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Zusammenfassung

Im vorliegenden Beitrag wird innerbetriebliches \Wsitms von deutschen

Milchviehbetrieben mittels der Ereignisanalyse wsueht. Dabei wird die Wahrscheinlichkeit
des Austritts aus einer Nicht-Wachstumsepisode bes.Eintritts in eine Wachstumsepisode
eines Bebetriebes geschatzt. Darlber hinaus weHieflussfaktoren auf die ermittelte

Ubergangswahrscheinlichkeit identifiziert. Die Dageundlage bildet ein balanciertes Panel
mit 616 spezialisierten Milchviehbetrieben, von een die betriebswirtschaftlichen

Jahresabschliisse (von 1995/96 bis 2008/09) undemeiinformationen Uber die

Produktionstechnik sowie den Betriebsleiter vogieg

Schlisselbegriffe: Ereignisanalyse Milchviehbetriebe, innerbetriebliches Wachstum,
Einflussfaktoren auf Wachstum

Abstract

This paper investigates determinants of growth ok qroduction in German dairy farms.
Event history analysis is applied to estimate tkelihood of a farm’s moving from a non-
growing episode into a growing episode and to astesimpact of various covariates on that
likelihood. The analysis is based upon a balan@ttlpof annual farm accounts from 616
specialised dairy farms from Germany, coveringfih@ncial years 1995/96 to 2008/09.

Keywords: Event history analysis; dairy farms; internal gtioywdeterminants of growth

1. Introduction

Motives for farm growth are diverse. They are taneoextend inherent to the economic
system because, for example, other firms in thelgughain are growing as well and abet
bigger batch sizes. Motives are also strongly eeldbd the farm owner’s attitude which might
be driven by the farm’s succession. Moreover, tloditipal framework condition may
determine farm growth. However, from an economispective the main objective of growth
is supposed to be the improvement of the competiggs of a farm. Hence, it should be a
continuous process in order to bring forward techineffort on the farm, making the best use
of production factors and thus gain economies alfesc

The political framework of the German milk market determined by a common market
organization for milk of the European Union, whialas introduced in 1968. Due to huge
overproduction a milk quota was implemented in 19Bihce then the rules for trading the
guota changed three times. From 1984 to 1990 thle gqunibta was linked to land and thus
could only be transferred with land. Furthermorecaaple of additional requires like a
maximum production per hectare needed to be fididfi The second ‘epoch’ was from 1990
to 2000 when renting, leasing and sale of milk gutgcoupled from farmland was allowed.
Since 2000 a milk quota auction is implemented @r@any. There are three trading events
per year. In the beginning Germany was divided i2fo trading regions and thus only
regional trade of quota was possible (Brimmieal, 2003). In 2007 the number of regions
was reduced and there are now two trading regamms:in eastern and another one in western
Germany. Consequently, milk production capacity caw move from north to south but not
from east to west. Nevertheless, the European méiket is in a liberalization process which
has a highlight in 2015 when the quota shall bdistied (European Commission, 2009).
Especially the latter change, the introductionta guota auction, improved transparency of
the quota market and enabled larger regional shifisroduction (Kleinhanf&t al, 2010).
Hence, this structural change is supposed to bdenpartant event affecting growth of dairy

2



farms within the observed period of this study.tRermore, it can be assumed that time plays
an important role in explaining farming decisioas, it captures unobservable influences such
as increasing competition. In the present studyalanted panel of 616 specialized dairy
farms from Germany is analyzed over the period frb®®6 to 2009 with event history
analysid. Using this dynamic econometric framework enabieso investigate the impact of
farm and farmer characteristics as well as unolbédevand not measurable effects on growth.
The latter are referred to as the impact of time @n be characterized as forces on farming
decisions which are inherent to the economic systarmers will continually strive for cost
reduction, especially in the face of declining mpliices. Besides management optimization
this can best be done by capturing economies ¢é smaugh expansion.

2. Literature review

Event history analysis was originally developed d&mds has been used frequently in the
medical science, empirical social research andrlabonomics.

