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Abstract

This research analyses the impacts of a sciergificance that improves animal
welfare, upon the environment and trade in Scotlasidg partial equilibrium (PE) modelling.
The science improves pig neonatal survival througproved (high fibre) sow diets used
before mating. Our model simulates the effects wimal welfare changes on the pig
production systems (pig meat) and further on tfames (trade in pig meat) and environment
(water and air pollution). We consider two animadlfare simulation scenarios, namely the
status quo — no animal welfare change as regaglagonatal mortality (baseline scenario)
and the case of improving pig neonatal survivate(ahtive scenario) and compare the
impacts on trade and environment between the twoas®s during the simulation horizon
2008-2015. The results show that the increase imarwelfare has a lower impact on the
environment in the alternative scenario comparettiédbaseline scenario (by about 6% at the
end of the simulation horizon) and a positive imtpac net trade in the alternative scenario
compared to the baseline scenario (by about 13%eatnd of the simulation horizon).

Keywords. Pig Welfare, Trade, Environment, Scotland, PaElilibrium Model.
JEL Code: Q18, Q50



I ntroduction

The CAP reform has consistently strengthened the @b environment and animal
welfare issues in the European Union, however thegestill concerns about their impact on
trade under the WTO rules. Any approach to assesrah welfare and the creation of
strategies, policies and standards must involveultidisciplinary approach dealing with
aspects of production, livestock sciences, legsfatrade and environment. While there has
been work done on modelling linkages between anwdilare and trade or between animal
welfare and the environment, there has been notthomg yet to simultaneously model all
three despite the increasing need to harmonise@mental and animal welfare standards
for imports with those faced by domestic produdersvays compatible with WTO rules.
Simulations using trade models would make it pdssido assess the impact of both
environmental and animal welfare regulations omldrand international competitiveness.
They would also offer a means to address the eafiees of animal welfare, that is, its
impacts beyond the farm gate on trade and the @mwient.

An extensive literature exists on the use of situtamodels to estimate the effects of
trade on the environment and several authors (Ef\889; Van Beers and van den Bergh,
1996) analyse the different methodologies usedstomate the environmental effects of
agricultural trade liberalisation. The most comnyamsed methods are the partial and general
equilibrium models. Partial equilibrium (PE) model® designed to analyse the impacts of
the changes in a single sector of the economyharnd been used, for example, to study the
effects of environmental policy on specific comni@di in the agricultural sector, assuming
no changes in the remaining sectors of the ecorseg/Meilke et al., 1996 and Jayadevappa
and Chhatre, 2000 for reviews on the use of PE tadde analysing trade and environment
linkages). General equilibrium models examine tb@enemy as a whole, taking into account
the interlinkages between different sectors anddis&ibutive impacts of agricultural and
environmental policy changes (see Bandara and GalxH®99; Lopez, 2000).

Simulations using trade models make it possibleagsess the impact of a given
regulation that hinders the competitiveness of plagticular country that implements it
(Beghin and Bureau, 2001). This approach has bsed 1o assess the effects of sanitary and
phytosanitary related standards, but it could aseess more recent technical standards
related to animal welfare and environmental manag¢remerging in the European Union,
the United States, Australia, and elsewhere (Begimnd Metcalfe 2000; Mitchell 2001).
Beghin and Bureau (2001) note that an interestasge study would be the combination of
animal welfare and environmental constraints ineat@ such as pig meat. Several EU
members and the United States compete for pig exqadrt markets, for example, in Asia.
The accumulation of new standards or, as is the oa®ur paper, reduction in production
costs may affect their competitiveness in thesekatarby raising or decreasing their cost of
production. Sectoral trade models (e.g. applied rRédels) are useful instruments for



estimating the effects of new animal welfare retiots or animal welfare related changes in
the production process.

