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Abstract

Pig farming is one of the strongest polluters otawaesources due to its intensive
production techniques and slurry rejection. SevEralopean countries have already
introduced environmental regulations aiming at o@uly the pollution caused by

nitrates from agricultural sources, but not yet gany.

This paper investigates how Hungarian pig farms ldiobe affected if such

regulations are to be enforced.

We calculate farm technical efficiency separataly fwo types of pig production
systems — namely farrowing only and farrow-to-fimigarms (FAFI farms) and
finishing only farms (FI farms) — using 2001 data pig activity and Data
Envelopment Analysis (DEA). We then investigate thiee environmental
regulations would affect the farms’ technical a#ficcy, with the help of a second-

stage regression and various environmental pre psaxees.

Results indicate that the pollution could be redueeth no impact on the output
level, and that Hungarian pig farmers have incestito reduce nitrogen pollution in

order to increase their efficiency even in the abseof regulation.

Keywords: technical efficiency, DEA, pig farms, nitrate pdlbn, Hungary

1. Introduction

Pig farming is one of the strongest polluter ofevaksources in developed countries,
due to its intensive production techniques andrgligjection. Several countries have
already introduced environmental regulations aimiag reducing nitrate and
phosphorus waste from pig farming. For example, Teawan the government
introduced in 1987 a law aiming at limiting the ééwf waste from pig farms (Yarey

al., 2009). In the European Union (EU) since 1991Gbancil Directive 91/676/EEC
(referred hereafter to as the EU Nitrate Direqtiaens at promoting the protection of
waters against pollution caused by nitrates fromcafjural sources. Besides other
prescriptions, this EU regulation requires that,dach farm, the amount of nitrogen
(N) produced by livestock and spread on agricultiarad each year shall not exceed a

specified amount per hectare (i.e. 170 kg N). lanEe livestock farms can spread



manure either on their own land or on land of ofaems (Piot-Lepetit and Le Moing,
2007; Larue and Latruffe, 2009). In the Netherlafadms are required to reduce their
pollution caused by nitrates from agricultural sm# since 1998 and can adopt the
Green Label systems, which are certified less géno polluting pig production
systems (Oude Lansink and Reinhard, 2004).

Whether such regulations modify pig producers’ siecis regarding their
localisation, production scale and input use hasnbeecently investigated in the
literature. For example, Larwet al (2008) show that the EU regulation regarding the
threshold for the nitrogen spread on agricultusaldl had a negative impact on pig
farms’ concentration in Denmark, and that the disipa effect is more pronounced in
2004 than in 1999. Piot-Lepetit and Le Moing (20p7vide evidence of a positive
relationship between farms’ technical efficiencyd anvironmental regulation in the
French pig sector during 1996-2001, suggestinggigaproducers introduced changes
in their production process. Larue and Latruffe0@0confirm this finding with data
from 2004, but suggest in addition that the revefsect may arise (i.e. a decrease in
technical efficiency) if the environmental regutetiis too stringent in the way that it
forces pig producers to spread their manure on thatis far from their farm. By
contrast, in Taiwan Yangt al (2008) do not find a clear-cut effect of the 1987

environmental law on pig farms’ technical efficignno 2003-2004.

This paper investigates how environmental pressfioessing on nitrate production,
may affect the efficiency of pig farms in Hungaddfter the accession, Hungary
adopted the EU environmental directives, but theyimplemented only gradually,
within several years. This paper therefore aimshadding light on how Hungarian
pig farms would be affected once the EU NitrateeBiive is fully implemented and

applied.

In accordance with the EU Nitrate Directive the WaDuality Supervision Network
has been established in Hungary. Within this frainkeas been assessed that 48% of
country’s surface may be considered nitrate seresdirea. In 1998 the total slurry
output of Hungarian animal breeding plants amounted 11 million tons.
Approximately 30% of it (3.4 million tons) were ghaced by farms located in nitrate
sensitive areas. For farms located in these asesingle action programme (instead of
regional specific programmes) considering manurstgvananagement was adopted.



