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Abstract

Food safety is a key policy area that has recemtiyessed substantial alignment of risk profiled an
regulatory interventions. More risk-based and fhi approaches to food safety controls are
increasingly adopted to ensure that greater emphasplaced upon incentives for compliance
through, for example, use of preventive food safenagement systems aimed at encouraging food
firms to manage risk associated with their prodacid processes.

Among the new regulatory approaches are ManageBesdd (MB) strategies which are
implemented in food and environmental safety cdstridowever, there is surprisingly no published
research that empirically evaluates the efficieotyhe strategy in food policy areas applied. lis th
paper, we first develop a mixed principal-agent etdd study the incentives for efficient provisioh
food safety under a MB regime adopted to enforcef@tdl hygiene legislation in the UK poultry
sector. We then econometrically test the corolfagpositions of the theoretical model by using rich
panel data on inspection costs and compliancededor the firms governed by the regime. Findings
indicate that the MB regime entails significantsles of regulatory efficiency due to sizeable
economic rents appropriated by the firms througHeuperformance in delegated official hygiene
controls.

Keywor ds: Efficiency, management-based regulation; fooétyaincentives; panel data modelling.
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1. Introduction

The regulatory approaches combining public and gpeivcontrol activities have recently
enjoyed a degree of popularity in Europe and Nértierica. A number of existing measures
in environmental protection (Coglianese and La2663) and media (Verbruggen, 2009) and
food safety controls (Coglianese and Lazer, 200Binger and Moore, 2009) already
incorporate self-regulatory features that are eipfagtly designed and/or enforced by industry
actors to supplement official controlmong these new approaches is the MB regulation
which requires the regulated entities to flexibhgage in their own internal planning and
rulemaking efforts aimed toward delivering effidigna particular social good such as clean
environment or food safety (Balleisen, 2009, Cawlge, 2010). In doing so the regulatory
authorities implicitly vest responsibility in thendustry actors who may possess the
information and knowledge necessary to design &ffeaontrols of food processes, and
therefore may be best placed to efficiently achigweesocial goals. Such reliance of private
actors almost always occurs at least partly as anm@f reducing the public costs of
regulation, and sometimes reflects antagonism ¢éoube of state power (Balleisen and
Eisner, 2009). In both cases, the underlying reagors that the flexibility afforded to
business is expected to align the firm’s commengealls with the intended social objectives
and as a result induce compliance beyond what woelldossible under traditional forms of
regulation.

Archetypical model of such MB regulation is the remt inspection regime for poultry
abattoirs. Typically, a poultry firm capable of nieg a pre-specified risk-based criteria (as
described below) can partly self-enforce the hygieagulation (European Commission,
2004). At the same time, the regulator retains lastsuntial oversight of the firm’s self-
enforced controls through a combination of mandat@quirements for approval of its
internal rules and monitoring of its processessimedain compliance o secure the approval
for self-enforcement of rules the poultry abatteiest have an established HACG®stem
and appropriate level of staff training (Food Stad Agency, 2007). The approved firms
are allowed to use their staff members, Plant Aasisinspectors (PIAs), as opposed to
public meat hygiene inspectors, to carry out a remalh delegated official ‘auxiliary’ tasks
The firms perform the delegated tasks under thersigion of an official veterinarian and in
return receive financial compensation (European @@sion, 2004, Food Standards
Agency, 2007).

The challenge for this type of regulation arisesadose private actors tend to underproduce
social goods such as food safety, thus creatinged for the regulator to intervene to correct
the resulting market failure (Viscusi et al., 200@) particular, there are uncertainties about
whether the existing EU regulatory governance systare robust enough to effectively
commit the firms to the intended social goal ofesafeat supply. Two key features of the
inspection regime, which is currently used in the &hd a number of other member states,
especially raise questions about its ability toegard meat safety. First, the regime
fundamentally entails a principal-agent relatiopshs the regulator delegates substantive

3 Acronym for Hazard Analysis Critical Control Pqinthich is a preventive food safety management fool
hazard identification, mitigation and monitoringdaxorrecting resulting foodborne risks. It specifikey
elements that the firm’s control plan should hasgch as the criteria for identification of hazaedsociated
with its activities, mitigation and monitoring oifsk posed, as well as necessary corrective actiegsssary
when food production processes are not appropyiateitrolled.

