the agricultural sector and
thus an increasing supply results in a lower lancep Accordingly, the land price is increas-

ing in the number of initially large farms & <C'(q,)/ C'(q) as this increases the overall

demand for additional capacity.

Lemma 1. There exist an equilibrium market clearing pria¢. Comparative statics reveal
that the land price is decreasing in the initialnth endowment, i.edw /0k <0 and

dw [0k <0. Furthermore, the land price is decreasing in thember of exiting farms, i.e.

dw /0e° <0 anddw P€ < 0 Finally, the equilibrium market clearing price iacreasing

(decreasing) in the number of initially large firms as long asa<C'(q,)/C'(q)

(a>C'(a)/C(a))- A

Proof. Thereexists an unique equilibrium land priceé since K*LFO >K, 0K /dw<0 and
0K /dw=0. Applying the implicit function theorem and dendi® = K~ (a) ,g]— K, we get
sign(0as 10k) = sigitaQ/a K since 0Q/9w<0. Due to
0Q/0k =—¢ +(m- &) k(J/a k<0 and 9Q/ok =—¢& +( n- m- )8 k((/9_ke 0, respec-
tively, we get thatw /dk <0.

Correspondingly, we havesign(aa)*/ae‘): sigiedQ /0 &) with & | « since 0w /de, <0

due to 0Q/0de, :—(Ig + ~I§)<O. Turning finally to the comparative statics m, we get
0Q/dm=-k+k and thus, sign(dw /om = sigdQ/d m<0 if Kk >k and if
a>C'(q)/C'(q), while dw /dm=0 if IZS < IZ,and ifa<C'(q)/C'(q).- IR

8



Exit. In the first stage of the game, firms decide \wheto leave the market or to continue

production. Thereby, the firms compare the profitentinuing and the earnings in the case

of leaving the market. PIuggind([)] intol{* (w, 0], we obtain the additional capacity that

each remaining firm gets from the overall availdbled resources, i.el{” = E (w D). Hence,

the initially small firms leave the agriculturalcser if

w (0K +y = (1. (1)
Analogously, the initially larger firms exit if

W (K +y = (). ®)
It turns out that those farms are more likely tavie the market that have the lower valuation
for additional capacity. Thus, the large firms leakie market ifa >C'(q,)/ C'(q). That is,
the equilibrium number of large firms leaving agitaral productione” is given by
WK +y = M if a>C'(q)/C'(q). In turn, the small firms are more likely to ceasgi-
cultural production ifa <C'(q,)/ C'(q) and e, is given by w (Ok +¢ = (0. If the pro-

duction technology of the large farms is considranlvantageous compared to the small
firms, i.e.,a is very low, then even the some of the remainarge farms would cease pro-
duction but only after the small farms have lef tharket. This is due to the fact that a de-
creasing value ot improves the large farms’ valuation for additiom@sources which in-

creases the pricev. The morea approaches to zero the more large firms leave.

Proposition 1. Comparative statics reveal thef is decreasing in botlk and k. The impact
of the number of initially large farms on the exit rate is ambiguoue’; is increasing (de-

creasing) inmif a<C'(q,)/C'(q) (@>C'(q))/ C'(q)).

Proof. There exists are’; if ¢ > m (0-a(0k; sincer ())-a(Dk; is monotonically increasing

in €;, while ¢ does not depend og . Applying the implicit function theorem and denoting
Q=a(0k, +¢—m (Qwithj=1,s, we get that sign(a€/dk)= sigtdQ/d k) since
0Q/ de, = (6vx7 /6&})( k + ~IJ<) <0. Hence, we have 0e /dk <O since

aﬁlaka(awlakj)(lg+ﬁ)<0. Turning to the comparative statics im, we have



sign(0¢ /an) = sigtdQ/d m=(0w/d §{ k- H=20 if a<CYq)/C(q), whie
0Q/0m<0 implying ae; /om<0 if a>C'(q.)/C'(q).- 1