Figure 1 presents Hungarian nitrate sensitive araad surface waters’ pollution

levels.
- insert Figure 1 here -

The regulation and standards of manure storagedibgd under the EU Nitrate
Directive are introduced gradually in Hungary. lartivestock farms (i.e. above
40,000 heads in case of poultry farming, and 20/0€éds of pigs or 750 heads of
sows in case of pig farming) have already been atjpgy their manure storage
capacities according to the EU Nitrate Directivecsi 31 October 2007 (amounting to
9% of pig farms and 0,2% of sow breeding farms 005). The deadline for farms
situated in drinking-water drainage areas was 3lolégr 2009. For other farms
situated in nitrate sensitive areas, the expeagiementation has to happen by 2013.
Due to the structural changes within the agricaltwector, pig farming in Hungary
has been declining since the beginning of the iiansperiod: the livestock has
decreased from 8.45 million pigs in 1990 to 3.38iam pigs in 2008. Accordingly,
the environmental pollution of pig farms decreaasdvell, as the breeding intensity
fell from 132 pigs per 100 hectares (ha) of utdisgyricultural area (UAA) in 1990 to
58 pigs per 100 ha UAA in 2008.

The paper is structured as follows. The secondaseattroduces the methodology

and data. The third section describes the resauitsthe last section concludes.

2. Methodology and data

Nitrates are an undesirable output of pig activityat is to say an output that is
socially undesirable due to its negative exterigglitin particular air and water
pollution (Oude Lansink and Reinhard, 2004). Inicefhcy analysis, undesirable
outputs may be modelled as ‘bad’ outputs that iss&ay as inputs, under the
assumption of either strong, respectively wealpabability (i.e. assuming either that
it is not costly, respectively costly, to reducertf); or they can be included as ‘good’
outputs by using in a first stage a transformafiorction (Yanget al, 2008). In this

paper, we consider nitrogen from pig activity s@sras a strongly disposable input.

We use farm-level data extracted from a specifivespiof pig producers in Hungary
in 2001. The total sample includes 192 farms. Famnesseparated into two groups
based on their specialisation: farrowing only aadtdw-to-finish farms (FAFI farms,



140 farms), and finishing only farms (FI farms, 5&ms). Considering that
technologies differ between these two specialisatioan efficient frontier is
constructed for each group separately. Frontiees @nstructed with the non-
parametric method Data Envelopment Analysis (DEBattis based on linear
programming for enveloping all observations in saenple (see Charnes al, 1978,
and Coelliet al, 2005). The best farms create the frontier, ared assigned an
efficiency score of 1, while the less efficient fex are within the frontier. The
distance to the frontier represents the efficielesyel, with the furthest the farm, the
lowest its efficiency level and the lowest its eiffincy score (between 0 and 1). Inputs
and outputs used in the DEA model do not relatehto whole farm production

system, but only to the pig activity on the farm.

Firstly, technical efficiency is calculated withcatcounting for waste emissions. For
FAFI farms, the two outputs used are the numbepigiets sold and the number of
pigs fattened on farm, while the five inputs in@utthe number of piglets and pigs
purchased, the number of sows, the number of labours spent on the porcine
activity, the values of feed, and other costs. Fbfarms, the single output is the
number of pigs fattened on farms, while the foyuits are similar to the inputs for
FAFI farms except that the number of sows is noluided. Next, technical efficiency
is calculated again for both types of farms stding separate frontiers, with the
inclusion of an additional input, namely the qugnaf nitrogen produced. Nitrogen
production from pig activity is quantified here Wwithe method of measurement
applied by French Authorities to enforce the EUr&t@ Directive; each pig head is
assigned a nitrate-equivalent production coefficidepending on its type (sow,
swine, piglets etc), representing the nitrogen titaproduced per year (CORPEN,
2003). Table 1 provides descriptive statisticshef data used in the DEA models. The
quantity of nitrogen emitted by FAFI farms is muaigher on average than the one