This research analyses the impacts of a sciersificance that improves animal
welfare, upon the environment and trade in Scotlasidg partial equilibrium (PE) modelling.
The science improves pig neonatal survival througproved (high fibre) sow diets used
before mating. The PE approach models a basel@easo (equilibrium between demand
and supply for pig meat), adds shocks (the chamgaimal welfare) and sees how the system
responds (shifts in prices, quantities, trade andirenment). PE models are useful for
understanding a particular response to changinigypstenarios and can capture the impacts
of small changes that do not (seriously) affectascother than agriculture. The paper is
organised as following: section 2 presents therdtaal model, section 3 briefly describes
the animal welfare scientific experiment and liskee sources for the economic and
environmental data; section 4 illustrates the satoh scenarios; section 5 discusses the
results and section 6 presents some conclusions.

Theor etical model

Our model simulates the effects of animal welfabanges on the pig production
systems (pig meat) and further on trade flows @nadpig meat) and environment (water and
air pollution). The model has three modules, 'potidn and trade’, 'environment' and 'animal
welfare'. As regards the 'production and tradet parthe model, we employ a similar
approach to other commodity trade partial equilibrimodels used for policy evaluation and
adapted for the specific case of a pig farm (FAPRImodel, see Barrett and Fabiosa, 1998;
for a comprehensive review of this type of modade #1cCalla and Revoredo, 2001). As
regards the environmental module of the model, sso@ate the pollution to the use of
production inputs, namely link the use of nitrogeputs (e.g., nitrogenous fertilisers,
manure) to nitrogen loss through leaching/runofb igroundwater (nitrates) and greenhouse
gases (emissions of nitrous oxide and methane) 7 @906; OECD, 2003). We measure the
impact of animal welfare changes on trade and enmient indirectly through production. A
schematic representation of the model is presentEgyure 1.



Figure 1. Animal welfare, trade and environment PE model
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Schematic representation of the PE model, showing the main componentsand
linkagesrequired for the case study

Production and trade part of the model

In terms of notation in the demand, supply anddraduations, thes are functions’
parameters and thB; represent dichotomous variables (introduced ferdases of atypical
values of the variables in some years) that takeevane in the year “i” and zero otherwise.

Demand

The per-capita consumption of pig meg}éopt (where C; is the total consumption

of pig meat at period t anBop; is the mid-year Scottish population) is presgém equation
(1):

C 2 2 2 |
POtpt =a,+a,R® +a,R° +a,P’ +a,R® +a,R° +a,P’ +B7(Potth W



The per-capita consumption of pig meat dependfiemdal price of pig meﬁf, and

the real prices of beePtB and poultry meaiPtC as substitutes. In addition, equation (1)

includes the effect of changes in the per-capahincomd; .

Supply
The crop of pigletsY;(i.e., pig production) presented in equation @)defined by
multiplying the inventories of sows from the prem';operiod,S(f_l) by the piglet crop rate

r’ (assumed to be a function of its previous periatli®, a trend variable t and dummy
variables, Qear ).

Y, = (S(St—l) )* (ao + alfaY-l) tat+a,D, ‘i) (2)

Equation (3) presents the number of slaughtered $oiv in the current period, which
is equal to the product between the sow inventomynfthe previous period and the rate of
sow slaughtérr tHs (which is a function of its value from the prevsoperiod, the log of real

prices for pig meaP", a trend variable t and dummy variablegsb).

H® = (S(St_l) J* (ao +a,log(P?)+a,r W+ at+aD e, ) 3)

The number of slaughtered piglet$,” presented in equation (4) is equal to the

current piglet crop multiplied by the rate of pig&aughtet r thg . This rate is a function of

its value from the previous period, the log of npate of pig meaR", a trend variable t and
dummy variables, Rai.

Htpg = Yt * (ao + 0’1 |09(Rpg)+ aZr(r—S + 0'3t + a4D ) (4)

year'i

! The piglet crop rate was defined as the ratio betwthe number of new piglets and the stock of gowa the previous
period.

2 The rate of sow slaughter was defined as the batioween the number of slaughtered sows and tlemiomy of sows in the
previous period.