Our results reveal that the less efficient farms &yricultural production. However, the farms
— either large or small — are less likely to ceagecultural production if the initial land en-
dowment of farms is relatively high. This is duetle fact that a larger initial land endow-
ment reduces the farms’ valuation for additiongdazaty implying a lower land price which,
in turn, makes exit less profitable. Accordinglyetintensity of structural change heavily de-
pends on the initial land endowment of farms. A¢ #ame time, the cost structure used by
farms plays a crucial role. Assuming that the laf@@ns are more efficient than the small

farms, i.e.,a <C'(q,)/ C'(q), a higher share of large farms in a region posiyiaffects the

exit rate of small farms. If in turn the large farrare less efficient than the small farms, i.e.,

a>C'(q)/ C'(q), a higher share of small farms with increasing probability results. In

other words, a higher share of large farms leads ltawer exit probability. This implies that
an ex-ante asymmetric farm size distribution immterof land endowment among the farms
has different implications: The exit of small farissncreasing in the number of large farms
if the large farms are sufficiently efficient arftetr initial land endowment is not too large. In
turn, the exit of small farms increases in the nemtf large farms, if the large farms’ effi-

ciency is relatively low and their initial markdtage is relatively high.

2.3. Discussion & Extensions
Our theoretical results are based on several drassumptions. First, our analysis is based on

the assumption of increasing marginal costs of gpcdn. In the agricultural sector, however,
also increasing returns to scale are observed whieluivalent to decreasing marginal cost
of production. Then, the value of additional umitdand is increasing. As a consequence, the
resulting optimal allocation would involve only osmgle farm. This phenomenon of natural
monopoly is well known for industries to which emtts are not naturally attracted and the
single farms benefits from economies of scale w#hblining average cost in output. Further-
more, in our theoretical framework the land markebased on a simple allocation mecha-
nism. However, a comparison of our results with ttleet al. (2010) where the land market
is modelled based on a Vickrey auction mechanisah gives an efficient allocation of the
free capacity, shows that this does not changdinaéresults. Against this background, our
used approach here can be judged as a proxy fog ownplex though efficient allocation

mechanisms such as land market auctions.
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3 EXIT AND THE ALLOCATION OF CAPACITY: FIRST EMPIRICAL FINDINGS

In this section we empirically highlight severapasts of the theoretical findings using farm-
level data for the West German agricultural sedfée. first present the data and the used sta-
tistical methodology (3.1) and second (3.2) the ieicg) findings. The analysis with its spe-
cific focus on the impact of regional asymmetrigeidd be seen in a subsequent order, start-
ing from the exit decisions, we illustrate our fimgs about the relation between (1) farm exits
and regional (a)symmetries. This is followed by {2¢ joint analysis of the relation farm
growth, decline as well as exit and regional (ayswtries. Finally, farm growth is explored in
more details and we show the findings about (3)réhation between the growth rates of the
large farms, regional (a)symmetries and regionadlpction characteristics.

3.1 Data and empirical methods

The used farm-level data come from the agriculterisus and are provided by the RDC
comprising single farm observations for West Geryn&@werall, three time observations are
available: 1999, 2003 and 2007. This allows usdostruct two periods: 1999-2003 and
2003-2007 in order to measure changes in the falangl endowment over time. In contrast
to the Farm Accountancy Data Network (FADN) datas ipossible to measure all farm spe-
cific activities like growth or shrinkage within @a period, including entry and exit. How-
ever, this comes at the cost that no financialades like profits or cash flow are available.
However, based on survey results about farmers’ asgessment, ex-post, the second period
was characterized by more favorable macroeconoonclitons for the agricultural sector
compared the first period (for a similar characation see also Huettel and Margarian,
2009). Unfortunately, also no detailed informatadyout the regional land market (e.g., num-

ber of bids, number of participants, demanderyaslable.

In 1999, 441,485 active farms are observed in tlestédfn Federal States. We define three
size classes measured in terms of land endowmiensmall (1-30 hectares), medium (30-50
hectares) and large (>50 hectares). Based on tih@snpossible to measure changes in the
farm size distribution within each period. Furthema regions are defined at the county level
(NUTS lll, Landkreis), in sum 321 counties exist.drder to account for the regional farm
size structure and the respective distributioraofilamong the farms within one variable, we
refer to the Gini coefficient. Based on the obstoves for 1999 and 2003 the coefficient is

defined asGini, =1—Z?:1(v(j_1)r +v. )UY - Y.y ), Wherej denotes the respective size

category (small, medium, large) andlenotes the respective region with+1,...,32.. Fur-

° Research Data Centres of the Federal Statistiffmleand the statistical offices of the Lander.
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ther, v, refers to the cumulative share of clasm the total number of farms for region
thereby indicates *-1' the respective lower sizasslu, stands for the cumulative share of

land of clasg on the total amount of acreage used in regiorhe Gini coefficient measures
the degree of asymmetries in firm size (land endewntinand indicates whether the used acre-
age is concentrated in one size category. If thieatural area is equally distributed among
the size classes within a region, the Gini coedfitiis rather low and we expect a tendency
towards a symmetric farm size distribution. Corityaa high Gini coefficient indicates a con-
centration of the acreage in the small or the Iaige category with only relatively few farms
in the respective other categories; shortly, ekt asymmetries in the farm size distribution.