emitted by FI farms: 3,515 against 283 kg N.
- insert Table 1 here -

Secondly, we investigate the role of several factor the technical efficiency of both
types of pig farms using a second-stage regressitn ordinary least squares. A
single equation is estimated, that is to say batmpdes (FAFI and FI farms) are
merged together. The explanatory variables areactexristics of the farms in the

merged sample from the specific farm survey, amgoral characteristics extracted



from various sources. The level of the regions wared is the NUTS2 level from the
European classification of Nomenclature of UnitsTerritorial Statistics (NUTS). In
Hungary there are seven NUTS2 regions. Severahhlas were tested in the model.
The variables retained for the final specificatiorclude the following farms’
characteristics.

- Their total UAA in ha and their total number ofdstock units, both proxying the
farm size. No expectation is made on the sign efithpact, as existing literature on
the relationship between farm efficiency and farme sprovides contradictory
evidence.

- The share of the farms’ revenue stemming from gl activity to proxy farm
specialisatiorvs diversification. No expectation is made on tlgnsof the impact, as
both effects may arise: on the one hand, divedsifii@ms may be less efficient than
specialised farms due to possible conflicts in thmuse; on the other hand,
diversification may increase efficient by decregganoduction risk.

- The share of the farm’s revenue stemming fronsisliks to proxy the role of public
support. A negative impact is expected, as it isegaly found in the empirical
literature that public support decreases farm teahrefficiency due to farmers’
reduced effort and motivation.

- The farm UAA divided by the quantity of nitrogproduced on the farm. The idea is
to use a variable that captures the pressure fagethe farms in terms of land
availability to spread their own manure. The qusndf nitrogen produced per ha of
UAA was an obvious choice, however, as some farmge mo UAA at all, such
variable was reducing the number of observatioesl us the econometric regression.
Therefore, the inverse, namely the number of hallabla per kg of nitrogen
produced, is used instead, the variable takingvétiee O for farms with no UAA. In
France, due to the limit on manure spreading pethigaexpectation would be that the
more land available (i.e. the larger the variabded), the more efficient the farm;
indeed, less land available would imply to spreashane on other farms and thus may
result in conflict in labour time or machinery usetween production and manure
spreading. However, in Hungary, as no regulatianbieen introduced yet, @opriori

expectation can be made on the impact of this blria

Regarding regional data, the variables used iritia¢ model are as follows.



- The number of feed factories per pig farm proxiesavailability of pig feed and the
development of the upstream market, and thus diy®siffect is expected.

- The population is introduced as proxy for envirmmtal pressures, as inhabitants are
disturbed by emissions and may press local govemtsnéor regulation; thus a
positive sign is expected.

- Finally, the role of environmental pressure onmsl technical efficiency is also
analysed with the introduction of the total levéindgrogen produced by livestock in
the region (calculated from CORPEN, 2003), as ia mdr ha of regional UAA in the
region where the farm is located. Again, no exgemtacan be made on the sign of

the impact for this variable.

Other regional variables were tested in the mosieth as the regional income per
capita as an additional environmental pressureabkaj and the regional number or
capacity of slaughterhouses per pig farm in théoregs a proxy for the development
of the downstream market. However, the variablesewsllinear with the other

variables and were thus not included in the fipec#fication. Table 2 provides some

descriptive statistics of the variables used.
- insert Table 2 here -

The regional average quantity of nitrogen per h&JAA is only 19.4 kg, which is
still very far from a possible pollution limit thabuld be introduced in Hungary (for
example the limit in France is 170 kg per ha).