In the field of agricultural economics applicatiooksevent history analysis are rare so far.
Burtonet al. (2003) point out that the dearth of applicatiomagricultural adoption is rather
surprising as the great advantage of duration aiglg that it deals with both cross-section
and time series data. There are a few studies whiastigate adoption of political schemes
or technigques. Some of them which have been dotteeinecent past shall be presented here.
Wynn et al. (2001) investigated the probability and rate ofrfar entry into environmental
sensitive area schemes in Scotland using multindogda and duration analysis, respectively.
They found a number of generic factors as importargxplaining the entry decision. The
duration analysis suggested several factors aatglgrscheme entry: an interest in conserva-
tion, more adequate information and more extensi&ems. Burtoret al. (2003) used
duration analysis to model the adoption of orgdradicultural technology in the UK. They
used discrete time models to explore the influesfce range of economic and non-economic
determinants. Their results highlight the impor&amd gender, attitudes to the environment
and information networks, as well as systematieat$f that influence the adoption decision
over the lifetime of the producer and over the syrperiod. In another study Dadt al.
(2004) examined the technological adoption behaww@r time of smallholder farmers in the
East and West Shewa zones of the central highlainBthiopia using duration analysis. They
focused on fertilizer and herbicide use in theieatton of tef and wheat which are the major
crops in terms of both area and total productiothaf region. They found out that economic
incentives were the most important determinanttheftime farmers waited before adopting
new technologies; traction power in the form of mxaad infrastructural factors (in particular
proximity to markets) also appear to have influsndaut less than prices. Lapple (2010)
investigated determinants that affect adoption abandonment of organic farming of the
Irish drystock sector in the period from 1981 t®d@0The results highlight that where no
attempt is made to account for exit decisions ame effects, important information about
sustainable farmer decisions may not be takenaatsideration. Growth of dairy farms has
not been analyzed with event history analyses soHawever, there are some studies in
which farm size, entering and exiting farming adlwe farm diversification is investigated.
Foltz (2004) used a model of sunk costs and farpitalanvestment to specify two econo-
metric estimations: a random effects Probit modelaom entry and exit and an autocorre-
lated generalized least squares panel data modefrofsize. He found that the price strategy
of the New England Dairy Compact, i.e. a formaleggnent between the six New England
states, which allowed for the establishment of gioral pricing mechanism for fluid milk,

! In the literature the terminologies event histanalysis, analysis of failure times and survivallgsis are used
synonymously.
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reduced farm exits and moderately increased cowbeuwn Weiss and Briglauer (2000)
analyzed determinants and dynamics of farm diveetibn using linked census data for
Upper-Austria from 1980, 1985 and 1990. With regaydfarm size they found out that
smaller farms are specialized and also tend teas® the degree of specialization over time
more quickly than larger farms. Glaubenal. (2003) explored regional differences in farm
exit rates using county-level data from 326 regiongVestern Germany. Econometric cross
section estimates indicate that exit rates arednighregions with smaller farms. Huettel and
Jongeneel (2008) analyzed structural change indgiey sectors of Germany and the
Netherlands using the Markov Chain approach. Tlewd out that structural change in the
dairy sector is faster in West Germany than in Netherlands and fastest in the East of
Germany.

3. Hypotheses on growth of farms milk production

As stated in the introduction motives of growthmiilk production are diverse. In this study
growth is defined as increasing in milk quota. Evemotives of growth are diverse, we
consider only economic rationales in the followiigere is evidence in the literature of farm
economics that growth into certain farm sizes vgdin economies of scale, decrease
production costs and thus improve competitiven€se(tz, 1999; Lassest al.,2008).
In milk production there are two ways to incredse rhilk output: first via increasing the milk
yield per cow and secondly via herd growth. Theaialcaverage herd size in German dairy
farms is 46 cows per farm with an average milkdsiel roughly 6,800 kg per cow and year
(Destatis, 2010). However, farm structures areedtffit in Germany. In the northern part
farms are bigger than in the southern part of Gaym&lence, there might be regional
differences in the motives for farm growth, the Wy to grow and in the growth rates.
Based on this background and with regard to thdadla information on the underlying farm
data set the following hypotheses (H) on the deguakent of growth over time and the
analyzed covariates for growth of dairy farms werade. The event of growth is defined as
the time when a farm leaves the “non-growing e@Sd@GE). In terms of event history
analysis exiting the NGE (origin state) is equiwvdl® entering the “growing episode” (GE)
(destination state).
H1. The probability of entering the GE increasesravme: This hypothesis is based on the
assumption that growth is up to a certain degréerant to the economic system and, for
example, other firms in the supply chain abet bidgech sizes over time. Additionally, it is
supposed that a farm needs to improve its compeisge over time in order to compete on
scarce production factors, e.g. land.
H2. Northern farms grow more frequent than farmshi@ center and south of Germarhe
analyzed farms are clustered into three regionsthnaenter and south. Due to more
favorable farm structures for milk production irethorth of Germany, especially with regard
to land, farms tend to grow more frequent and/ahWwigher grow rates.
H3. The greater farms milk production in terms abta the shorter the stagnation episode:
Increasing farm sizes abet exploitation of econgmoiiescale going along with realizing cost
saving potential. As a result a greater farm téndeature a higher competiveness and thus is
more able to defray internal farm growth.
H4. The larger the share of own land on total lahd higher the probability to enter a GE:
high share of own land on total farmland indicatest the farm has collaterals and thus is
supposed to take out a loan at more favorable tondithan farms with less own land.
Moreover, the farm has to pay less land rents hecktore faces a better liquidity in times of
low milk prices.
H5. The higher the share of grassland on total fard the longer lasts a stagnation episode:
It is assumed that farms in grassland regions fedtuer quality of forage in terms of energy
contend than farms in areas with arable fodderymtioh. Farms in grassland regions tend to
4



have lower milk yields from forage. This makes atesfficient milk yield increase difficult.
Hence, the probability to enter a growing epis@assumed to be lower.