3 The rate of piglet slaughter was defined as ttie between the slaughtered piglets and the pagtst in the current year.
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The number of other slaughtered piyS presented in equation (5) is equal to the

inventory of other pigs from the previous periéﬁ_l) multiplied by the rate of other pigs

slaughtet r tHO. This rate is a function of its value from the\pogis period, the log of real

price of pig meaR", a trend variable t and dummy variablege.B.

HO =80, * (ao +allog(R”)+ a,r Eiﬁ%t + 0'4Dyear'i) ©

The inventory of sows at the end of the curreniggerS®, presented in equation (6) is

a function of its value from the previous peridg tog of real price of pig me&®", a trend

variable t and dummy variablesy&

Ss = aO + 0'1 IOg(Ptp ) + aZS(st—l) + 0'3t + a4Dyear‘i (6)

The number of pig losses through death during theent period,D; (equation 7) is
estimated as the product between the total pignitovg from the previous period (i.e., sows
and other pigs) and the pig death rate,, which was approximated by an autoregressive

function which includes dummy variables,f:

D, = (S5, + Se Je(ap +a,r eyt a,D ) (7)

(t-1) 2 year'i

The estimation of the average carcass wéigw is done by equation (8). This is an

autoregressive equation that also includes theafapeglet slaughter, a trend variable t and
dummy variables Rai

W:a0+alvvt—1+a2rthg+a3t+a4Dyear‘i (8)

t

4 The rate of other pigs slaughter was defined @satio between other slaughtered pigs and thentowe of other pigs from
the previous year.

® The variable ‘average carcass weight’ was conttduby dividing the production of pig meat and pigheat by the total
number of slaughtered pigs.



Trade

) s estimated based

Equation (9) for imports of live pigs (sows andentipigs), Mt(
on the log of the ratio between the domestic poicpig meat and piglet meat and the world

price of pig meat and piglet meat. The equatiofushes dummy variables, £ :

(s+0) = R
M =a,+a,log = +0,D

t

9)

S+0

Equation (10) for exports of live pig **®, depends on the log of the ratio between

domestic price of pig meat and piglet meat andatbed price of pig meat and piglet meat, an
autoregressive component, a trend variable t anthtuvariables, Rar:

S+0 Pp s*o
xt( ) = aO + al |Og(ﬁj + azxt(—]_ ) + agt + a4Dyear'i (10)

t

Equation (11) for imports of pig meat and pigletan#,” depends on the log of the

ratio between domestic and world prices of pig merad piglet meat, an autoregressive
component and dummy variablesef

p

W year i (11)
t

MP=a, +allog[ i j+ath‘il +a,D
Equation (12) for the exports of pig meat and pigieat, X,”, depends on the log of

the ratio between the domestic and world pricespmf meat and piglet meat, an
autoregressive component and dummy variablgs, D

p

P
XP=a,+a, |og[ﬁ} +a, X2+ 3D ey 12)
t
Equilibrium
The closure equation (13) for the analysis of tlys pnarket presents the balance in
the inventory of other pigsS®. This depends on the inventory of other pigs frtha
previous periodS(‘f_l), the changes in the sows’ inventory, slaughteligd, pmports of live

pigs, exports of live pigs and number of pigs lssbeough death during the current period.



=50, ~(8" - st (v - He - He (M) - x ), (13)

Equation (14) presents the balance in the pig raedtpiglet meat marke®” , which
depends on the stock of pig meat and piglet mea fthe previous perioCB(f_l), the total

production of pig meat and piglet meat (equal te pinoduct between the total number of
slaughtered pigs and the average carcass weighpopris of pig meat and piglet meat,
domestic consumption of pig meat and piglet medtexports of pig meat and piglet meat.

S = S(?—l) + (HtS + Hto)vvt +MP-C - XpP (14)

The model closes assuming that changes in investaie adjusted to the current
disequilibrium (i.e., excess of supply or demamthwever, it is possible to set a value for the
change in pig meat and piglet meat inventory and the domestic price of pig meat and
piglet meat that clears the market. The modelagamave dynamic and estimated by ordinary
least squares.