Further variables that will be used in the subsatjaealysis are the share of exiting farms
among the total number of farms in the respectdggon and time period, the share of shrink-
ing farms, i.e., farms that reduce their size mteof land endowment and the joint share of
exiting and shrinking farms. In order to account ¢ébanges in the land endowment of the
large farms, in particular for the growth of thegla farms, we take the percentage change rate
of permanently large farms in their land endowmest, farms that are from 1999 on in the

large size category. Summary statistics of allaldas are shown in Table 1.

Table 1 Summary statistics of the used variables

Variables # obser-  Mean Standard  Min Max
vations deviatior

Gini coefficient 642 0.55 0.08 0.31 0.75

Share of exiting farms 643 0.14 0.04 0.05 0.30

Share of shrinking farms 643 0.03 0.02 0.00 0.09

Joint share of exiting/shrinking farms 643 0.17 0.04 0.05 0.30

Growth rate large farms (%) 643 9.16 5.65 -30.93 47.25

Source: Own calculations based on RDC data 1999-200

In order to state the relations (1), farm exits aegional (a)symmetries, and (3), the relation
between the growth of the large farms, regionay@metries and regional production char-
acteristics, we refer to general linear models {ggbM in SAS 9.1.3). Assuming a normal
error distribution, we estimate the models by MaximLikelihood (see Neter et al. (1996)
for further details about this kind of models). Tdpeneral linear model (GLM) provides the
advantage to combine the linear regression modblawariance analysis and it is possible to
estimate varying coefficients for different regiohs order to define the differently character-

ized regions, we refer in a previous step to aavee analysis and classify three types of re-
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gions: structural regions (e.g., large farm sizd asymmetry), specialized regions with re-
gard to the production type (e.g., mixed or daagyl the socio-economic environment and
development (e.g., urban-positive or rural-posjtiVeSince the structural regions seem to be
the most important ones, we present in Table 2l@seriptive statistics of the used variables
in their respective region. The classification ‘atjindicates that land is rather symmetrically
distributed among the firms, while ‘unequal’ reféssan asymmetric distribution of firm size

measured by the Gini coefficient. The classificasidvery large’, ‘large’ and ‘small’ indicate

the mean average firm size, respectively.

Table 2 Summary statistics in the structural regio

Variable Region characterized  Mear Standar Min Max
average farm si Deviatior
land distributio

large equal 9.51 6.37 -3.33 43.93
large unequal 9.10 2.87 3.12 16.53
Growth rate |
fa;fns a1 small equal 9.61 457 -11.81  29.48
small unequal 9.18 6.85 -30.93 47.25
very large 7.77 2.70 2.01 16.47
large equal 0.18 0.04 0.08 0.25
" large unequal 0.19 0.04 0.08 0.30
Share of exiting/ " eoual 0.15 002 008 020
shrinking farms
small unequal 0.17 0.04 0.05 0.28
very large 0.18 0.03 0.10 0.30
large equal 0.52 0.05 0.39 0.71
large unequal 0.59 0.03 0.51 0.67
Gini coefficient small equal 0.47 0.05 0.31 0.60
small unequal 0.60 0.06 0.38 0.75
very large 0.53 0.06 0.42 0.66

Source: Own calculation based on RDC data 1999-2007

The illustration of point (2), the relation of fargnowth, decline as well as exit and regional
(a)symmetries is taken out of a full Markov Chanalgsis as provided by Huettel and Mar-
garian (2009). The respective transition probaedgitreflect the likelihood of a farm to move