H6. Higher increase of average milk yield per cavd/r number of cows per farm induces
growth in terms of milk quotarypically, small growing steps were done withoutghasing
quota (or until the year 2000 leasing and rentirgenalso possible). Hence up to a certain
degree, farmers take the risk to pay a fee for queta produced milk. However, reaching a
certain level of over quota production via milk lgiencrease and/or herd growth, the risk of
paying the fee accelerates a growing step by paineganilk quota.

H7. A high share of subsidies on total returns tkyedes growth:Incentives to improve
competiveness via cost decreasing by exploitati@conomies of scale dwindle as a result of
higher direct income support.

H8. Younger famers have a higher incentive to gr@hder farmers tend to have a lower
readiness to assume risks. Consequently, in ogpimsfuture-oriented younger farmers, older
farmers have a lower motivation to withstand contioet pressure by internal growing and its
associated risk.

H9. A higher level of agricultural education advasagrowth:Economic success is, inter alia,
based on managerial skills likely going hand in chawmith a high education level.
Consequently, a solid agricultural education is important fundament for sustainable
growth.

H10. A milk price increase encourages investmantsilk production:A considerable milk
price increase during a NGE accelerates investmdundsto a better liquidity. It is further
expected that episodes of high milk prices aregimmg confidence with regard to the attitude
to future perspectives of farmers what probablyt@tecisions for growth.

H11. Fee for over-quota production reinforces inbes for growing in milk productionA
high expenditure for over-quota production indisatieat some small growing steps, e.g. via
increasing milk yield, have been done without edirg quota. In order to avoid or reduce the
fee farmers have an increasing incentive to explaeid milk quota.

H12. Farms with a higher income per kg milk are enlikely to grow:Farms with a relatively
high farm income per kg milk are utilizing theirpagities more efficient. Due to a higher
profitability these farms are more likely to defrgripwing steps.

H13. The introduction of the quota auction in Genyan the year 2000 supports internal
growth: The quota auction brought the possibility to dem#émde times per year batches of
milk quota. Purchasing milk quota has become eaditer the introduction of the quota
auction in 2000.

4. Methodology

The set of statistical models used to implemenhekiestory analysis can be differentiated in
three approaches: nonparametric estimation metipadametric models, and semi-parametric
transition rate models. Nonparametric estimatiorthoas are more likely of a descriptive
nature and can be used to describe the process asnaly. These methods are especially
helpful for graphical presentation of the survifnction as well as the transition rate.
Parametric models are a general statistical tedeniljrough which one can analyze how the
transition rate is dependent on a set of covarifeghermore, parametric models permit the
analysis of the impact of duration dependence &edinfluence of one or more parallel
processes by the use of time-dependent covariBtessfeld and Rohwer, 2002). In order to
illustrate the impact of different parametric modpkcifications on the estimation results of
our empirical study and to compare their outcomes select four different methods out of
the group of various parametric approaches: ERponential Transition Rate Modethe
Piecewise Constant Exponential MadbkeGompertz Modeland the_og-Normal Model.
Parametric models are based on specific paramatsamptions about the distribution of
episodes durations. Time in these models normaiyes as a proxy variable for a latent
5



causal factor that is difficult to measure direct\pplying a specific parametric model in
empirical event history analysis often causes tioblpm that the implicitly made parametric
assumptions cannot be adequately justified by gttteoretical argument&lossfeld and
Rohwer (2002: 176ff.) therefore suggest to use these msodéh extreme caution. In their
opinion, estimating a variety of model specificas@and comparing the results seems to be an
appropriate strategy. An interesting alternativahe parametric model is the use of semi-
parametric models. These models only require tleeiBpation of a functional form for the
influence of covariates, but leave the shape oftitéuesition rate as unspecified as possible.
The most widely applied semi-parametric model i phmoportional hazard model by Cox
(1972), also referred to &ox Model As an alternative to the above mentioned parametr
methods we also apply the Cox model in this stléaving the shape of the transition rate
mostly unspecified enables us to proof its effettlee estimation outcomes compared to the
results of the parametric models.

Exponential Transition Rate Modelrhe exponential transition rate model assumesttieat
residence timet() in an origin state, i.e. the duration of an egesocan be described by an
exponential distribution. It is taken into accotimat the risk, that an event happens, depends
on a set of covariates. This enables the analys&stigate how the transition rate describing
the process under study (in our case the intemoalty of a farm’s milk production) depends
on observable characteristics of the individuakr€hdairy farms) and their environment. As
Blossfeld and Rohwer (2002: 99) mention, the efigfcta covariate on the transition rate
reflects both: (1) its impact on the speed of thpethdent process and (2) its impact on the
proportion of individuals who have experienced aang after a certain time.

In the basic exponential model, the transition @a vary with different constellations of
covariates, but is time-constant. Thus, using #poeential model implicitly assumes that the
process under consideration is not time-dependent.

A general definition of the time-constant transitiate from origin statg to destination state

k is (see Blossfeld and Rohwer, 2002: 87)
e (t) =1, = exp{ajko+Ajk1ajk1+ } = expEAjkajk}, (4.1)
where A defines the (row) vector of observed covariated an describes the (column)

vector of associated coefficients, both specifichwiegard to the origin state and the
destination stateg, is a constant term.