Most studies use Ordinary Least Squares (OLS) ndsthior the second-stage
regression. Quantile regression (originally devetbpy Koenker and Bassett, 1978)
technigues possess however some favourable chastactewhen compared to OLS.
First, it does not require specific distributiorssumptions (e.g. normality) for the
dependent variable. Second, if it is expected twaariates have different effects
across alternative points of the conditional disttion of the dependent variable,
quantile regression can follow the changes andfgignce of the estimates. Finally,
guantile regression is very robust compared to GNfen the possible effect of
outliers upon the conditional mean is consideredlofing Lotti et al (2003), they™

sample quantile, where ® <1, can be defined as:

min| > &y -bH+ > @-6)y-H (1)

POR | iy =b) ic{iy; <b}



For a linear modely = 8'x +&, the 0™ regression quantile is the solution of the

following minimization problem, similar to equatih):

minl > Oy -xh+ > (@-6)y-xh @)

SR iy, >xb} i{icy; <x b}
Solving (2) forb provides a robust estimate of the parameter, lamnsl by changing
from O to 1 any quantile of the conditional distiiilon may be considered. Moreover,

the constant change @frelaxes the IID assumption of the error terms.

Finally, the Bierens and Ginther’s (2001) Integda@onditional Moment (ICM) test
is used to test the appropriateness of the quaetiieession models’ functional form.

3. Results

Table 3 shows the averages of efficiency scoresrmutavith the DEA models, and
Figure 2 their probability distribution.

- insert Table 3 here —
- insert Figure 2 here -

Results indicate that the technical efficiency (as®g constant returns to scale) is
higher on average for FAFI farms than for FI farn@s553 against 0.423, the
difference being tested significantly differentrfrezero at one percent. This suggests
that the farrowing activity alone or combined witle finishing activity is more
technically efficient than the finishing activityome. However, this conclusion holds
when pollution from the pig activity is not considd. Indeed, FAFI farms may be
more efficient, but, on the other hand, they havegher number of pig heads, and
produce more waste as shown by Table 1. Indeedn vilaehnical efficiency is
calculated again for each type of farms with thelusion of an additional input,
namely the quantity of nitrogen produced, resulteedfrom the efficiency results
obtained when not accounting from nitrate pollutiowWhen nitrate waste is
considered, the mean technical efficiency of FA&thfs is only slightly higher than
that of FI farms, 0.568 against 0.546, the diffeeenot being significantly different
from zero. These figures suggest that both typesrofis could reduce their nitrate
pollution by more than 40 percent and still prodtite same output level. Thus, if



environmental regulations are introduced in Hungtrgy may not affect the level of
pig production in the country, as there is a sufigthroom for pollution reduction

keeping the pig output constant.

However, environmental regulations may affect Huiaga pig farms’ technical

efficiency. This issue is investigated with the helpthe second-stage regression,
whose results are provided in Table 4. Explanatorialsles were scaled, in order to
facilitate the interpretation of results. First veport coefficient estimates obtained by
OLS, followed by quantile regression estimates dGdr0, 0.25, 0.50, 0.75 and 0.90
quantiles (pictured on Figure 3). The last colummable 4 reports the results of a

Wald test for equality of estimated coefficientscss quantiles.
- insert Table 4 here -
- insert Figure 3 here -

Normality tests (skewness/kurtosis and Shapiro-Widsts) reject the normal
distribution hypothesis of the DEA scores at thel&%&! of significance, emphasising
the appropriateness of quantile regression metkosLiSOLS. When using OLS, it is
firstly worth noting that none of the farms’ spéci€haracteristics have a significant
effect on their technical efficiency, by contragtregional variables. Differences in
significance can be observed between quantilesehemsignificant variables have
the same sign with OLS estimates and across gean8ize in terms of UAA has no
significant effect in OLS, but has a significanplgsitive effect in upper quantiles. The
null hypothesis of coefficient equality is not meed, implying that UAA has the
same effect upon farms’ technical efficiency, refgss whether they are less or more
efficient. The number of livestock units on the faisna significant variable with a
rather low negative impact for the 0.25-0.90 quastithe null of coefficient equality
not being rejected by the Wald test. Interestinghe share of revenue from pig
activity on farms, a proxy for specialisation, istrsignificant in OLS and in any
quantiles. Based on previous literature (e.g. Balaial, 2010), a negative sign is
expected for the government subsidies variablearge negative impact is however
only found for the 0.5 quantile, the impact beingnssignificant for the other
quantiles. Regarding farms’ UAA per nitrogen qungiroduced, it is not surprising
that it does not significantly influence farms tedal efficiency: emission control
regulation is only partly applied in Hungary ane thitrogen output of Hungarian pig