12 We use within the multivariate variance analysischaracterize each of the three differently charised
region types several variables. For the structegéons we used the average farm size, the Ginficiseit, the
share of small and large farms, respectively, Aedshare of part time farms. For the productior ggions we
use the share of grazing livestock farms, sharpigfand poultry farms, share of cash crop and twlttiral
farms, respectively as well as the number of daows and pigs per ha, respectively, Finally, far gocio-
economic regions we use the share of constructea, dne absolute value and the change in the gadas
added per inhabitant, the absolute number as wdhachange of people in the regional labour facevell as
the share of people in the agricultural labour éofeurther details can be found in Huettel et2010).
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from one pre-defined size category to another mstay within a category in a given period.
The categories with regard to production status €ind are small, medium, large or being
inactive. The probabilities are directly derivedrfr the farm individual decisions for each of
the periods and thus reflect farm growth, decleat or persistence.. By means of a multi-
nomial formulation, it is possible to express thees of the log of a ratio of probabilities as a
linear function of the explanatory variables (farther details of this procedure see for in-
stance Gourieroux (2000)). Several variables haenlused to explain the transition prob-
abilities, here of particular interest is the imipafthe Gini coefficient in 1999: this allows us
to illustrate the relation between asymmetriesiéihivith respect to the period) and growth,

decline or exit activities.

3.2 Empirical findings
The empirical illustration should be judged asratfanalysis that may serve as a base for a
full structural empirical model. It should be fuethnoted that the results for (1) and (3) are of

explorative nature.

(1) Relation of Farm Exit and the Gini coefficient. A generalised linear model has been
estimated in which the share of shrinking and egitiarms is regressed on the Gini coeffi-
cient, the share of exiting/shrinking farms and ghewth of permanently large farms (farms
that remain in the large size category over botiods). Note, the variables are used in their

centred form to reduce the heterogeneity in tha.dat

The main variable of interest in the results isithpact of the Gini coefficients in 1999 and
2003, respectively, on the share of exiting andihghnrg farms. As explored above, this coef-
ficient indicates to what extend the initial farmesdistribution is concentrated. For the first
period, the Gini coefficient of 1999 is relevant the farms’ respective decisions in the sub-
sequent time period (1999-2003) and similarly, @wei coefficient of 2003 is relevant for the
second period (2003-2007) in order to account Her initial farm size distribution. In Fig-
ure 1 the relationship between the predicted sbhexiting/shrinking farms for different lev-
els of the respective initial Gini coefficient (doig all other variables fixed at zero) is illus-
trated for the structural regions. The estimateeffeanents and their standard errors are pre-
sented in the Appendix in Table A1 (Model 1).
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Figure 1: Relation between the rate of exitingfsking farms and the Gini coefficient
0.25

mLow Gini (0.47), 1999-2003 @ Low Gini (0.47), 2003-2007
B High Gini (0.63), 1999-2003 @ High Gini (0.63), 2003-2007

0.20 ]

Predcited share of exiting /shrinking farm

large equal large unequal small equal small unequal y laege
Regions

Source: Own calculation based on RDC data 1999-2007

With alow Gini coefficient in 1999 (dark grey bars), the gioted exit rate is highest in re-
gions with many large farms (‘large equal’ and {wéarge’). With ahigh Gini coefficient in
1999 (light grey bars), the exit/shrinking activiy generally higher and is highest in the
‘large unequal’ regions. Note, the first period $22003) was characterized by less favour-
able conditions. In contrast, the second perio®322007; indicated by bars with dots) was
characterized by positive macroeconomic expectatidhe results reveal that the ‘large un-
equal’ regions with an initiallynigh Gini coefficient (2003) show the lowest exit rateall
regions in that period. This sensitivity of farmmwvards changing conditions seems to be
highest in these ‘large unequal’ regions charamteriby strong initial asymmetries. Contrary
to the latter finding, regions with a ‘large uneljdi@am size distribution but &w initial Gini
coefficient in 2003 (dark grey with dots) show arease in the share of exiting/shrinking

farms in the second period.

A possible reasoning behind this finding is, thasuch regions as indicated by the initially
symmetric structure and the large average farm sipee large firms act in the regional mar-
ket for land leading to a high aggregate demanadiaiitional scarce land resources. Since we
expect the willingness-to-pay for additional larad ie high among growth-oriented farms
(e.g., through benefiting from economies of scalg, expect the willingness to pay to in-
crease in the second period under more favouradgroenic expectations, and this in turn,
may cause a higher exit rate among smaller farme.fihdings give first empirical evidence

for the theoretical findings referring to Propamitil stating that the exit rate is affected by the
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presence of the number of large firms. Further, éki¢ rate is the higher, the higher the

asymmetries are and the higher the average faemsthin a region.