This exponential model, like all parametric traiasitrate models, can be estimated by using
the maximum likelihood method (see, for exampldisAh, 1984).

Piecewise Constant Exponential Mod€he piecewise constant exponential model is only a
simple extension of the above described standgrdrential model. As the term of the model
already refers to, the hazard rates are assumuel peecewise constant. So the basic idea is to
split the whole observation period into severaktiperiods and to assume that transition rates
are constant in each of these intervals but cangshdetween them (Blossfeld and Rohwer,

2002: 120). By splitting the time axis into intelwa, (I :l,...,L) , the transition rate; from
origin state to destination stat& is given as

r (t) :exp{c_rl(jk) +A(jk)a(jk)} if tal,, (4.2)
with A™) the vector of covariates, and'® the associated vector of coefficients. It is
assumed that the effects of the covariates on ribeeps under study are constant across the
time periods. In contrast, estimated period-spe«:iﬁnstantﬂ(’k) are allowed to vary across
the time intervalsl,. The baseline rate, given by these period-speciitstants, serves to
examine the force of change over time. Increasorgpetition pressure in global markets, for
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instance, could lead to the fact that dairy farnagesincreasingly forced to realise cost saving
potentials by means of internal growing along véakploitation of economies of scale. Thus,
the longer dairy farmers remain inactive (i.e. witicreasing duration in a stagnation
episode), the more the competitive conditions iasee the pressure to grow in milk
production and to improve the competitiveness bplatng cost saving potentials, for

example.

Gompertz ModelParametric techniques are based on assumptions teofunctional form

of the transition (hazard) rate and the way thelaagiory variables, i.e. the covariates,
influence the probability of changing a specifiatstover time. The functional form of the
hazard rate reflects how the probability of theresponding event changes over time and
consequently depicts the parametric model’s unaeylgssumption about time-dependence.
Time-dependence in parametric models might be ssethe result of a diffusion process,
reflecting the changing relationship of a set déidependent individual units in a dynamic
system over time (Blossfeld and Rohwer, 2002: T7M8kmann, 1989: 32ff.). The Gompertz
model is an appropriate parametric approach, ifstutive theory in the run-up to the
empirical event history analysis suggests the nliogebf a time path with a monotonically
decreasing or increasing transition rate. Refertmghis, we hypothesize in our empirical
study a causal mechanism that with increasing wurah a non-growing episode of milk
production, the hazard rate rises monotonicallgrdasing competition pressure over time,
for example, leads to the fact that ever more dirgners have to consider their own com-
petitive power. Exploitation of economies of schiegrowing in milk production could be
one way to withstand the increasing pressures ofpetition. The transition rate, of the

Gompertz model used in this study is given by
r (t) =b, exp{cikt} by = ex;{ B('k),[z’("‘)} , Gy S (4.3)
BY denotes the (row) vector of time-constant covasatvith the first component of the

vector assumed to be equal to op@*) and yéjk) are the coefficients of the model to be

estimated. In the Gompertz model, the transitiote ramonotonically decreases if the
parameterc, is negative and it monotonically increases, ifftheameterc,, is positive.

Log-Normal Model:The log-normal model is suitable if it is theoratlg well-substantiated
that the transition rate is somehow bell-shapedisTin contrast to the Gompertz model, the
log-normal model implies a non-monotonic relatiapdbetween transition rate and duration.
This means that the transition rate initially irages to a maximum and afterwards decreases
in the course of time. Such a bell-shaped tramsitae is plausible in theoretical terms if two
explicitly not measurable contradictory causal ésranfluence the process under study. Due
to the non-measurability of the causal factors, dheation of an episode has to serve as a
proxy variable for them. It is conceivable, for tensce, that in a stagnation episode an
increasing competitive pressure and the resultecessity for farms to realize cost saving
potentials by exploitation of economies of scale thuinternal growth increases the transition
rate up to a certain point. On the other handarifers haven’'t been growing in a long-term
view, it can be expected that the willingness ddlimng growth steps in the future will
continue to be reduced as time passes. Hencepisisible that the transition rate strongly
increases for some years and then slightly decsed&sehe standard log-normal model the

transition rater, (t) can be estimated as (Blossfeld and Rohwer, 2002): 2
(ik)
rjk (t) 1 qo(zt ) (jk) |Og (t) _ajk

= L =L Tk g = AMaM b =exd gM)  (4.4)
by t 1—¢(Zt('k)) = by " % p( ’ )




A¥) is the covariate vector with the first componest a constant equal to one. The
associated coefficients vectors™ and ﬁé'k) are the model parameter to be estimated. The
estimated parametdr, gives further information about the non-monotqguattern (skew and

kurtosis) of the transition ratgz and ® denote the standard normal density function ard th
standard normal distribution function.