4 These delegated official tasks include auditingvdies to collect information regarding good hggic
practices and HACCP-based procedures of the maat, phinte-mortem checks of animals and post-mortem
inspections of carcasses.



official inspection responsibilities to poultryrius operating under the regulator’s supervision
and compensation (Laffont and Martimort, 2002, baffand Tirole, 1993). The imperfect
nature of meat safety outcomes of the delegatdd tasd the practical difficulties for the
regulator to devise a cost-effective monitorin@tgtgy to verify compliance may in particular
reduce the efficiency of the enforcement regimendda and Traill, 1993, Starbird, 2005).

Second, the official tasks performed by PIAs akelyi to result in varied meat safety
outcomes across the poultry sector given that ¢dgelated firms inherently differ in their
technical skills and food safety management prastitarge meat firms with sufficient in-
house expertise and resources are likely to be rablte to design and implement the
preventive systems such HACCP and hence find & ®serous to comply with rules
compared the smaller firms (Unnevehr and Jense@5,2B8ntle, 2000). Therefore, the
combination of imperfect meat safety and the heggmeity among the firms raise questions
as to whether a MB strategy can efficiently ensueat safety across the UK poultry sector.
And if it not, it is worth then establishing whated to be changed in the existing incentive
structures to improve the efficiency of the regime.

This analysis is pertinent to both UK and EU foaligymaking for at least three reasons:
first, abattoirs are a critical ‘choke point’ tlugh which all poultry products move through
before entering the food chain (Morris, 2005); #fiere effective controls (or lack of them) at
this segment of the chain are likely to have a iB@ant implications for public health.
Second, evidence shows that poultry meat-bone shiskas long been and remains a major
public health concern in the UK and EU. In 200%® goultry meat accounted for 90% and
26% of all confirmed foodborne disease outbreagpeetively caused b§ampylobacter and
Salmonella in England and Wales (Health Protection Agencyi®@0Campylobacter alone
causes sickness in over 300,000 people each yeheitK, with around 15, 000 people
admitted to hospital for treatment and 80 peopleglgvery year Similarly, the European
Food Safety Authority (EFSA) has also recentlyreated that there are approximately nine
million cases of human d@npylobacteriosis linked to poultry products each year across the
27 EU member states (EFSA, 2011). Third, the rhggiene controls paradoxically absorb
considerable public and industry resources. Infil@ncial year 2009/19) the operational
costs of the Meat Hygiene Service (MHS), the agersponsible for the enforcement of EU
official controls in the UK fresh meat industry, ige£68.1 million (Meat Hygiene Service,
2010). About 35% (approx. £24 million) of the oJéreosts have been recovered from
industry through partial (statutory) service charget by EU law, whilst the remainder is
paid for by the taxpayers as a subsidy to the ojpea deficit of the MHS.

Therefore, there is a need for a research to éstaile possible reasons why the existing EU
regime is unable to prevent contaminated poultratneatering food chain, whilst substantial
resources are dedicated to the enforcement of mgaeéne controls in the UK and many
other EU member states. In this paper, we attempariswer these questions by first
developing a theoretical principle-agent modelttadg incentives for compliance under the
MB regime and then specifying an econometric méalédst the corollary propositions of the
theoretical model using a suitable data set. Tipempes structured in six sections. After this
introduction, we discuss the incentive problemg #iiégse under the partial delegation and
compensation in section 2 and then develop a npxiettipal-agent model to study tradeoffs
faced by the UK regulator enforcing the hygienesulnder imperfect information section 3.
In section 4, we specify the econometric panel rhtmempirically test two main hypotheses

® UK Research and Innovation Strategy for Campyltdrac in the food chain 2010-2015
® | atest available data



derived from the principal-agent model. The remaimaf the paper discusses the results and
draws conclusions from analyses.