(2) Joint Analysis of Farm Exit, Growth and Decline. Here, we directly refer to the full
Markov chain analysis of Huettel and Margarian @0@ith the advantage that growth, de-
cline and exits are can be analysed jointly comsidethe direct dependency of growth and
exits. Note that this comes at a cost since inMiagkov chain model growth of the large
farms cannot be detected. In Figure 2 we illustila¢efindings about the relation of farm exit,
growth and decline to the regional asymmetries oreasin terms of the Gini coefficient
(note, since the aim is account for the initial ragyetries, the Gini coefficient of 1999 is
used). The farm individual activities are summatize the transition probabilities. Since in
the multinomial formulation there is a non-lineatationship between the Gini coefficient
and the respective ratio of transition probabditie show the relation to the respective tran-
sition probabilities for three different levels thie Gini coefficient that are derived using the
guantiles: low, medium and high. Thus, for eacle siategory the predicted probability to
grow by one or two size categories, to exit orark by one or two size categories for a

low, medium and a high initial Gini coefficient greesented.

Figure 2: Partial Effect of the Gini coefficient tme transition probabilities

>, 0.35—— W Exit B Shrinkage by two classes
o
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ol —
— 020 ey
.
—
D 0.15
c
©  0.10
|_
0.05 ‘
0.00 I ; I \ . \ T \
Farm size: Large Medium Small
Gini: low  medium high  low  medium high low  mediumhigh

Source: Own calculations based on RDC data 1999-2007.

The findings as shown in Figure 2 reveal that thie @obability of all size categories is the
higher, the higher the Gini coefficient is, thug ttronger the asymmetries in a region are.
The smallest farmdhave the highest exit probability (irrespectivetiog¢ level of the initial
Gini coefficient). Further, thenedium farmgrow to a higher extent than small farms do. This

may be explained by the expected higher valuatfanitally larger firms for additional land
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resources. However, growth of the medium farmsideslwith an increasing Gini coefficient
where the highest shrinking probability of the muedisized farms is observed with a high
Gini coefficient. Given a higher valuation of larfjems for additional land resources, the
medium farms’ are therefore expected to have aehigitentive to shrink rather than to grow
(see Proposition 1). The results show also thatrapnto common beliefs shrinkage is a no-
table phenomenon and might represent a rationamadtfarms’ future growth potential is
expected to be low.

(3) Relation of Growth of the Large Farms, Exit and the Regional Structure. With regard

to this relation, we would expect that the highes share of exiting and shrinking farms is

(that refers to a higher availability of land resms), the stronger is the differentiation of

farms with respect to their size in a region. 8tgrfrom heterogeneous farms within a region
we expect the large farms to grow at the highetgsraSince in the Markov chain model

growth of the large farms cannot be explored, weethe mean growth or change rates of the
large farms in their land endowment and regress thie the centred Gini coefficient, the cen-

tred share of exiting/shrinking firms and addititpathe share of shrinking and exiting farms

using a generalised linear model in order to itiist this relation. Also here we classify the

regions and allow for varying coefficients. Theimstted coefficients and their standard errors

are presented in the Appendix in Table A1 (Model 2)

The findings reveal that the growth of large farimisncreasing in the rate of exiting and
shrinking farms. In other words, the large farmavgteast in regions if the rate of exiting and
shrinking farms is low and most if the rate of @gtand shrinking farms is high. However,
the rate at which the farms grow and the magnitifdbe impact of the exit-share differs be-
tween the structural regions and highly dependghennitial distribution of land between the
farms. If the share of exiting farms is low (notieis also implies that the pool of available
land resources is small), the impact of the exdtreton the growth rate increases with the
Gini coefficient: the higher the Gini coefficiers, ithe stronger are the growth rates deter-
mined by the exiting farms. Due to the lower eates the lower availability of free land re-
sources limits the growth possibilities are limitdthereby we would expect that the price for
land increases. On the contrary, if the share @ingxand shrinking farms is high in the re-
gions (note, this may imply that the pool of avaléaland resources is large), the impact of
the exits on the growth rates decreases in the ¢geifificient: the higher the Gini coefficient
is, the lower is the impact of exits on the growates. A low Gini coefficient together with a
higher availability of land (supply shift) may festa stronger differentiation of farms within a

region with respect to their size. The resultshertshow a significantly higher impact of the
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Gini coefficient on the growth of the large farnmsrather urban regions, in regions with a
‘large equal’ farm size structure and in regionatthre characterised by mainly cash crop
farms (note, these farms purely grow via increasésnd endowment).