Cox Model: Time in parametric models with an assumed time-déget transition rate
normally serves as a proxy variable for a latentseh factor that is difficult to measure
directly (cf., Blossfeld and Rohwer, 2002: 228).eTimain weakness of such models is that
their results can be influenced by the made pamratsumptions about both: (i) the time-
dependence of the process under study, and (iiyvehethat explanatory variables influence
the risk of having an event. The Cox model howewely requires the specification of a
functional form for the influence of covariates,tbeaves the shape of the transition rate as
unspecified as possible. Thus, results of evembidyienalyses based on the Cox model are no
longer influenced by more or less arbitrary assuwngtabout the time-dependence. The Cox
model used in this paper specifies the transitate as (see, e.g., Blossfeld and Rohwer,
2002: 229; Lin, 2003: 821; Jenkins, 2005: 28; BRE)6: 22)

rjk (t) = hjk (t) exp{ A(jk)a(jk)} (45)
Thus, the hazard rate, (t) at timet for a transition from origin stat¢ to destination state

k is defined as the product of two factors: (i) amspecified hazard function for the
transition, h,, (t) , also called baseline rate, and (ii) an expontadianear function of a set of

time-constant covariateA™ and their associated coefficiert$™ . The baseline rate, which
depends on the timé captures the shape of the transition rate andehsaommarizes the
pattern of “duration dependence”. The model esionais based on the method of partial
likelihood, developed by Cox (1975). It should beted that the partial likelihood method
gives estimates of the coefficients of the Cox nhdolét no direct estimates of the underlying
baseline raté.

5. Data and explanatory variables

The underlying dataset of the present study counsiatbalanced panel containing 616 dairy
farms in Germany, each farm observed over the gdrmm 1996 to 2009. The data were
provided by IaAND-DATA GmbH, a leading software house and service prowdéhe field of
agricultural accounting in Germany. The databasgatos the annual accounts for each farm
over the observation periddn addition to these economic information, theadset encloses
a series of socio-economic and other farm-specHiracteristics, for instance, such as age
and education level of the famer, the farm’s geplgical location and a variety of production-
related parameters, e.g. milk yield, herd size,@amhof farmland, stocking rate.

In order to illustrate the farms under study arglrtdevelopment over time some descriptive
statistics are given in Table 1. At this, the dgdire analysis concentrates on the first and
last accounting year of the observation period pnovides the mean and the standard
deviation (in parentheses) of some economic, secomomic and production-related
variables.

2 For further information about the partial likeli estimation we refer, for instance, to Cox (19Bpssfeld

and Hamerle (1989), Blossfeld and Rohwer (2002), &al Jiang (2009).

% In Germany an accounting year in agriculture retipely covers the period from the 1st of July tm BOth of

the following calendar year, defined as financiuwy Thus, the first financial year observed in datiaset is the
period from 1st of July 1996 to Jun 30th 1997 wiiile last one is the period from 1st of July 2088un 30th

20009.
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As can be seen from Table 1, the analyzed farmeased their herd size during the obser-
vation period by an average of about 30%. Duriregghme period the average milk yield per
cow and year has been increased by approximatéfy I8e amount of a farm’s milk pro-
duction in 2008/09 was on average 63% higher coegptar the financial year 1996/97. At the
same time, the nominal value of the whole farm ipmailse by 74%. The mainly increased
standard deviations of the parameters give an atidic of a higher heterogeneity of the
observed dairy farms in 2008/09 compared to 1996/97

Analyzing the farms by their geographical locataonmd, therefore, grouping them into three
regions of Germany, in the following called “North“Center®, and “South®, shows that the
highest proportion of the observed farms are latatethe south of Germany (67%). In
contrast, 20% of the observed farms are locatéderNorth and only 13% in the Center.

Table 1: Descriptive statistics of the analyzed datset (n=616 farms)
Indicator Unit Mean (SD.) Mean (SD.)
1996/1997 2008/2009
Herd size Cows / farm 48 (19) 62 (33)
Milk production kg / year 256,243 (122,461) 419,8085,836)
Mik yield kg / cow / year 5,794 (1,075) 6,811 (1,435
Total farmland ha 48 (25) 61 (35)
Stocking rate cows / ha 1.11 (0.45) 1.09 (0.36)
Whole farm profit €/ farm 23,205 (21,159) 40,353,036)
Age of farmer years 53 (11) 50 (9)
Index of 1 = no education 2.9 (10) 32 (0.9

agricultural education 5 = agr. engineer
Source: own description

The selection of covariates was done based on alat#ability. In advance a correlation
matrix was compiled in order to test on multi-ceelarity between the variables. Thus the
covariables represent a sound set of informatiotherfarms ensuring correlation coefficients
of < 0.3 among all selected variablés. the following we describe the selected covasaiut

of the data set available, ensured that no muHiraarity is given. In the further course of
this paper, the impact of these covariates on peed of the dependent process, i.e. the
growth of a farm’s milk production, will be testeand discussed. Accordingly, the
corresponding descriptions of the covariates caselea in the presented result tables later on.
(1) Region Two covariates, referred to as “Region South” &rdgion Centre”, were pro-
grammed as binary coded variables based on avhitdble, named “Region North”. These
variables indicate the location of the farms intiree observed regions in Germany.

(2) Milk Quota The impact of farm size on growth was measuredlp8,000 kg milk quota

at the end of a non-growing episode.

(3; 4) Share of own lan@ndshare ofgrass land These variables show the proportion (in %)
of own land and grass land on total farmland, retspaly.