farms is still lower than those experienced in EUeb&intries (see previous section).
Regional variables are significant in OLS and fibigaantiles, except the lowest one.
The number of feed factories per pig farm in theiaeg presents a positive and
significant coefficient conform to the expectationdicating that the closeness and
development of the upstream market is importanpigmproducers’ performance. The
coefficient’s size however significantly varies @ss quantiles, from 40.63 in the 0.25
quantile to 89.70 in the 0.75 quantile. Regardihg environmental proxies, the
population has the expected positive significargfitcient, suggesting that highly
populated areas put pressures on the producersed¢om® more efficient. The
magnitude of estimated coefficients across quantie similar (and quite low), but
the Wald test rejects the equality of coefficier@sch neighbourhood effect has also
been given evidence in France by Larue and Latr(#@9). Finally, the regional
quantity of nitrogen produced per ha has a negaigaificant impact on farms’
technical efficiency for both OLS and quantile esties, while the inverse ratio
calculated for the sample’s farms had no significaftuence on efficiency. Quantile
coefficient estimates are significantly differeaind the magnitude increases from
lower quantiles towards higher ones. This findinggasts that what matters is not
land availability within the farm, but land availlty within the region, and that there
may be some congestion effects or some compefitiofand. ICM tests in Table 5
confirm the appropriateness of quantile regressiethods.

- insert Table 5 here -

4. Conclusion

This paper has analysed the relationship betweenettieical efficiency of farms
specialised in pig production and the environmeptaksures they are facing or may
face in the future in Hungary. Pig farms’ technie#flciency was calculated with pig
activity data, including the quantity of nitrogemoguced by livestock as a strongly
disposable undesirable output. It was then regdesseseveral farms’ characteristics
and on variables specific to the region where dach is located. Both standard OLS
and quantile regression estimations were applieé. DEA scores’ normality tests,
the quantile regression appropriateness ICM testd, the significance of variables
through various quantiles, support the use of digantgression. Results indicated

-10 -



that neighbourhood pressures regarding environrhgrutéution increased farms’
technical efficiency, while congestion problems doea large regional nitrogen

production reduced the efficiency.

If the EU regulation governing livestock activitiegre to be fully applied in Hungary
and the total quantity of nitrogen produced bydieek had to be less than a specific
threshold per ha, our findings suggest that Huagapig farmers’ technical efficiency
would not decrease. Firstly, the level of nitrogem ha (namely 19.4 kg on average)
is still very low (much lower than the authorisewhit in France for example), and
therefore there would still be room for manoeuvB8econdly, the econometric
regression revealed a negative effect of the regioitrogen quantity per ha on the
farms’ technical efficiency, indicating that farrsecurrently have no benefit in
increasing the pollution in their region.

This analysis is the first one shedding light on timk between environmental

pressures and farm technical efficiency in Hunggoture research may consider the
possibilities by farms to reduce their manure l@ating it instead of spreading it on
land. The impact of a potential regulation on padatlimits may be assessed in

conjunction with the influence of a potential gawaent support in treatment plants.