Summarising, we find that regional asymmetriesrim kize are positively related to exit rates
and negatively to the growth rate of the mediunm&rShrinking is a common strategy of
medium-sized farms in the presence of (possiblyidant) large farms. While the exit rate of
the small farms is highest, medium farms grow gfevrthan small farms. These findings are
in line with many of the hypotheses found in theriture as well as with our own theoreti-
cally derived expectations. Therefore, the firspaioal findings reinforce the papers’ central
point that farms’ exit and growth behaviour is nmallyidepend and partly determined by the
specific situation in the land market.

4 CONCLUDING REMARKS

This paper sets out to analyse the impact of thialifiarm size structure on both the exit de-
cision of farms inducing free land capacities a#l a& the allocation of the newly available
land resources to the remaining farms in a padrcidgion. Against this background a model
of structural change has been set up where theefatrmaluation of additional land has be-
come endogenous. Assuming cost advantages for langes and taking into account an ini-
tial heterogeneity of farms in size, we find thatge farms tend to grow more than small
farms. Large farms’ probability to exit is very laand it is the small farms, that increasingly
leave the market in the presence of many largedaBmpirical findings point to the fact that
regional asymmetries in firm size measured by tireentration of land endowment are posi-
tively related to exit rates (mainly small farmsidanegatively to the growth rate of the me-
dium farms. The presented analysis has to be judgedfirst, preliminary approach in order
to reach some primary understanding of possiblatiogls between conditions on the land
market and structural change in agriculture. Themill a need of further improvement. For
instance, the formal analysis has to be elaboraiddthe aim to show the possibility of an
endogenous evolution of heterogeneity. This shdagddin a subsequent step translated to
structural empirical model that is then directlyireated.

Beyond the methodological issue of this paper,fmaings have practical implications. Pol-
icy-makers are interested in structural changeithabmpatible with social concepts and pol-
icy aims. Given that structural development is aghtite policy aims, policies themselves as
well as their evaluation and analysis should béezhiout at the disaggregated regional level
since given the specific situation in the land nearkhe same policy or its changes need not
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have the same structural effects in different negidOur analysis here does not necessarily
represent a justification for policy interventiori$ie existence of several possible equilibria
in farm-size structure might imply that the modtognt one is not realised and might remain
a non-realisable goal given that many markets naynperfect. Additionally under such
complex circumstances, a huge amount of detailEatnmation and data would be necessary
in order to address effective structural policiEse necessary discrimination between farmers
in different regions within such effective stru@lpolicies might not just create practical also

ethical and judicial problems.

REFERENCES

Alvarez, L. (1999): Optimal Exit and Valuation Und@emand Uncertainty: A Real Options
Approach. European Journal of Operational Resebtdh320-329.

Alvarez, L. (1998): Exit Strategies and Price Unaaty: A Greenian Approach. Journal of
Mathematical Economics 29: 43-56.

Bakusc, L., Ferto, I. (2007): Gibrat's Law Revidita a Transition Economy. The Hungarian
Case. Paper presented at the™LlBAAE Seminar, September 5-8, 2007, Budapest, Hun-
gary

Balmann, A., Dautzenberg, K., Happe, K., Kellermadn(2006): On the Dynamics of Struc-
tural Change in Agriculture. Internal Frictions,liep Threats and Vertical Integration.
Outlook on Agriculture 35: 115-121.

Balmann, A. (1997): Farm-Based Modelling of RegidBauctural Change: a Cellular Auto-
mata Approach. European Review of Agricultural Earoics 24: 85-108.

Besanko, D., Doraszelski, U. (2004): Capacity Dyitanand Endogenous Asymmetries in
Firm Size. RAND Journal of Economics 35: 23-49.

Boehlje, M. (1992): Alternative Models of Structuf@hange in Agriculture and Related In-
dustries. Agribusiness 8: 219-231.

Boehlje, M. (1999). Structural Changes in the Agjtieral Industries: How Do We Measure,
Analyze and Understand them? American Journal afcijural Economcis 81: 1028-
1041.