2. Incentive Incompatibility in Meat Hygiene Controls

The delegation of an official task to a meat firag€nt) with private information inherently
brings about an allocative efficiency problem fbe tUK food safety regulator (principle).
The firm’s private information can be of two typegther the firm has some knowledge about
its cost that is not recognised or is ignored leyghnciple during approval process, the case
of adverse selection or hidden knowledge, or the firm can subsequendlet action
unobserved by the principle, the casenadral hazard or hidden action (Laffont and
Martimort, 2002). The theory of incentives, andparticular principal-agent paradigm,
provides adequate analytical framework to deternopémal ways of coping with the
imperfect information which affects regulator’s ldli to efficiently achieve the social
objective(s) encompassed by the delegated tasgphsaf safety meat.

The principal-agent model has been extensivelyiegph recent years to study the incentive
incompatibility between firm’s goals and the praers of food safety under commercial
supply contracts. Chalfant et al. (1999) developednceptual principal-agent model with an
adverse selection problem to study the effectenglerfect information about product grading
with errors on returns to producers. Starbird (3008ed a principal-agent model with a
moral hazard problem to study the contractual ilahip between a buyer and suppliers in
relation to food safety assurance. He demonstrétedl inspection regimes based on
stochastic sampling policies influence the behaviousuppliers. Similarly, Starbird and
Amanor-Boadu (2007) used a principal-agent modehe context of adverse selection to
examine how contracts that incorporate productetibiity can be used to exclude primary
producers who cannot meet a processor’s safetyifispgions. More recently, Goodhue
(2011), who has reviewed the economic literaturgarging incentive contracts and the
provision of food quality, concluded th&ihancial incentives can be effectively used in
contract selections when product attributes ardyealsservable at the point of transaction,
whereas requirements for inputs and actions negetsachieve quality tend to be used at
the production stage when an attribute is not yasiservable.

Although these studies draw from the analysis ohroercial contracts inferences that are
relevant to food safety regulation, they do pet se examine the incentives for compliance
under a regulatory contract, for example, involvangirect relationship between a regulator
and a regulated food firm. As today, no publisheskarch has, to the best of our knowledge,
modelled formally the behaviour of food firms underegulatory contract with imperfect
information and compensation for delegated offitzaks. We intend to fill this gap in the
research by assessing the impact of potential adwsa&lection and moral hazard arising from
the approval process for the MB enforcement styateyl subsequent performance of the
delegated auxiliary tasks respectively. Although tagulator is using a risk-based criteria in
this case, a poultry firm would have prior knowledgbout its ‘type’ in relation to its
products, processes and practices, as well amssatiated with the delivery of the delegated
tasks. In addition to the adverse selection, p@aved firm can also subsequently under-
perform the delegated official tasks to minimisedbmpliance cost and as a result entail a
moral hazargroblem for the regulator (Mirrlees, 1999).

Therefore, under MB regulation and imperfect infation, a poultry firm can potentially
extract information rents by underperforming théedated tasks in the knowledge that it is
costly for the regulator to adopt extensive momigistrategy to uncertain the safety outcome



of the self-enforced hygiene controls (Baron anceMgn, 1982). Monitoring is costly in this
case because the microbiological safety attribofemeat are by nature difficult to discern
without extensive analysis at production stageaumsumers can verify the attributes at the
point purchase (Henson and Traill, 1993, Antle, 53,98hogren, 2003, Unnevehr, 2000).
Therefore, the MB enforcement may result in a sptirtal compliance due to the scope for
the firm to redeploy its PIAs away from the deleghbfficial tasks to normal production
activities in order to minimise compliance costeTdxisting EU rules for the organisation of
official controls require a distinct separation tife delegated tasks and production
responsibility to limit any overlap of PIAS’ roldEuropean Commission, 2004). However,
the approved firms may under-perform the delegadestts if the supervision by official
veterinarians is weak and/or monitoring meat safetgo costly for the regulators and buyers
(Vetter and Karantininis, 2002). In support of tAigument, a combination of intense price
competition in meat supply chains (FT Editorial, 13D and weak regulatory oversight of
abattoirs (Andrew and Pickard, 2013) were linkethe recent incidents of undeclared horse
meat partly contaminated with the veterinary drigrnylbutazone entering in the UK and
EU meat supply chains.

