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Abstract

Determining the competitive position of dairy farmspends on several technological,
economic and institutional variables. Among thearg remarkable those related to animal
feeding in the current context of high variabiliiy prices. In this context, the aim of our
study is to analyze the effects on milk supply #mel competitiveness of dairy farms with
different models of land intensification, with gteareliance on market purchases or self-
production of livestock feed. Our work is basedameconometric approach to a variable
cost function, in a fixed effects model for unbalad panel data of specialized dairy farms in
Navarre (Spain). From this region, we use 3 gedgcapareas in relation to the availability
of grazing land. It has been tested the absensarmple selection bias and satisfaction of
regularity conditions. The study shows a flexiblgknfiarm supply with respect to the price
of milk and very dependent on the evolution of fpeides. This aspect has been emphasized
by the restructuring of farms, characterized bgrsirsize increases and productivity gains
based on a greater reliance on purchases of afeetl The provision of grazing land has an
important role in determining the average costs famch profitability. In addition, grazing
land use permits greater exploitation of econorafecale present in the dairy sector.

Keywords multiproduct cost function, panel data, milk,raal feed, dairy farms.

1. Introduction

Milk quota phase-out process introduces a big daitgy over the future evolution of
the milk sector in the European Union. Becauséhaf, tthey are a variety of researches that
develop policy simulations in order to predict gector evolution. In this context, the key
point is setting the competitive position of thargdarms, setting the potential supply and
the basic variables that determine production coetgs question is treated by economic
literature in different studies.

The objective of this paper is complementing grsvious literature by paying attention
to the role played by animal feed in the settinghaf potential milk supply. Animal feed is
the main expenditure item in dairy farms, and & hadouble way of provision, by means of
market purchases (outsourcing) or self-productignnteans of using the land resources
(internalization). Current instability of the fodderice evolution remarks the convenience of
this study.

The research shows an econometric approach taticéidn of variable cost of the dairy
farms in order to set the potential supply andkye competitive factors for the dairy sector
in Navarre, a region in the North of Spain. To gmaldifferent systems of animal feed, with
bigger or smaller level of outsourcing, this workea the particular characteristics of this
region. The big geophysics variety of the regios bkearly differenced three production
areas depending on fodder land availability andr theechanization possibilities. This
establishes two areas of traditional productionhwénd using, and a third one of milk
production without land exploitation. In the twasti cases, the basic difference is the plot
size and the possibility for a mechanized managémefand. Although the scope of the
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study is Navarre, it is considered to give infonmatin order to understand the role played
by animal feed in the whole dairy sector.

2. Econometric model

The dairy farming behaviour can be approached bgnw@f a short run multiproduct
cost function, for which specification has been chosen a mutpct symmetric
generalized McFadden cost function (MSGMJhis flexible function characterized by a
rigorous performance of the homogeneity conditionsprices of the cost function inputs,
and its flexible characteristics provide a secordep approximation to the unknown cost
function for any point. Furthermore, given its haasmatrix of second derivates respect to
the input prices, the curvature properties areuatatl in a global way. Additionally, the
variable input demands are represented symmeyrioalithe function, thereby by imposing
the condition of homogeneity to these variable trgices, it is not required a differentiated
treatment. Finally, the MSGM function allows theraduction of null values for input
demands as an added advantage. The algebraic gppre$ the specified functional form
is:
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Where w is a vector of sector prices of the variable ispisubindex, j ). Quasi-fixed
factors are expressed by the vector z of K ordabifslex k,|). Products are expressed by
means the vector y of M order (subindex n). Technical change is represented by the
temporal variablg . Unknown parameters of the function are the vectorand S, and the
matrix A (I*1), F (I*M), C(I*K), E(M*M), B (K*K), G (I*K).