Environmental module of the model

In order to simulate the impact in the changingketiconditions on production and
thus on the environment, the factors affectingogémn use and concentrate use are modelled
separately. The environmental component of the inmmiesists of an equation estimating the
nitrogen loss to leaching (based on nitrogen ba&prand an equation estimating the
greenhouse gas emissions (specifying GHG as aidunot applied nitrogen, number of pigs
and related emissions of methane and nitrous @adeerted to carbon equivalents).

Nitrogen loss through leaching/runoff into groundwater

The use of nitrogen per hectare is modelled in re¢va&eps. First, we model the
conditional demand for each one of the crops ireduiesh the feed ration. We assume that the
production of pig feed follows a Leontief productidunction (i.e., fixed proportions
technology), where the s are the technical coefficients associated to @aoht and indicate
the amount of each input (i.e., component) requiigdthe production of a unit of feed
(equation 15).

F _ mln{ FIB FIW FtSB FtUSBP FISO }
t ' ' 1 '
aB aW aSB aUSBP aK) (15)



In equation (15)RK is the production of the feed ration per pig hteat depends on

barley (F2), wheat §" ), soybeans k%), unmolassed sugar beet pulp“f"), salt and

others ). The conditional demand for grains in the fedibrais given by equation (16):

F' =a, [F s +s°) (16)

To obtain the requirement of nitrogen used aslieti per hectare, we transform the
total demand for each crop (equation 16) into thmimer of hectares required for the crop

(using the national average yields for the crc&n,y{) and then the amount of nitrogen used

by means of an input-output coefficient;). Thus, the use of nitrogen for the crop “j" ireth

production of feed I(xlb Is given by equation (17):

. Fl
NS =4 DgtJJ
Yi (17)

The total amount of nitrogen loss through leachinmypff is influenced by the balance
between the nitrogen inputs (fertiliser applicationineralisation of organic sources - manure,
seeds and planting materials, crop residues, hizdb§xation - and atmospheric deposition)
and outputs (plant uptake, ammonia volatilisatiod denitrification).

We compute the nitrogen loss through leaching/riumbdd groundwater GW,; ) based
on the OECD soil surface nitrogen balance at Ukll¢Voma, 2006; OECD, 2008) (equation
(18)):

Ol
GW, =1 +12+12+10+17+12 ——L
d (18)

Where Iit i =1,..,6 denotes the nitrogen inputs, namely the nitrogentent of
fertilisers (I%), nitrogen content of pig manure productioer, atmospheric deposition of
nitrogen (It3), nitrogen input from biological nitrogen fixatio(lf'), nitrogen content of seeds
and planting materialslf), and nitrogen content of crop residueg)( The nitrogen outputs

consist of nitrogen uptake by harvested crops anagk for pigs feedingcﬁ) divided by

10



annual average drainage measured in mm/yehr) (and the nitrogen loss through

leaching/runoff into groundwateGW; ).

The nitrogen content of fertilisersk%o is defined as in equation (19):

) OF
It = /‘Nit Z Nt]
j=H

(19)
OF i - g -
Where ZN{ is the total amount of fertilisers used for vegetaps for feeding
j=H
pigs measured in MT and\{j; ) is the fertiliser nutrient conversion coefficiemeasured in

kg / MT.

The nitrogen content of pig manure productid)ﬁ)(is defined as in equation (20):

12= 1, [8° + A, ESO—/]E(/‘.: 5+ 4, Eﬁo) (20)

Where A, is the coefficient to convert sow numbers into orannutrient quantity
and composition (measured in kg/head/yeat),s the coefficient to convert other pigs

numbers into manure nutrient quantity and compmsitin kg/head/year) andg is the
coefficient for the destruction and evaporatiommainure.