In these circumstances, the regulator clearly faaedradeoff between reducing the
information rents extracted by the firms and ahgitan acceptable level of effort to ensure
meat safety (Laffont, 1995). In effect, the regoitas forced to pay the firm a rent (over and
above the efficient price (or compensation) for tledegated auxiliary tasks to induce meat
hygiene effort (see Grossman and Hart, 1983, Jet@¥&8, Holmstrom and Milgrom, 1991,
Miller, 2005). We develop a mixed principal-agembdel to study the extent to which the
adverse selection and moral hazard affect theiefioy of the MB regime for the UK poultry
sector. We focus on the incentive leverages thelagg can use to induce the firm to take
actions that are conducive to principal’s interesin this case the policy objective of
safeguarding meat safety at minimal social cost.

3. Mixed Principal-Agent M odel

We modify a mixed principal-agent model originatlgveloped by Laffont (1995) to study
the relationship between a regulator and a prodatarrisky environmental good which is
supplied under a contract with a moral hazard vedld by adverse selection. We implement
this theoretical model in an inverse contractudtirsse whereby the regulator first faces an
adverse selection problem arising from the appro¥ah firm for a MB regulation under
imperfect information and then designs an optimdbeement mechanism to alleviate the
subsequent moral hazard problem entailed by tregdesd tasks.

Let us assume that the regulator uses the riskdbapproval criteria at his disposal as a
screening devise and can discriminate the inefftdiems (i.e. with poor safety management
capability and thus unsuitable for approval for Ivigjulation) with probability ofc. Let us
also assume that, once approved, the regulatedpiarforms the delegated task with the
realization of certain meat safety outcome withiaoalues.

The cost of the MB enforcement regime at a firmeles:
C=p—e1, (1)

Wherep is an efficiency characteristic of a firm which, this case, represent a social cost
incurred per unit of inspected output (i.e. a aaicture or type of abattoir) ardis a pre-
approval compliance effort variable of the firm;tims case the adoption of HACCP system
and training, which affect regulator’s enforcemeost. Given the imperfect information and
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uncertainty about the agent’s ex ante HACCP arfdl tstaning activities, an approved firm
creates a meat safety risk with probability = which represents the likelihood of meat-
borne risk materialising with a social c@stThe expected value of the MB enforcement
strategy is therefore

S—(1-n)E (2

The probability of safe meat supptyresulting from a correct approval is subsequently
affected by the firm's subsequent choice of a nerteeat hygiene control effort level ef
which combines withe; to create for the firm’'s a (non-monetary) diswilip(e1+e2) . We
assume a non-monetary disutility effort in beca(egethe pre-approval HACCP and staff
training are a legal requirements for any firm pgtfor MB enforcement under consideration
and as such the firm’s pre-approval cost accrue samken compliance cost, and (b) the firm
receives a full ex post compensation for the deézfjauxiliary tasks in this case. We also
assume that the two types of effort are perfecstsuibes given that the better prepared larger
abattoirs with greater economy of scale and superibouse food safety expertise are likely
to both secure approval and find it easier to effity perform the delegated tasks, if they
wish and/or are compelled to do so, compared lessurced smaller abattoirs (Unnevehr,
2000).