The a priori determination of parameter vecta#{1*l) y ¢ (1*M)® allows the

parsimonious specification of the MSGM functionakr, keeping the consideration of
flexible function (Diewert and Wales, 1987). Demaiuhctions for variable factors are
retrieved from the variable cost function applyBigepard’s lemma:

! This approach needs the implicit existence ofgular technology for the whole sector (Chamber§8)9
which required conditions are imposed or evaluated.

2The symmetric generalized MacFadden cost funci®®N) was proponed by Diewert and Wales (1987) as
an extension of the quadratic functional. It wapaded by Kumbhakar et al. (1989) in order to idelquasi-
fixed factors, and to consider the multiproductibg, Kumbhakar (1994). Combined version can be foiand
Rask (1995) or Peeters and Surry (2000).

*Product?' W can be interpreted as price index of variable isipmeanwhile produc 'y can be considered

an index of amount of productions. Vect@ris made up of parametegr'swhich represent, for each input i, the
percentage of the average cost for the whole sardpietorg is made up of parametafs , and represents the

percentage of the average income for the whole kaaffgach product m.
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Where x is the variable input amount A y F. are, respectively, the ith rows of the matrix

A andF . The MSGM functional form provide a symmetric gystof functions of input
demand, which contains all unknown parameters ef dbst function. This represents a
substantial advantage respect to other flexibletfans in their empiric application by doing
the incorporation of the cost function in its esitran dispensable.

0ol )

3. Data

The empirical analysis uses an unbalanced datd paid&89 dairy farms, covering the
period between years 1994-2005, and providing &&@vations. Farm data set is provided
by Instituto Técnico y de Gestion Ganadero (ITG-&)d its scope is the specialized dairy
farms in Navarre (a region in the north of Spain).

Price data come from Instituto Navarro de Estatfisdind Eurostat. Main complimentary
livestock farm activities are nonexistent or aré oonsidered due to their relatively low
repercussion. This is possible because of costalins carried out by ITG*GMilk farm
activity is represented by considering four vamabiputs, two quasi-fixed factors and two
products of milk activity. Table 1 presents maiatistics and ccomposition of variables is
described in detail below.

The four variable inputs are: external animal féed1), cattle expenses € 2), other
variable expenses € 3), salaries (=4). External animal feed includes input purchases fo
dairy cow feed that have been made out of the faillkn. It represents the main expenses,
which reaches a 47 % on average.

Bovine expenses bring together veterinarian exgenser specific expenses for the
animal handle and the attributed cost to the deany stock. Other variable expenses show
the remainder of general expenses not previoustjuded and the amortization of the
machinery and installations. Finally, wage-earratgpur force used in the milk farm is also
included as variable input. As assumption, prodacdrehaviour is related to the
expectations over market prices and not directlgraurrent prices. Therefore, one period
delayed prices are considered as model variab@asantities are represented by expenses
(constant prices), which are the general expenseted by price index.

The consideration of quasi-fixed production factgrgustified, at the empirical level in
case of land K =1) and family labour K = 2), because they are specific factors with a high
level of rigidity for its allocation possibilitieszamily labour is expressed in annual labour
units assigned to milk production. Land associateféed production and animal handle are
expressed in hectares. Presence of land is negsamtial factor in the milk production, as it

*The sample has been previously selected in ordexdtusively collect farms with a size over a UTAdaa
livestock over 10 cows.
® Laspeyres price index (2005=1), and adjusted &atlerage expenses of the sector for each item.



shown by the fact that a 5% of the sample datahalifor this concept. All null values are
concentrated in the farms located on flat arease &) which is an indicative factor of the
structural disparity among farms from different gesphical areas.