The atmospheric deposition of nitrogen on agricaltdand (It3) is defined as in
equation (21):

F B FW F B F UsBP
It3 = /]B [E;BJ + /lw [Et_WJ + /]SB [Et—ss] + /]USBP [EW]
Y, Y, Y, Y, 21)

Where Ay, Ag . Ag, A are the coefficients to calculate atmospheric ditjom of

nutrient quantity and composition on areas plamt@tl wheat and, respectively, soybeans,
barley and sugarbeet used for feeding pigs (kgénekt

The nitrogen input from biological nitrogen fixahic(lf) is defined as in equation
(22):

11



FB FW FS?) FUSBP
Itél:ABB[E tBJ+/]BW[€ t\/\/J-i-ABSBI:ﬁ tSBJ-FABUSBP[ﬁ tUSBPJ
yt yt yt yt (22)

Where Agg,Apw . dss Ay are the coefficients to calculate biological rgeo

fixation from the areas of barley and, respectiveipeat, soybeans and sugarbeet used for
feeding pigs (kg/hectare).

The nitrogen content of seeds and planting maﬂe(iqﬁ) is defined as in equation
(23):

15 = Ay [SPM B + A5, (BPM Y + A, TBPM & + Ay [BPM VP 23)

Where Agg, Asw.Ass Aqse are the coefficients to convert barley seeds and
planting materials and, respectively, wheat, sogbgaugarbeet seeds and planting materials

into nutrient uptake and composition (kg/MTSPME SPMY ,SPM &, SPM S are barley

seeds and planting materials and, respectivelyatylseybeans, sugarbeet seeds and planting
materials (1000 MT).

The nitrogen content of crop residuds ) is defined as in equation (24):

6 _—
It _ARERt (24)

Where R are the crop residues (straws) (1000 MT) &g is the coefficient to

convert crop residues into nutrient uptake and amsition (kg /MT) (straws removed from
the field are returned as farmyard manure).

On the output side, the nitrogen uptake by hardesteps and forage for pigs feeding
is defined as in equation (25):

O =g %+ Ay (R + A TR + Ay (R (25)

Where A Ay Adusss Auuse @re the coefficients to convert the respectivepgro
(barley, wheat, soybeans, sugarbeet) into nuttptegke and composition (kg/MT).

12



Greenhouse gases emissions

Greenhouse gases emissiof®HG; ) are incorporated in the model (such as in Toma

m .
2006; OECD, 2003) as a function of applied nitrogéh = ZN{) and the number of pigs
=1

(equation (26):

GH, = (e, [0+, [+ @, [03)8° + (e, [0 + @, [0F + @, [)F +ey, @, N,
(26)

Where: Q°, QP are coefficients to convert manure from sows atiropigs into
nitrous oxide (NO) emissions from manure management (k® M pig head / year)Q; ,
Q7 are coefficients to convert manure from differeategories of pigs into methane (§H

emissions from enteric fermentation (kgO\/ pig head / year)2;,, QY, are coefficients to
convert manure from different categories of pige imethane (CkJ emissions from manure
management (kg XD / pig head / year)2, is a coefficient to convert fertiliser into nitr®u
oxide (NO) emissions (kg pD / kg of N).

Methane and PO emissions from these sources are converted o tarbon
equivalent. The C@equivalent of a non-C{ygas is calculated by multiplying the mass of the
emissions of the non-GQyas by its relative global warming potential (GWEpnsidering
the time horizon of 100 years, methane and nitmude are multiplied by their respective
GWPs Wy, andwy) to obtain their C@equivalents.

Animal welfare component of the model

The animal welfare component of the model is basethe results of a commercial
sow feeding trial described by Ferguson et al. 20The experiment analysed the effect of
feeding increased dietary fibre from mid lactationil mating on the number of piglets born
alive. The fibre source used was unmolassed suesrpul which replaced cereals (mainly
wheat) in the diet. Unmolassed sugar beet formé&d @0the lactation diet and 40% of the
diet fed between weaning and oestrus.