To simplify the analysis we assume that the sad#ityt e, can take only two value8,for no
PlAs effort andl for maximal effort, withm (1) > 7(0). Unlike Laffont who assumed thAt

is always very large and heneg=1, we allow E to vary such that &<1, depending on the
compliance behaviour of the firm and effectivene$sthe veterinary supervision. Our
analysis therefore departs from Laffont’'s one as famnally model the impact of firm
compliance behaviour on the efficiency of the MBinge through scrutiny of the uncertainty
aboutez More specifically, we assume that, on the one hémele is always a degree of
official veterinarian supervision that preventsoaplete neglect of hygiene controls even if a
firm is performing all official auxiliary tasks. Otie other hand, the firm may to have some
non-regulatory incentives to ensure meat safetjuding concerns about possible product
liability and loss of market share and reputati@agwell, 2005, Antle, 1999, Thomsen and
McKenzie, 2001, Salin and Hooker, 2001). The comtam of these incentives would
prevente; to become trivially small — i.e. a complete neglgicmeat hygiene by an abattoir.
However, given the scope for deployment of PIA€sthincentives may not necessarily
suffice to deter the firm from some degree of urmtempliance, especially knowing that it is
costly for the regulator to verify safety outcoméetter and Karantininis, 2002). Therefore
we allowe;to vary between extremes.

Let t be a compensation (net) transfer from the regutatthe firm using its PIAs to perform
the delegated official auxiliary tasks. The firrajspost utility level is:

U=t—1(er+ez) )
The expected social value of the MB enforcemeiatetyy is:
V=S—-(1-mE—-1Q4+1)(C+1), (4)

Where A1>0 and 1+ 1 is the social value of public funds used by thgutator to
compensate the firm.

The objective of the regulator can then be written:



W=V+U=S-—1-m)(e))E-—(1+A)(B —e1 +t)+t—1P(e1re2)=S —
(1 —-m)(e2))E = (1+D(B —e1+P(errer) - AU ()

Given that the firm’s effort is always necessaryetsure meat safety, we assume that the
value of functiony is strictly positive and increasing — that is tayg(0) =0, ¥’ >
0and " > 0.

Under the imperfect information about firm’s typsdeeffort, the regulator cannot observe ex
anteC , 8 and e, but can instead observe ex post the total coshggection incurred to
enforce rules at a particular firéh and the occurrence of any linked poultry-bornestsaf

incident e. B can therefore take two values in this cgséor the inefficient agent type arﬁ_ﬁ
for the efficient type, with3 > g and v = Pig =B).

Applying the revelation principle, a determinisiicm of the MB enforcement contract can
be written as a revelation mechanism:

tsa(B),tus (B), C(B), which specifies for each announced efficiencyratiristic 5 an
inspection costC(f) and net transferss and ts2 for ex post compensation to be received if
or not meat-borne incidents attributable to a fooeur respectively.

For an announcement the firm's expected utility is:

UB,B,e2) = m(e2)t=2 (B) + 1 — m(e2)t*s (B) — (B — C(B) + e2)

Given the high prevalence of the pathogens assuoCciith poultry meat and the potential
severity of public health risks they pose, it is reasondblassume thaf is positive such
that the regulator would always wish to implemesnt0 for all B, even in the absence of the
liability and commercial incentivesWe therefore have six incentive constraints engur
that each firm should both truthfully announcetyise and exerts some level of meat hygiene
controls:

Ug.p1) = URBB1) (6)
u,B 1) = U(B B 0) )
Ug.p1) = UB,B0) ®)
UBB1) = UB,B 1) 9)
UB,B.1) = U(B,B,0) (10)
UB,B1) = UB,B0) (11)

! Although it is costly for the regulator to verifiye safety, we implicitly assume that some meatbalisease
incidents are reported when detected and can kedito a firm through traceability records.

8 21% and 22% of approximately 500 deaths causdddgborne disease in 2008 in England and Wales are
attributed to Campylobacter and Salmonella respelgtisee FOOD STANDARDS AGENCY 2010. Annual
Report of the Chief Scientist 2009/10.

o Regulator has legal powers to shutdown any firamébto have systemic failures in its food safetytoals;
therefore, on average, firms will always exert sdevel of effort to control hygiene.
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We also need to impose two participation constsaint

UB.g1) =0 (12)

u(gp1)=0 (13)

As proofed in Appendix A, there are only two binglimcentive constraints; namely (6) and
(13), which are the incentive constraint of thecg#ht type and the participation constraint of
the inefficient type respectively.