Breustedt, G., Glauben, T. (2007): Driving Forcehibd Exiting from Farming in Western
Europe. Journal of Agricultural Economics 58: 1171

Chavas, J.-P. (2001): Structural Change in Agnrgalt Production. In: B. Gardner and G.
Rausser (eds): Handbook of Agricultural Economics Y: 263-285. Amsterdam.

Clark, J., Fulton, M., Brown, D. (1992): Gibrat'aw and Farm Growth in Canada. Canadian
Journal of Agricultural Economics 40: 55-70.

Dixit, A. (1989): Entry and Exit Decisions under ¢émtainty. The Journal of Political Econ-
omy 97: 620-638.

Doraszelski, U., Pakes, A. (2007): A Framework Agplied Dynamic Analysis in 10. In:
Armstrong, M., Porter, R. (eds): Handbook of IndastOrganization, Volume 3. El-
sevier, Amsterdam.

Ericson, R., Pakes, A. (1992): An Alternative Theof Firm and Industry Dynamics. Work-
ing Paper, Yale University.

Eso, P., Nocke, V., White, L. (2007): Competitiam Scarce Resources. The RAND Journal
of Economics 41: 524-548.

Fudenberg, D., Tirole, J. (1986): A Theory of EriDuopoly. Econometrica 54: 943-960.

19



Frank, M. (1988): An Intertemporal Model of InduatrExit. The Quarterly Journal of Eco-
nomics 103: 333-344.

Ghemawat, P., Nalebuff, B. (1985): Exit. RAND Jaalraf Economics 16: 184-194.

Ghemawat, P., Nalebuff, B. (1990): The DevolutidrDeclining Industries. Quarterly Jour-
nal of Economics 105: 168-186.

Ghemawat, P. (1990): The Snowball Effect. Inteoral Journal of Industrial Organization
8: 335-351.

Goetz, S., Debertin, D. (2001): Why Farmers QuiCaunty-Level Analysis. American Jour-
nal of Agricultural Economics 83: 1010-1023.

Goodard, E., Weersink, A., Chen, K. and Turvey(X993). Economics of Structural Change
in Agriculture. Canadian Journal of Agriculturaldimmics 41: 475-498.

Hanazono, M., Yang, H. (2009): Dynamic Entry andtExth Uncertain Cost Positions. In-
ternational Journal of Industrial Organization 274-487.

Harrington, D., Reinsel, D. (1995): A SynthesisFairces Driving Structural Change. Cana-
dian Journal of Agricultural Economics 43: 3-14.

Hopenhayn, H. (1992): Entry, Exit, and Firm Dynasnic Long Run Equilibrium. Economet-
rica 60: 1127-1150.

Huettel, S., Margarian, A. (2009): Structural Chamgthe West German Agricultural Sector.
Agricultural Economics 40 S: 759-772.

Jovanovic, B. (1982): Selection and the Evolutibindustry. Econometrica 50: 649-670.

Kellermann, K., Sahrbacher, C., Balmann, A. (20@&nd Markets in Agent Based Models
of Structural Change. Paper presented at the FOX&E Seminar “Modeling of Agricul-
tural and Rural Development Policies”, Seville, @pa

Kimhi, A. and Bollmann, R. (1999): Family Farm Dyna&s in Canada and Israel: The Case
of Farm Exits. Agricultural Economics 21: 69-79.

Klepper. S., Simons, K. (2000): The Making of amg®poly: Firm Survival and Technologi-
cal Change in the Evolution of the U.S. Tire Indysdournal of Political Economy 108:
728-760.

Kostov, P., Patton, M., Moss, J., McErlean, S. @0Moes Gibrat's Law Hold amongst
Dairy Farmers in Northern Ireland? MPRA Paper 33J0iversity Library of Munich,
Germany.

Krishna, K. (1999): Auctions with Endogenous Valoas: the Snowball Effect Revisited.
Economic Theory 13: 377-391.

Leathers, H. (1992): The Market for Land and th@diet of Farm Programs on Farm Num-
bers. American Journal of Agricultural Economics 791-298.

Lieberman, M. (1990): Exit from Declining IndussiéShakeout' or 'Stakeout?. RAND Jour-
nal of Economics 21: 538-554.

Londregan, J. (1990): Entry and Exit Over the Indu&ife Cycle. The RAND Journal of
Economics 21: 446-458.

Maggi, G. (1996): Endogenous Leadership in a Newkita RAND Journal of Economics
27: 641-659.