The majority of dairy cow farms in Navarre are spkred in milk production.
Nevertheless, this activity brings together a comehtary meat production, which comes
from the births and the renewal of the old anifmalghole sample correlation coefficient
between both productions is 0,7. Given that milkdoiction is only capable to partially
explain this complimentary production, we includeas independent product in the cost
function. Thereby, the two products consideredhe $tudy are cow’s milkni=1) and
associated products to milk productiom£ 2). Cow’s milk collects amounts assigned to
sales measured in tones. Prigesare specific for the milk farm and show milk saléces
and subsidies directly associated to milk produciworated by the total production are
expressed in euro per tone. Rest of associatedigidhcludes sales of residual products of
milk production, and derivative products from tlenewal of the livestock and calf sales.
Amounts are expressed as expenses at constans,prbereas prices are approached by
means a Laspeyres index from series of sectorgrice

Table 1: Descriptive values of data panel

Variables Average Est. Deviation Minimum Maximun
Cows 61,5 35,8 10,0 220,0
cv 133.529 104.039 8.099 575.626
Wy 0,949 0,065 0,829 1,004
Wy 0,856 0,089 0,707 1,000
W3 0,778 0,160 0,388 1,000
Wy 0,805 0,097 0,674 1,000
Vi 464.,5 324,5 41,7 1.769,0
Vo 12.697 10.939 431 73.085
z 1,53 0,65 0,50 4,00
y2) 23,9 18,0 0,0 100,0
X1 66.181 52.365 2.871 303.951
Xo 36.648 25.028 3.678 139.621
X3 44.450 32.613 4.071 218.821
X4 1.781 5.572 0 46.975
r 13.067 1.558 11.025 16.137
ro 121 14 99 141
P1 297 26 231 370
P2 0,998 0,057 0,894 1,060

® This phenomenon can be included by consideringdyzt added that collects both productions (Pieaad
Rizzi, 2003), as independent product (Cathaghal, 2006; Stefanoet al, 1992) or, in other case, being
removed from the model (Alvarez al, 2006; Colmaret al, 2005).
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4. Estimation

On the basis of an unbalanced panel data, a var@dt function has been specified in
order to explain the behavior of a group a farntge €stimation of the unknown parameters
of the cost function is developed by means a systeaguations of variable input demand
(equation 2). The specification of the symmetriaagalized McFadden function allows
revealing all unknown parameters directly from teystem of equations of input demand.
The outcomes of the Hausman test justify the selectf a model with fixed effects in the
selection to take farm specific effects into acdoun

The strong restructuring process of the milk sector produce the presence of a sample
selection bias for unbalanced panel data. To etalis possibility Wooldridge (1995) and
Verbeek and Nijman (1992, 1996) give two alterratests. Outcomes, in both cases, allow

to reject the existence of this sample selectiamts{respectively,y®(4)=17,7 > 9,5 and
X%(35)=9,5<49,8).

One of the targets of the study is to analyze ttieceof the Navarra geophysics
diversity on the cost structure of the dairy farmdgcounting analyzes and previous
estimations indicate that this regional variablen dae significant. This diversity is
synthesized by considering three different arede#ated by technicians of ITG-G, figure 1.
Zone 1 or mountainous area, which includes popratiof the North Navarra, with high
pluviometry, and difficulties for the productive megement of the pastures due to the small
size and sharp slopes of the fields. Zone 2 or afealleys in the Center and North of
Navarre. In this area, high pluviometry and widdeys provide suitable fields for fodder
production. Finally, production located in the Genéand South part of Navarre, zone 3 or
flat area. Here, there are a low pluviometry arglfl@lds, both unirrigated and irrigated, for
agricultural production.

Figure 1: Farm classification by geographical aneldavarre
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To bring together this variety among zones, thaesysof compensated demands of
inputs is complemented with the introduction of doyn variable depending on the
production area. The dummy variables make inteyastiwith milk production and input
prices. Hence, the zone effect remains associatéletconstant of the marginal cost curve
of milk production, pointing out possible divergescamong the marginal costs of the farms
depending on the zone.