DenotingU(B) = U(B, B, ez2), and considering that, >0 is always preferred; the regulator
maximizes the expected social welfare function untke remaining four constraints as
following:

v[S-(1-m(e2)E-(1+2) (g —e1+ l/)(gl-l-gz)) —AUPB)+A-V)[S — (1 —m)(e2)E —

A+ )(B —e1+Y(E+e)) —AURB) (14)
Optimisation of the above equation yields two sétesults:

Y’ (e1tez)=0 (15
Y/ (@1+ez) = 1-—5 ——¢'(e1+ 1), wheree; = 1 (1%)
Y’ (e1tez2)=0 (19
Y/ (@1+e2) = 1-— ——¢'(e1), whereez = 0 (16)

Where¢'(m) = Y(m) —p(m — 4B) andm is the volume of meat produced by a firm.

Thereforel/ (8 8,1) = 0,and ¢'(e1) <U (E B, 1) < ¢'(ei+ 1), whereas the regulator

induces hygiene effort as long as the expected fyam meat safety controls exceeds its
social cost orr(0) — (1) > 1+ A.

Our analysis suggests that an optimal MB stratemleuincomplete information entails:

(i) A trade-off between efficiency and safety asetterized by equations (15) and (16).
This suggests that the regulator may be forcedajogertain a rent over and above the true
cost of delegated tasks, in exchange of a greaéat safety which is otherwise costly to

verify under incomplete information.

(ii) A rent given up to typg is greater thap'(e1) but lower thang'(e1+ 1), whilst there is

no rent for typeB. Given that the production scale of a firm detersi its operational
efficiency, this finding suggests that the larged dechnically better resourced larger firms
may enjoy greater economic rents than the smaittasf

(i) A penalty when meat-borne disease incidents i@eported to induce ex post greater
hygiene care. This suggests the regulator cansgatively use penalty regime to punish the
firms found to be under complying following an apyal for MB regulation, providing a
traceability system exists to link reported incitdeof disease to a firm.



We next specify an econometric panel model to englly test these theoretical
propositions.

4. Econometric modd

As mentioned above, the EU meat hygiene legislajermits poultry abattoirs with an
established HACCP system and appropriate levelafff saining to self-enforce the hygiene
rules. As such, the UK poultry sector is currerglyverned by two distinct enforcement
approaches: a MB regime for firms able to qualifyfor approval and a mandatory regime
that relies on public inspectors for firms who aither unable to qualify approval or
voluntarily opt out of MB regime. In order to teéke predictions of the theoretical model, we
focus on the subsector governed by MB and compgaee efficiency in performing the
delegated tasks, based on the estimates of thectesp cost-efficiency;. Given that the
magnitude of the information rent appropriated byeéicient firm is a function of its volume
of productionjn, we use the poultry firm’s annual throughput gsa&y indicator of its type

— that is to say is ability to strategically useaconomy of scale to extract rents.

This approach is justifiable on two grounds. Fiest,discussed above, it is widely recognised
in the literature on economics of food safety thraall firms generally lack technical know-
how and resources necessary to design and impleeffattive food safety management
systems. Thus, it reasonable to assume they aselikety to qualify for approval and/or
voluntarily opt in for MB regulation compared thedium and large firms. Second, a review
of UK delivery models for EU hygiene controls irr$h meat sectors found that 75% of the
larger and medium abattoirs, as opposed to only @b%tnall plants, used PIAs in 2007 to
self-enforce rules (Food Standards Agency, 200/is fieview used the annual throughput as
a cut off to distinguish medium/large (processir@B8?000 birds) and smaller (<287000
birds). The eight largest plants alone accountedafmost 50% of the UK production,
indicating that the medium and larger firms in aggte may also account for larger
proportion of the reported disease if under-perfogihe delegated hygiene tasks.