As regards the link to the 'production and tradetute, the impact of animal welfare
issues (i.e., increased piglet survival due to gkann sow’s diet) is estimated through the
equations in the 'production and trade' module.,(&hgmber of pigs losses through death’,
‘crop of piglets’, ‘number of slaughtered sows’)s Aegards the link to the environmental
module, the animal welfare element may affect th@arenment indirectly through production

® Sugar beet pulp is a by-product of sugar beet0 K@0of sugar beet, without the foliage, yield I40of sugar,
58 kg of dried pulp, 40 kg of molasses, 15 kg adthvesidue, 60 kg of Betacal and 687 kg of watenoAgst the
by-products, the dried pulp and molasses are deifabfeed (Elferink et al., 2008).

13



or directly through changes in manure compositioa th changes in sow’s diet. There is no
exact data on the change in the sow's manure catiopogue to the specific modification in
diet and the related environmental effects. Onotte hand, the addition of dietary fibre (e.g.,
sugar beet pulp) causes a nitrogen excretion Bbift urea in urine to bacterial protein in
faeces which might reduce the environmental imghethm, 2003; Aarnink et al., 2007;
Hansen et al., 2007). On the other hand, there tnbglan increase in the methane emissions
from manure fermentation, higher for sows than, iftstance, growing pigs (Jgrgensen,
2007). As we do not have the exact information allmmw much these contradictory effects
counteract each other, and, based on literaturexpect the net effect to be negligible, our
model assumes no direct environmental effects duehanges in manure composition.
Therefore we measure only the indirect environmegftacts through production.

Data

Data from the scientific experiment on pig neonatalvival through improved (high
fibre) sow diets used before mating — Prof. Chekghworth, University of Edinburgh;
Ferguson et al. (2004). Pig meat and piglet meknba and livestock balances — Meat and
Livestock Commission (MLC) 2008 Yearbook; SAC FakManagement Book 2008/2009.
Data on pig meat, beef and poultry — MLC 2008 yeakh FAOSTAT Database;
EUROSTAT database. Price forecasts for all the ntgags — estimates based on EU
Agricultural Outlook 2008-2017; OECD -FAO Agricutal Outlook 2008-2017. Own-price
and cross-price elasticities for beef and the nsedustitutes (DEFRA; Scottish Executive
Statistics Department). Meat consumption and coesupmice indices - MLC yearbook;
FAOSTAT Database; EUROSTAT database. Exchange iafesmation - EUROSTAT.
Parameters in the equations of nitrogen loss tohlaeg/runoff — OECD. Global warming
potential coefficients for methane and nitrous exid IPCC. Coefficients for methane and
nitrous oxide emissions from livestock systems -R@OCC Greenhouse Gas inventory.

Simulations

We consider two animal welfare simulation scenaritmmely the status quo — no
animal welfare change as regards pig neonatal fitpr(paseline scenario) and the case of
improving pig neonatal survival (alternative scémaand compare the impacts on trade and
environment between the two scenarios during timelsition horizon 2008-2015.

Assumptions of the Baseline scenario:

—  Traditional diet for sows and implicitly no chanigepiglet neonatal survival (assume 22
piglets per sow per year);

14



-  We assume the pig and pig meat consumption, prauend trade will generally
follow the trends forecasted in the EU pig meat katroutlook (EC, 2008, EU
Agricultural Outlook 2008-2017);

—  Per capita consumption of pig meat increases tawde end of the simulation horizon;

—  Pig meat production increases slowly during theusation horizon (at the beginning
slowed down by the increase in cereal feed prites) less so due the stabilisation of
prices);

—  Pig meat imports from the EU and the rest of UKaamat 2007 levels at the beginning
of the horizon and then slow down following thebdiaation of cereal feed prices);

—  Pig meat exports to the EU and the rest of UK remahi2007 levels at the beginning of
the simulation horizon and increase slowly aftedsahowever the pig meat net trade
remains negative during the simulation horizon;

—  The total pig stock increases at a slow rate;
—  Pig meat prices are predicted to increase stehglithie end of the simulation horizon;

—  Wheat prices are expected to fall from the recemtkp, however they will increase by
50% by the end of the simulation horizon compacethé past decade;

— As regards sugarbeet, projections for sugar pces30% higher than the last decade,
(much lower increase than the increase forecasieaviieat prices). We assume the
prices of sugar beet pulp follow a similar trendotiand does not produce sugar beet,
but imports it from the rest of Ukand EU.