(5; 6) Average milk yield increasendaverage herd growthinternal growth in farm’s milk
production is possible via milk yield increase cédted in 100 kg per cow and year and / or
via herd growth which was considered in numberavi<per farm and year. Both parameters
were measured on average during a non-growing @piso

* Containing the federal states: Lower Saxony, Mealirg-Western Pomerania, North Rhine Westphalid, a
Saxony-Anhalt.

® Containing the federal states: Hesse, RhinelanatiRate, Saarland, Saxony, and Thuringia.

® Containing the federal states: Baden-WuerttembatyBavaria.

" According to Nachtigall and Wirtz (2002 91) as & Biihl and Zofel (2002 318) correlation coeéitis of <
0.5 indicate a “minor correlation”.
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(7) Share of subsidies on returrighe share of subsidies is measured in perceatagéarm’s
returns. Subsidies include in this case all govemad payments. However, the main part is
related to a payment per hectare which is paid ui@ed from production.

(8; 9) Age of the farmeand level of farmer’'s agricultural educatioriThe farmer’'s age is
considered in years. The level of the farmer's@gtiral education is measured as an index
(1 to 5). Level 1 stands for the lowest educatewel (no agricultural education), 2 is equal to
“still in education”, 3 indicates “skilled worker4 means “master craftsman” and 5 is the
highest level “agricultural engineer”.

(10) Milk price differenceThis is covariate measures the development afra’é milk price

(in € Cent per kg milk) in the last year of a namwging episode.

(11) Fee for over quota productiorA farm’s fee for over quota production is measune
relation (%) to the milk returns at the end of a1gwowing episode. The fee for over-quota
production is a prohibitive instrument of the Ewap Union’s common milk market
organization. The level of the prohibition is detéred by the degree of over production per
country. As balancing between federal states sl the fee had often been low.

(12) Farm income The impact of profitability on growth is measured€ Cent farm income
per kg produced milk (quota and overproductiorthatend of a non-growing episode.

(13) Quota Auction In order to investigate the impact of the ‘nevdding system for quota,
the quota auction, a dummy variable for the intctdun in the year 2000 was included into
the event history analysis.

6. Results and Discussion

In this empirical study determinants of internabwth in dairy farms are identified using
different models of event history analysis. Therguvender study is the internal growth in
farm’s milk production, which is measured as anrease of the farm’s own milk quota,
annually recorded in the underlying data set. GQwaota production is not considered as
growth because this must not necessarily be aeaserof production volume for longevity.
Estimating the effects of several covariates omridl growth in milk production by appli-
cation of (semi-)parametric models requires thesmmration of superposition-effects of
covariates with regard to the degree of growthimehis study the percentage increase of own
guota per growing episode. For example, the fasizs (here measured in kg milk quota) not
necessarily abets both small and high internal growith regard to consequential costs
bigger farms may prefer smaller growing steps élative terms) while smaller farms may
tend to do high growth when they, for example, geatheir production system from a 30
cow place stanchion barn into a 60 cow place ftak Barn with milking parlor. For this
reason the present study will focus on analyzirgithpact of the above mentioned explana-
tory variables (section 5) on big growth steps itkproduction. The definition of big growth
steps was done by selecting the upper quartilgpisbdes (n = 304) out the data sample with
the highest growth rates after leaving a non-grgnepisode. As a result, an increase of a
farm’s own milk quota by more than 21.75% of théior milk quota is defined as a big
growth step.

This section continues as follows: First generakamn the different model outputs will be
made in order to explain how to interpret the rssulhereafter determinates of internal
growth will be present and by discussing them vierr® the hypotheses which were made in
section 3.

6.1. General notes on the different model outputs

The Exponential modeA simple model without covariates would treat ttedadas a sample
of homogeneous individual growth episodes. Hentestimating a model without covariates
we would abstract from all sources of heterogenaitypng farms and their growth episodes.
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As we are interested in analyzing how a farm’s d¢how milk production depends on
observable farm-specific characteristics and tleivironment, we strive to estimate and
proof the impact of the covariates mentioned inptdi@5 on a farmer’s decision to grow in
high growth steps. With a view to Table 2 (on pddg and under consideration of the
estimation results of the Exponential model, we fiedt of all, a value of the log-likelihood
function: -1024.60. Using the likelihood ratio tese can compare this model with the
Exponential model without covariates and testh# null hypothesis that the additionally
included covariates do not significantly improves tmodel fit holds. Here, with a given
significance level of 0.01 we conclude that thel ilpothesis should be rejected. Thus, at
least one of the included covariates significamtiproves the model fit. More precisely, there
are eleven significant explanatory variables fghhgrowth in milk production: the covariates
“milk quota”, “share of grassland”, “average milkel increase”, “average herd growth”,
“share of subsidies on returns”, “age of the fafinend “milk price difference” are
significantly different from zero at the 0.01 levéhe covariates “fee for over quota milk
production” and the dummy for the year of the impémtation of “milk quota auction” are
both significantly different from zero at the le\®D5; and the “share of own land” and “farm
income” are significant at the level 0.1 (see T&lle