The parameteff demand system expressed in differences respdbe farm average
are estimated by using the procedure SUR for appgr@on related equations of the
statistic software TSP 4.5. These parameters haea balculated by applying the White
method that correct the presence of heterosceigsti€orrected coefficients of
determination are satisfactory. They reach a 96fwefternal feed and cows, a 92% for
general inputs, and a 39% for wage-earning labotgef Estimated parameters present a
high level of significance. P-values of the estieabparameters indicate that an 80% of the
parameters for a level of confidence of 95%.

The specification of the function does not imposg scale economies of scale, pending
the evaluation of the presence of constant scafguuwWald test of combining significance
associated to the hypothesis has a value of 14&jlitaallow to reject the presence of
constant scale outputs. Later on, it will be depebb a further study of the existing scale
economies in the sector. The non combining prodoctiypothesis for the case of the
MSGM functional form presents, as necessary camtiti the rejection of

E..=0,m# nOm rid M. For the current specification, this null hypotkes E, =0, and

it is rejected because the estimated parametegngisantly different of zero for a level of
significance of 1% . This outcome is coherent wiite consideration of milk as main good,
and the rest of products as residual goods intb@uygtive process.

5. Results
We will show now the most relevant results coming af the econometric estimation.

Marginal cost, quota rent and variable average cost

The average value of the marginal costs is 25%0€/he full period. This values stays
on the same level along the sample time. This mafgtosts deflected have not been
influenced by the sector’s strong restructuratimainly on size (from 50 to 77 cows per
premise) within this period. The valid prices péred by the farms show an average value
of 347 €/t. This value remains constant throughpieod used as a sample, except for a 10
% down suffered in the last period. The quota rehich is the difference between the milk
price and the marginal cost, shows an average wl@&€/t through the sample period, This

" Estimated parameters are not presented due tmfapace but they are available upeguest to authors
® This hypothesis is presented by the combiningifsigmce of the matrix of parametels, B y G (Wieck
and Heckelei, 2007)
°® This condition allows rejecting the hypothesis mafn combining production, but it does not mean the
acceptance of the combining production hypothe&tisvart, 2009).
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value follows a declining trend up to the last pdriwhen the average value is 73 €/t. The
Quota Rent value against the obtained price, ooepésige has gone done from 30 to 22%
between the 1st and the last period sampled. Tsdtseshow stable standard deviations
through the different periods, both for the quatatrand the marginal costs. The institutional
rights assignment and quota market transfers daslmotv a convergence process between
farms. The comparison with previous studies isidiff, due to different variables and
periods considered. For similar periods and samplgh comparable cattle size, Cathagne
et al (2006), INRA-Wageningen (2002) y Mosid al. (2005) show marginal costs slightly
higher than ours. Our results are inferior to thols&ined by Migueét al (2003) in Galicia
and Alvarezet al (2006) in Asturias, which are the main milk produregions in Spain.

The variable average costs estimated (Bawhall, 1982) are lower than the marginal
costs and the market prices for all the farms. Tesins, in microeconomic terms, that dairy
farms operate in the growing side of the margir@dtg, having milk quotas above the
minimum of activity.

Results by activity zone and farm size

In order to go deep inside the analysis of the matgosts in the farms, studying their
distribution by geographic area and size is intergsZone 2 (Big Valleys) marginal costs
are 15% lower than in all the others. This zoneatfexplain half of this difference, whilst
the rest is related to the fixed factors (land &andily labour). The average variable costs
also show differences depending on the area. Vatu@sea 2 are 30 % lower than zone 2
(mountain) ‘s and 20% lower than zone 3 (plain).biggest livestock, more than 70 cows,
show a 10% raise in the marginal costs and 10%ctentuquota rent against the others.

On the other hand, the average variable costhiémilk production go down as the size
of the farm increase. The area does not have aadhgn this, despite the fact that the big
size facilities in zone 1 and 3, + 90 cows, incecth® cows per hectare ratio.