Assumptions of the Alternative scenario:

- Alternative diet for sows (wheat partially repladeglunmolassed sugar beet pulp) and
implicit improvement in piglet neonatal survivaB(piglets per sow per year).

-  We assume no changes in consumption due to chamgessumers’ perception about
pig welfare.

- We assume the pig and pigmeat consumption, praduand trade will generally
follow the trends forecasted in the EU pigmeat raarkutlook (EC, 2008, EU
Agricultural Outlook 2008-2017), as presented alhavaer the baseline scenario.

" UK sugar beet production is limited to some 7,00@ta holders, effectively all in England only. Ara 9
million tonnes of the UK sugar beet is grown on 080 hectares of land. The beet produces abounillibn
tonnes of white sugar and the residues give 750@@tes of animal feed.

15



Results and discussion
I mpact on trade

The increase in animal welfare has a positive impacnet trade in the alternative
scenario (improved sow diet) compared to baseloemario (traditional sow diet) (by about
13% at the end of the simulation horizon, namel\i#y83% for net trade in live pigs and by
12.40% in pig meat net trade) (Figure 2).

Figure 2. Tradeimpact of pig welfare change
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The vertical line marks the beginning of the simulation horizon (2008-2015). |

The beneficial effects on trade are due to theeg®ed piglet crop and mainly due to
the reduction in production costs due to partiediglacing wheat with unmolassed sugar beet
pulp. The change in sow diet, if applied at pigusidy level would benefit Scottish farmers
and improve the current pessimistic forecasts. Theent situation of the Scottish pig
industry is mainly due to the steep increase i fiegeces during the past couple of years,
however it has been deteriorating for a longerqeerOur model assumes that the change in
diet from more expensive to lower cost feed hapmerg in the Scottish industry, while its
trading partners continue to use more expensivdsfeehis is realistic during the simulation
horizon, however situation might be different i tlonger term when not only Scotland, but
also its trading partners would have lower feedscdse to the technological change.

I mpact on environment

The increase in animal welfare has a lower impacevironment in the alternative
scenario (improved sow diet) compared to baseloemario (traditional sow diet) (by about
6% at the end of the simulation horizon, namely6t84% for greenhouse gases - methane
and nitrous oxide in carbon equivalent- and by ®23or nitrogen loss through
leaching/runoff into groundwater) (Figure 3).
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Figure 3. Environmental impact of pig welfare change
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This is due to a combination of factors. First, fw®duction of sugar beet and
implicitly its by-products, e.g., sugar beet pulped not impact the environment in Scotland
as Scotland imports sugar beet; therefore the moasalsures a lower use of nitrogenous
fertilisers for the domestic crops included in thedified diet of the sow and, for the same
reason, it does not consider the lower nitrogemkgby sugar beet crop compared with the
nitrogen uptake by grain crops (e.g., wheat antepgrrwhich has in itself a negative impact
on environment. Second, the change in sows’ dedideto decreased piglet mortality and
therefore lower replacement rate for sows and, icitiyl, reduced emissions from manure due
to reduction in quantities.