On that basis, for each of the two groups of MButatgd poultry firms, we specify a
regulatory cost function model as follows:

Cic = Bo+ Bixic + Bayit + Bazic + P4d; + BsdiXit + Bedryic + B7dizic + €it (17)

C is a total annual inspection cost incurred byrdgulator to enforce the official controls at
a particular abattoir. This is a social cost cosipg two components: a sum of timesheet-
based’ cost for all official inspectors (i.e. public veterians and meat inspectors) and the
compensation for the delegated tasks performedbyirim’s own PIAs. Subscript is an
index for an abattoir with certain annual throughpuodt is for time (in years)3, is an
intercept for firm-specific characteristics whiclo ehot change in time, wheregs is a
coefficient of variablex which represents annually reimbursed cost per eathof output
produced by a firm (OUTP).

y is the partially recovered annual fee charges fanma for inspections carried out by
official inspectors. z is total number of enforcement actions taken reggait for any

10 A full description of how this cost and other \adnies are calculated is provided in section 5,.data
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observed breaches of food hygiene rules in a pdatiyear.€it is an idiosyncratic error term
which changes over time and across the two grofipbaitoirs as described below.

d is a dummy variable for the cut off annual outpuith d=1 for a medium/large andi=0

for small abattoirs. The remaining three termshie equation are interaction terms for the
dummy and the three variables in the model. Gihahthe dummy is time-variant, the model
specified allows for the coefficients on (effec) tie intercepts and variablgsy andz to
vary across the two groups of firms. We expect bwth 8, andf, to increase with the total
inspection cost as both the PIA compensation amtdiapaharges add to the total cost of
inspections, whereas the sign f@yis expected to be negative as increases in nunifber o
enforcement actions taken against a firm in yeaulv@educe enforcement activities and
thus the social cost in the following year.

In this setting, a fixed-effects estimator is agpiate to control estimates for any unobserved
heterogeneity among firms operating in the two geoaof MB regulated firms and henceforth
yields unbiased coefficients across firms of défarsizes (Greene, 2008, Wooldridge, 2002).
An additional advantage of this estimator is thalyields consistent estimates even if
regressors are partially correlated with the ereom, ;; (Baltagi, 2008), providing that this
correlation is due to the firm-specific charactiéess (Wooldridge, 2002). The error term can
be decomposed in this case:

&t = Vit + Ui, (18)

Wherev;: is a time-variant component assumed to be indeperahd identically distributed
with mean zero and varianeg. u; is instead a time-constant component associatefirthe
specific characteristics. Baltagi et al. (2009) ddajan and Zingales (2003) used similar
empirical models to study cross-country differentesand the time variation of, financial
development over a number of years. Given thaumcased; encompasses the unobserved
heterogeneity among the firms of different size8rre, the interaction term between per unit
cost for PIAs and the dummy for firm’s size is ecfeel to shed light on the difference in the
efficiency of the MB regime across the two subsecte for example, differences in their
managerial practices that underlie observed difiggein the way they deploy their PIAs
and/or use the chargeable official inspection.h&t margin, the total effect of increasing per
unit PIA cost can be calculated by examining theigladerivatives of total inspection cost
with respect to the per unit cost:

dCit
— = B+ BsXit (19)

xi
5. Data

We use an anonymised data extracted from MHS’ iaffiecords for UK poultry abattoirs
inspections between 2001 and 2008. This data ieatadords of time and throughput-based
charges, PIA compensation costs and enforcemenitiast for each inspected firm. To
calculate the total annual cost of the inspecti@$ we have added the annual time-sheet
and PIA cost. The timesheet-based costs accouatlfimspection costs for inspection carried
by official veterinarians and meat inspectors ioheabattoir. In most cases, the time-based
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charges are higher than those accounted on thratddgsis and firms are allowed to pay
their annual charges on throughput basis if thiedas lower than the time-based charges.
Thus, the variablgi: is the lower of the two fee categories — an ayeament which is likely

to give advantage the large and medium plants igher throughput and faster processes.
The summary statistics in Table 1 show that attleas of the smallest abattoirs paid no
statutory charges although operational, suggestiagthe inspections for some of the small
(possibly marginal remote rural) plants were fidpsidised.