-11 -
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Table 1: Descriptive statistics of the farm-level dta used in the DEA models

(averages)
Farrow-to-finish Finishing only
(FAFI) farms (FI) farms
(140 farms) (52 farms)
Desirable outputs
Number of piglets sold 3,052
Number of pigs fattened on farm 99 485
Undesirable output
Quantity of nitrogen produced (kg N) 3,515 283
Inputs
Number of sows 98
Number of piglets and pigs purchased 1,759 79
Labour spent on pig activity (hours) 4,445 2,030
Pig feed (euros) 22,039,746 3,965,781
Other costs for pig activity (euros) 35,492,699 39,934

-14 -



Table 2: Descriptive statistics of the data used ithe second-stage regression

(sample’s averages)

Farrow-to-finish (FAFI) and
finishing only (FI) farms
together
(192 farms)
Sample’s characteristics
Sample’s farms’ UAA (ha) 190.9
Sample’s farms’ total number of livestock units 6
Sample’s farms’ share of revenue from pig actiuity 417
farm revenue (%) '
Sample’s farms’ share of subsidies in farm revenue 29
(%) '
UAA per nitrogen quantity produced (ha/kg) 0.311
Regional characteristics
Regional population (inhabitant’) 1,235,725
Number of feed factories per pig farm in the redion 0.012
Nitrogen quantity per ha of UAA in the region (Kg) 194

Sources of the regional characteristics:

#Hungarian Statistical Office (2006)

® Holl6-Szab6 and Kertai (2008)

¢ Calculated from the 2000 Hungarian Agricultural €es and the French coefficients of
CORPEN (2003)

-15 -



Table 3: Descriptive statistics of the efficiencycores (averages)

Farrow-to-finish (FAFI) Finishing only (FI)

farms farms
(140 farms) (52 farms)
Without the undesirable output 0.553 0.423
With the undesirable output 0.568 0.546

-16 -




Table 4: Results of the second-stage regression

guantile regressions

OLS 0.10 0.25 0.50 0.75 0.90 Wald test
Intercept -0.391**  -0.126 -0.201 -0.642** -0.747** -0.867* 0.0465
Sample’s farms’ UAA 0.026 -0.018 0.062***  0.064 o8¥* 0.054** 0.6403
Sample’s farms’ total number of livestock units oL 0.001 -0.001**  -0.002**  -0.003*** -0.004*** 0.846
Sample’s farms’ share of revenue from pig actiuityjarm 0.009 0.047 0.052 0.033 -0.008 -0.008 0.3533
revenue
Sample’s farms’ share of subsidies in farm revenue -0.149 0.103 -0.106 -0.490**  -0.078 -0.013 0.8707
Sample’s UAA per nitrogen quantity produced -0.015 -0.004 -0.007 -0.001 -0.000 -0.019 0.9922
Regional population 0.001**  0.000* 0.001*** 0.001** 0.002*** 0.001**  0.0037
Number of feed factories per pig farm in the region 51.957*** 16.468 40.638*** 72.205*** 89.703*** 71.549*** (0.0541
Nitrogen quantity per ha of UAA in the region -009% -0.019 -0.050*** -0.070*** -0.084*** -0.042*** 0.0275
Number of observations 192
R-squared 0.258
Pseudo R-squared 0.1070 0.1545 0.2157 0.2161 0.1407

Dependent variable: efficiency score calculatethibluding the undesirable output.
Sample: merged samples of FAFI and FI farms.

** **x: significance at 5-percent, 1-percent level

-17 -



Table 5: Integrated Conditional Moment (ICM) tests

guantiles c=1 c=5 c=10
0.10 0.176 0.268 0.173
0.25 0.311 1.166 0.597
0.50 0.776 1.614 1.545
0.75 0.594 1.026 1.080
0.90 0.780 1.076 1.083

Critical values: 10%: 3.23; 5%: 4.26

-18 -



Figure 1. Nitrate sensitive areas and surface watet NH3 concentration in

Hungary
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Figure 2: Distribution of DEA scores
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Figure 3. Quantile regression estimates for each phanatory variables
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