As already mentioned, the model measures only ridegeict environmental effects
through production (i.e., nitrogenous fertiliserseuor crops and nitrogen content of sows’
manure) and assumes no direct environmental effertgo changes in manure compaosition.
There are diverse and contradictory opinions onldkter issue. Robert et al (1997) stated
that, in the case of feeding high fibre diets tovsdqoffered as a way of partially satiating
limit-fed sows), adding fibre to the feed may addte environmental burden of the farm as
non-ruminants do not utilise fibre very well. Oretlother hand, Fernandez et al. (1999)
studied the role of complex dietary carbohydrateggér beet pellets) as inhibitors of
ammonia emissions from growing pigs in an experinienvhich sugar beet pellets replaced
15% of the test feed cereal content. The resultsved that the ammonia emission was
reduced by about 13% as a consequence of replabitgof the diet cereals with sugar beet
pellets. Similarly, Canh et al. (1997) also fouratmasing pH and ammonia emissions from
the slurry when the inclusion of pressed sugar pakt silage (SBPS) in the diet of growing
pigs was increased. The lower pH of faeces and reaonl pigs fed diets with high
fermentable dietary fibre content is an efficieneans for reducing ammonia emission
(Aarnink et al., 2007). Hansen et al. (2007) stdbed the addition of dietary fibre into diets
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may be a practical method to alter the chemical pmsition of faeces and slurry. The
nitrogen excretion shift from urea in urine to kel protein in faeces is a potential means
for reducing the environmental load of pig facdgi(Nahm, 2003). This is because, while the
breakdown of protein in manure is a slow procekmgaweeks and even months depending
on the temperature, the degradation of urea to anaremd CQ covers only several hours
(Aarnink et al., 2007). Bindelle et al. (2008) iheir review on the nutritional and
environmental consequences of dietary fibre in midgrition mention several other studies
with similar results (e.g., Sutton et al., 1999¢e#zer et al., 1998).

As Hansen et al. (2007) state, there is still adbtwork to be undertaken on
standardisation of dietary composition and on meagutechniques as, under current
experimental settings, the effects on the ammong&thane and nitrous oxide emissions can
not be clearly shown. This is also the case ofamalysis, where there is no exact data on the
change in the sow's manure composition due to pleeific modification in diet and the
related environmental effects. On the one handnitnegen excretion shift from urea in urine
to bacterial protein in faeces might reduce tharenmental impact. On the other hand, there
might be an increase in the methane emissions framure fermentation, higher for sows
than, for instance, growing pigs (Jgrgensen, 2083)we do not have the exact information
and how much these contradictory effects countezach other, our model assumes no direct
environmental effects due to changes in manure osmpn.

We have also measured the environmental impactghirhypothetical case that
Scotland were a producer of sugar beet and theedelanvironmental effects were not
‘exported’ to the sugar beet producers from wheratl8nd imports sugar beet (‘Rest of UK’
and ‘Rest of EU’). The increase in animal welfagas la slightly lower impact on environment
in the alternative scenario (improved sow diet) parmed to baseline scenario (traditional sow
diet) (by about 4% at the end of the simulationzwor). This shows that the use of sugar beet
pulp in sow’s diet would have a slight positiveeetf on environment even if sugar beet were
produced domestically. Moreover, as sugar beet igudpby-product of sugar beet, the change
in sow’s diet would not have an ‘independent’ eamimental effect as sugar beet is cultivated
chiefly for human consumption (sugar productionhlyOrf the demand for sugar beet pulp
due to the change in sow’s diet at pig industrglexceeds the demand for sugar beet for the
production of sugar, would the related environmieeficts be directly and solely caused by
the pig industry.

Our model only measures the environmental impactwater and air. There are other
aspects not covered here, such as land use arglyearss. Elferink et al. (2008) analyse some
of the environmental impacts of feed crops for pineduction of pig meat and compare the
land and energy use for grain crops and food residhere he includes sugar beet pulp and
potato peels). One of the conclusions of their wtigdthat the environmental impact (e.g.,
land use, energy use) of food residue-based fegd grigar beet pulp) is significantly lower
than that of grain-based feed (wheat).
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Conclusions

The results show that the increase in animal welfaas a lower impact on the
environment in the alternative scenario comparettiédbaseline scenario (by about 6% at the
end of the simulation horizon). As regards the iotfa trade, the increase in animal welfare
has a positive impact on net trade in the alteveagcenario compared to the baseline scenario
(by about 13% at the end of the simulation horizdmjis is one case when animal welfare
improvements have beneficial trade and environnhesftacts. The model provides policy
relevant information and an improved understandifghe interactions between economic
and environmental values and animal welfare inctir@ext of CAP reform.
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