Marginal cost elasticity’s

The figure obtained from the elasticity of the maadj costs against the dairy production
increase is a key result. The average estimatetiaty for the last triennium is 0.54, and
keeps positive values for the whole sample. Thiglies that the farms position themselves
in the growing side of the marginal costs curvee €ffect of the farm size over the elasticity
of the marginal costs on short term is notoriouse €stimation results on 0.26 for the small
sizes, 0.47 for the mid sizes and 0.95 for thesiigs. These values represent the restrictive
effects of the fixed factors have over the increaséarm sizes. This result contrast with
other obtained in the in the European Dairy Seckdth the existence of farms with
positions in the negative part of the marginal eastrve (Cathagnet al, 2006, Skolokai,
2007, and Wieck and Heckelei, 2007).

All the input prices have a positive effect oveg tharginal costs, as it has to be with the
behaviour of the normal inputs. The price increagehe external feeding is the most
pressing factor of the marginal costs (0.54). Ta®ult show the importance of the external
feeding in the process of cattle expansion fordidiey farms. The marginal cost elasticity for



the dairies in relation to the fix factors is -0fb® the family work and — 0.12 for the land.
At last, the existence of a technical change ientesi, though it has a weak quantitative
effect®

Input demand Elasticity

The own-price elasticity for the external feeding c¢lose to one (0.945). This
phenomenon happens with independence of the lashdhdicates that the dairy production
increase is associated with the increase of thehase of external feeding. This dependency
accentuates the importance of the external feepliitg evolution in order to determine the
profitability for the potential increases of Dajpyoduction in the farms. In reference to the
dedicated land to the animal feeding, the estimaddkticity show complementary
relationships with the external labour and the galneosts, including the depreciation of the
farm machinery. This indicates the combined usddanal, capital and external labour in the
farm management of the land. Besides, the land sl@oveplacement relationship over the
usage of the external feeding (0.176).

In order to evaluate the replacement relationskapsngst factors, this study has
calculated the Morishima’s elasticity version ubgdPeter and Surry (1993). The elasticity’s
indicate a production replacement relationship betw the external feeding and the
expenses in milk cows, with high values independemn the variable considered price
(0.769 and 0.600). This implies that, for a dairgduction level, the companies adapt the
relationship between the number of cows and thereat feeding supplied, base on the input
price evolution. In certain way, the cows’ produitii is conditioned to the price of the feed,
intensifying (reducing) the productive pressurehaf cows in front of reductions (increases)
of the feed price. This variable relationship supploe specification proposed in the study
and means an improvement against the previousrssatties

Correlation between marginal cost and average cost

It is interesting to analyze their relationshipwdertain structural variables, which are
not directly considered within the model. The réesof this analysis show a weak but direct
correlation between marginal cost and livestocle ¢z11). On the other hand, the results
demonstrate a heavier impact with in the zonesd. J&it0.29 in both cases), whilst it is
neglectable in zone 2 (0.06). This divergence shibmgressure produced by marginal cost
over the expansion of the dairy production, maiflgsed in bigger variable input
consumption. The correlation between the margiast and dairy productivity is 0.27. It is a
direct weak relationship, with neglectable diffezes in between zones. This result rejects
the hypothesis that takes the dairy productivityagszroxy variable of the technical change
and they seem to indicate that their value it isenelated with the company’s productive
decision even with an increase of the Marginal ogtt last, this contrast with the

9 Dairy Industry studies show mixed results aboatgghesence of technical change. For example, Kuharak
and Heshmati (1995) found negative technical changg&weden, Brummer et al. (2002) negative in Hualla
and positive in Germany, and Alvarez et al. (2Q0&itive for the case of Asturias (Spain).