The Piecewise constant mod&lcomparison of this model with the Exponential rablolased
on a likelihood ratio (LR) test shows that the Rigise constant model provides a highly
significant improvement (LR = 171.14). The estindaparameters for the baseline transition
rate are significant in four periods of a non-gnogviepisode. Since we define a period as a
two year lasting time span, the first two perioids,example, contain the first four financial
years of a non-growing episode. During these foeriogs the baseline transition rate
increases from 1.13 to 2.02. This means that withnareasing duration in a non-growing
episode the need to grow in milk production (ikee hon-growing exit rate) increases. With
regard to the hypotheses (H) which were made iticge8 the output of this model supports
H1. There it was supposed that the probability mteeng the growing episode increases
overtime as a result of an increasing need to ingrDmMpetiveness and other reasons being
inherent to the economic system.

Defining the periods, we choose a two year ladiimg interval for our estimation. Generally,
time periods can be arbitrarily defined, but thisrgeome trade-off. Choosing a large number
of time periods provides a better approximationhef baseline rates. However, this implies a
large number of coefficients to be estimated. Gndther hand, choosing a small number of
periods will cause less estimation problems, bateths probably a poorer approximation of
the baseline transition rate. Therefore, as a comjze, we define a period as a two year
lasting time span.

The Gompertz modeThe output of this model provides as well as thec@wise constant
model information on the impact of time on the degent process under study. Time serves
as a proxy variable in event history analysis m®deke section 4). As hypothesized in
section 3 it is supposed that over time the prditabof entering the growing episode
increases. This hypothesis is supported by thenpetea ¢, which is positive and significant

different from zero at the 0.01 leve€,(=0.194€). We therefore conclude that with an

increasing duration in a non-growing episode th@dition rate increases monotonically due
to some unobservable factors (especially an inorgagsessure caused by competition).

The Log-normal modeln terms of statistical significance and effectediion of the analyzed

covariates, the results of the Log-normal modellmsically the same as the results of the
other models. However, one must note that the sigrthe estimated parameters must be
multiplied by -1 to get coefficients comparablethe other models. The estimated coefficient

Bjk =exp(-0.133= 0.87 is highly significant. Thus, with regard to theeskand kurtosis of
11



the transition rate function, the included timest@mt covariates in thé\"™) -vector of the
Log-normal model make the non-monotonic pattertheftransition rate function significant
different from a reference function with, =1. The reference function describes the skew

and kurtosis of the non-monotonic transition raem initial situation. In our case, b§ is

lower than 1, we conclude that the covariates middee non-monotonic pattern of the
transition rate function flatter and less skewedhi left than it is the case for the reference
function.

The Cox ModelThe vector of associated coefficients has the same interpretation as the
corresponding vector in the parametric transitiate rmodels. The estimated coefficients
resemble the results for the other models. Thut keigard to the covariates and in terms of
effect-direction and significance of the effectise tsame substantive conclusions must be
drawn. However, it should be noted, that thereasstimate for the constant anymore. The
linear combination of the row vector of covariatsd the column vector of associated
coefficients cannot contain an intercept becaugeishabsorbed in the baseline rate which
doesn’t have a specified functional form. Thus, do@stant becomes part of the baseline
hazard rate in the Cox model. As can be seen frmndsults, controlling for an unspecified
baseline hazard rate in the Cox model does nottatfifiee coefficient in terms of the effect-
direction and significance level, compared to #suits of the other models estimated.

12



Estimation results for farms with observed high quota growth after
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6.2. Determinants of internal growth

In section 3 hypotheses were made on all analypedriates. With regard to time, which

serves in event history analysis models as a pnayable for unobservable or non-

measureable time-dependent influences on the maceder study, it was assumed that “the
probability of entering a growing episode increasesr time”. The estimated coefficients for

the period-specific constants of the Piecewise teoisnodel as well as the, -constant of

the Gompertz model support this hypothesis for higlota growth. Hence the results
document that there is a need for farms to growckvie somehow inherent to the economic
system and targets the improvement of competiveness

With regard to the farms under study, a dairy fararmount of milk quota was treated as a
measure for the farm size. The hypothesis “thetgrefarms milk production in terms of
guota the shorter the stagnation episode” is nopated by the results. Indeed, the estimated
coefficient for the corresponding covariate is #igant but has a negative sign. Hence,
growth rate of more than 21.75% per growing episadech was the criteria for high growth
in our study, is more likely for smaller farms thtor bigger ones. This could result of a
technology change of small farms from a stanchiam barming system to a free stall barn
system with milking parlor. This is a typical stap farm development especially in the
southern part of Germany where still about 50%hefdows are tethered. In the range of such
a technology change a doubling of the cow herdsisndtive. Once farms changed into a free
stall barn farming system they tend to carry ouglgen growing steps (in relative terms) in
order to defray absolute costs of growth.