Margarian, A. (2007): Mehr-Ebenen-Modelle in deralyse agrarstruktureller Entwicklun-
gen - Methodik und Implikationen. Agrarwirtscha@:340-353.

Murto, P. (2004): Exit in Duopoly under UncertainBAND Journal of Economics 35: 111-
127.

Neter, J., Kutner, M., Nachtsheim, C. (1996): ApgliLinear Statistical Models™Zedition,
McGraw-Hill Irwin.

Pietola, K., Vaere, M. and Oude Lansink, A. (200djning and Type of Exit from Farming:
Farmer's Early Retirement Programmes in Finlandofgan Review of Agricultural
Economics 30: 99-116.

20



Reynolds, S. (1988): Plant Closings and Exit Betmawvin Declining Industries. Economet-
rica 55: 493-503.

Reynolds, S. and Wilson, B. (2000): Bertrand-Edg#lw@ompetition, Demand Uncertainty,
and Asymmetric Outcomes. Journal of Economic Thé&@ryl22-141.

Saloner, G. (1987): Cournot Duopoly with Two Pramlut Periods. Journal of Economic
Theory 42: 183-187.

Schmitt, G. (1992): Verfugen die Agrarokonomen Ubee Theorie agrarstrukturellen Wan-
dels? Einige jungere Untersuchungen zu diesem ThBer&chte Uber Landwirtschaft 70:
213-230.

Shapiro, D., Bollman, R.D. and Ehrensaft, P. (198&@rm Size and Growth in Canada.
American Journal of Agricultural Economics 69: 4493.

Sutton, J. (2007): Market Structure: The Bounds rapph. In: Armstrong, M., Porter, R.
(eds): Handbook of Industrial Organisation. Volugé&lsevier, Amsterdam.

Sutton, J. (1991): Sunk Cost and Market Structlihee MIT Press. Cambridge, USA.

Tonini, A. and Jongeneel, R. (2007): The Distribatiof Dairy Farm size in Poland: A
Markov Approach Based on Information Theory. ApglEEeconomics 1: 1-15.

Vranken, L., Swinnen, F. (2006): Theory and Evigefrom Hungary. World Development
34: 481-500.

Whinston, M. (1988): Exit with Multiplant Firms. BnRAND Journal of Economics 19: 568-
588.

Weiss, C. (1999): Farm Growth and Survival: Econmimévidence for Individual Farms in
Upper Austria. American Journal of Agricultural Bomics 81: 103-116.

Zepeda, L. (1995): Technical Change and the Strectdi Production: A Non-Stationary
Markov Analysis. European Review of Agriculturalddomics 22: 41-60.

21



APPENDI X

Table Al: Estimated coefficients for the modelslakpng the rate of exiting/shrinking farms
and the growth of the large farms

Model 1 Model 2
Variables Interaction of Cluster Share of iegit Growth of
the variable with... Characteristic shrinking farms the largerfa
Intercep 0.18¢ 6.9t
(0.007) *** (1.21) **=*
Centered 0.054 -5.08
Gini coefficient (0.085) (19.30)
Year -0.018 2.63
(0.003) *** (0.44) **=
Centered Year -0.02 -
Gini coefficient (0.118)
Centered share of - 32.49
exiting/shrinking farms (6.68) ***
Centered share of Centered - -310.43
exiting/shrinking farms Gini coefficient (76.60) ***
Regional clusters with large equal 0.006 2.96
respect to the farm si: (0.006) (0.91) **
structure large unequal 0.009 0.58
(0.008) (1.34)
small eque -0.01¢ 2.5€
(0.006) ** (1.04) **
small unequi -0.01z 2.1¢
(0.005) ** (0.81) **
very large 0.00( 0.0cC
Regional cluster Centered large equal 0.120 40.09
indicator with respect  Ginj coefficient (0.120) (14.65) **
to the farm size large unequal 0.560 8.46
structure (0.189) ** (24.33)
small equal 0.199 -3.92
(0.099) * (14.52)
small unequal 0.298 -5.96
(0.096) ** (12.24)
very large 0.000 0.00
Regional cluster Centered large equal 0.059 -
indicator with respect  Gini coefficient (0.162)
to the farm size & Year large unequal -0.771 -
structure (0.215) *+
small equal -0.080 -
(0.132)
small unequal -0.131 -
(0.133)
very large 0.000 -
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