! Similarly, Colman et al. (2004) appreciate a sititgdn of concentrate feed for a bigger use oftp@sas a
result of the low profitability of farming in theKJ



hypothesis stating that the farms getting a higivere for the milk have a lower incentive
for the cost reduction. Wieck y Heckelei (2007)fras this last hypothesis in their study of
8 European Regions. Estimation results indicaté th@& price against marginal cost and
average cost is negative (-0.20 & - 0.23). Theselte imply a rejection of the hypothesis
presented for Navarre’s case. An alternative hygmthwould be that a higher milk price is
related with quality bonuses, and indirectly raflateith feeding, handling conditions and
management aspects.

Economies of Scale

The plant capacity used, corrected for the non-libetic technology caseCPU°,
shows values close to 1 for the farm average, avitkrtain presence of over — usage. And a
slight decrease as the time passes by — 1.04 iirsheeriod to 1.01 in the last period - .

We have developed the expression presented by $dari(1985) for this calculation.
The CPU° is the one between parenthesis:

. OCT® d
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On the short term, the cost sensibility to the aggted production increases show values
lower than 1, but increasing ones as the time pgs&iven that the usage of plant capacity
value in close to 1, the cost elasticity on the teiun is comparable to the one shown in the
long term estimation.

In term of performance to gradEE", it means the existence of growing economies alesc
on average for the whole of the sample, but one#esing weight through the studied time
frame, moving from 1.43 in the first triennium tdl& in the last one. The empiric evidence
of economies of scale due to size in the Navamlaisy sector, for + 100 cows, is in line
with the result of recent studies on average cotte European Union area Europea (Smyth
et al, 2008, Colman y Zhuang, 2005). In Spain, AlvayeZorral (2008) estimates the
elasticity’s in the economies of scales over thadpction function with values between 0.94
and 1.17.

6. Final comments

The dairy sector faces the uncertainty created loyoérthe quotas. This, together with
instability of milk and animal feeding prices, endar the farms profitability. This study
mainly focuses in the farm structure related tohigher or lower degree of external animal
feeding. The geophysical variability of Navarrepal$ us to approach this animal feeding in
three different zones. Amongst the all the inpwsd part of the variable costs, we have
made a difference between the cattle and the psecbé food, in order to evaluate the
flexible relationship over the dairy productivitpéup to what level of feed price increase
the sector can assume.



The average marginal costs are 255 €/t which me&®@aquota rent in reference to the
Milk price on the last sample triennium (2003/2Q0B)e average variable costs estimated
are 204 €/t with a curve elasticity in the margiocakts of 0.54. The marginal costs are
higher than the Average costs in all cases, andjtimta rent is positive for most of the
simple cases. But, the dispersion of the of thaayuent estimated holds on the level through
the whole sample period, even after suffering theng re - organisation in the sector. The
institutional lack of flexibility in the transferf@uota might be a direct cause of this result.

The results indicate that the expansion of milkdpiction is based over equivalent
increases of external feeding, with no relationhwiirm’s grazing land. That's why; the
production evolution in the sector is especiallyssgéve to the price evolution of the external
feeding. And, the external feeding prices impactlarelation between cattle and external
feeding, justifying the treatment given to the sspficosts function. But the zone with better
quality of grazing land shows marginal costs betw¥&2%-20% lower than others.

Referring to the plant capacity used, the compah#és values close to the optimum
employment. This term is misleading, since conjegd contradictory effects, the under —
utilisation in terms of family employment and theeoc-utilisation in terms of land. We
provide the measurement for the non—-homothetic ipratuct farms, which corrects
deviations of the previous measurements to the rontksation of the plant capacity, in
order to support these results. The study showgitkeence of growing economies in the
sector. They trend to get exhausted as the si#fgedfarms grows. This trend is accentuated
for the farms with a higher percentage of animabffpurchased out of the farm.

Summing up, the study of the farms in Navarra iagis that, their profitability is
defined at short term by the milk price, the inpuce and the management of the Quota
rights. On the long term, the key factor in thetsedevelopment are the milk price, the
price of the food for the cattle and the capaatydrofiting the economies of scale inside the
sector and depending on the production level aadathd.
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