The coefficients of the two explanatory variabl&hare of own laridand ‘Share of grass
land are significant. The share of own land, howewdd not accelerate growth as it was
assumed in hypothesis 4. There it was hypothesimdc high share of own land might allow
for taking out loans at more favorable conditidmant farms with less own land could do. The
results, however, suggest that farms with high gugpowth tend to have less own land. This
is a result of nutrient regulations which govern Germany a maximum application of
nitrogen from manure per hectare. Consequentlyy rgwth in milk production demands for
appropriate growth of farmland. Individually, puase of farmland is limited due to potential
capital restrictions and regional scarce supplyantl. Thus, renting farmland is more likely
and, consequently, the share of own land decremisesigh growth in milk production and
increasing farm size. The results further show that share of grass land has a negative
impact on growth in the sense that a higher shiageass land reduces the probability to leave
the NGE and to carry out a big growing step. Cousatly, hypothesis 5 is supported. There
it was supposed that the specific characteristiceims of forage quality of dairy farms in
grassland regions decrease the probability to entgrowing episode. Moreover, the infra-
structure for grazing might become a limiting facfor high growth as bigger cow herds
would demand for larger grazing areas near bydha.fA big growth step could then require
a system change from a seasonal grazing to ke#pengpws the whole year in the barn.

With regard to the covariatedwverage milk yield increasand ‘Average herd growththe
results show that the hypothesis “higher increaseverage milk yield per cow and/or
number of cows per farm induces growth in termsdk quota” is supported by the results.
In view of the covariateShare of subsidies on retuifnge examine the hypothesis if “a high
share of subsidies on total returns deceleratestijfo The results support this hypothesis,
too. Hence, the assumption that a higher direanre support reduces incentives to improve
competiveness via cost decreasing by exploitatiG@ctonomies of scale is confirmed.

The estimated coefficients for the variabdgé of the farmershow that the stated hypothesis
“younger farmers have a higher incentive to grow”confirmed. However, thdevel of
farmer’s agricultural educationdoes not appear to have a significant influencegmwth of

a farm’s milk production.
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An ‘increase of the milk pricevithin the last year of a stagnation episode la@sassumed in
H10 in section 3, a measurable impact on high mategrowth. Thus, the estimates suggest
that an increased liquidity as a result of highélk mevenue has a significant impact on a
farm’s ability to grow. Meanwhile the impact of fitability in milk production, measured by
the variable farm income per kg milk does not appear to influence the growth fate.
Consequently, the related hypothesis “farms witiigher income per kg milk are more likely
to grow” cannot be supported by the estimates. Tasult is hardly traceable from an
economic point of view as we must conclude thamfaiseem to decide to grow without
optimizing the management and consequently thetabafty beforehand.

The coefficient of the covariatéee for over quota milk productibis positive in sign and
significant. Hence, as stated in H11, in ordervoic or reduce the risk of paying a fee for
over quota production farmers have an increasiogntive to expand their milk quota.

It was hypothesized in section 3 that the implerigm of the quota auctiohin Germany in
the year 2000 had a positive impact on growth. H@meonly the coefficient of the
corresponding covariate in the Exponential modesignificant positive and, thus, would
support this hypothesis. The respective coeffisiaritall other applied models are insignifi-
cant. We therefore assume that the implementatiagheomilk quota auction rather supports
low internal growth than bigger growing steps. Tté be explained by the fact that quota
prices revealed a high variation from one tradimgne to the next and a decreasing trend over
the observed time period. Hence splitting high dlointo smaller steps could be a strategy of
farmers to reduce quota-price risk. Another argunfi@nsmaller growing steps are follow-up
costs of growth which are easier to defray in alsgrawth-step strategy.

7. Conclusion

In this empirical study event history analysis @ the first time applied to investigate
determinants of internal growth of German dairynfar Using this dynamic econometric
framework enables us to consider explanatory vhasathat change over time such as milk
price or age of the farmer. Additionally, parametavent history analysis models allow
considering non-measurable effects on growth ok mpibduction because time serves as a
proxy variable in such models. In this case “arreasing competition-pressure” may be an
explanation for non-measurable effects on integnaivth.

A variety of farm and farmer characteristics, adl we market effects over the study period
from 1995 to 2009 have been considered. In coraygifferent types of (semi-)parametric
models were applied in this study and provided alntbe same estimates of the impact of
covariates on the transition rate. This proves vhlkdity and robustness of the estimated
results with regard to the dependency of the resuitthe model-specific assumptions.

The fact that time in event history analysis serassa proxy variable counting for non-
measurable effects on the event under study ireagth of the applied method compared to
alternative approaches such as Probit, Tobit antkidan models. Although, for example, a
Heckman model enables one to explain why, at acpgat moment in time, some farmers
grow in milk production and others do not, thesedais don’t allow explaining the impact of
time on internal growth.

In general, the impact of covariates on the ‘evemder study, i.e. the effect-direction of
explanatory variables, depends considerably onl¢fieition of the event. Thus in our case, it
is important for further research to investigateethler alternative definitions of growth in a
farm’s agricultural production (the ‘event’) inflnee the estimated impact of explanatory
variables. Consequently, contradictory causal faabo growth could better be analyzed.

& The coefficients of the tested covariate “Farmome” are only significant different form zero aetkevel 0.1
in the Exponential model and the Log-normal modglereas none of the other models attest the signifie of
this variable.
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