PIA costs %it), is accounted separately as the proportion ofstiaries (including overtime
payments, employers’ pension and National Insuramoedributions) that operators pay to
their PIAs for the time they spend carrying out tleéegated official controls. An additional
25% of that sum is added as a contribution towatdst overheads. The summary statistics
show that there are considerable variability inlee unit PIA costs, ranging from £0.005 to
£8 with an average of £0.14 per poultry bird preees The difference in the per unit PIAs
cost(Bs) for the two groups of firms would in particulaveal whether or not the large and
medium firms are able to appropriate rents throrggteployment of efforfyy) away from
hygiene controls to, for example, standard productactivities. In such eventuality, we
expect the smaller firms to simultaneously havenalter increases in the PIA cagt; + f£s)
and greater increases in partial chargas+ S¢) than the medium/large firm. Note that this
group (d=0) is excluded from regression.

Regarding the enforcement, five types of differadtions are taken against firms found to
breach the rules. In increasing order of gravityboéaches, the actions include verbal
warning, written warning, minded to notice (Scotlaonly); improvement notice and

recommendation for prosecution (Meat Hygiene Sern2008). The number of enforcement
is thus an indicator of level of under-compliance frms with a poor food safety

capability(e1) and/or exerting lower PIA effortez) are likely to have higher number of
enforcement actions taken against them.

Table 1: Descriptive statistics

Variable Description Obser. Mean Min Max
C Total inspection cost(£) 485 143409.1 1373.07 938417.9
X PIA cost per unit of output(£) 484 0.1362027 0.000055 8.044555
Z Number of enforcement actions 478 10.56695 0 164
Y Partially recovered costs(£) 485 58598.7 0 588922.9
PIAC Total cost of PIAs(£) 485 51292.16 210.4 354040.9
OouTP Annual Output 484 8754569 520 8.68x10’
6. Results

We run fixed-effects regression to test the nufpdthesis that the intercepts and individual
pairs of the slopes for the two groups of abattaresequal — i.e. there is no difference in the
intercepts and coefficients. The results reportedable 2 show that the null hypothesis is
strongly rejected for the fixed effects interceptidhe coefficients for both unit PIA cost and

partial charges. The interaction term for PIA cisstalso highly significant, whereas the

interaction term for the partial charges is higiisignificant.
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The results together suggest that there are signifinherent differences in the way the two
groups of firms deployed their PIAs and used adfianspectors which they partially paid for.
The difference between the slopes for PIAs cosheftwo groups of firmf;) is substantial,
suggesting that the medium/large firms receive ickemably more compensations per unit of
output than the small firms. Note that all regressoe rescaled up to the dependent variable
to facilitate comparison; therefore in absolutengrthe difference is 0.0069 pence per unit of
output. Although this figure appears small, for tlaegest firm in the data (processing
8.68x10d birds) the aggregate value amounts to approx. E4@0 year.

In contrast, the medium and large firm on averaad p.013 pence per each poultry carcase
inspected by official inspectors, compared to 0.p28 by the small firms. This difference
(0.0058 pence per carcase) amounts to £503, 44deaffy savings for the largest firm
compared to average small firm.

Table 2: Results of fixed-effects model

Total cost of inspections=dependent variable

Independent Variable Coefficient SE
Fixed effects intecept Bo 64435.61 8100.854
Per unit cost By 0.6967% 0.1701
Partial charges B, 0.1342* 0.0071
Enforcement B -3.557 11.3417
Dummy intercept B. -18922.34 19880.3
d *x Bs -0.6905 0.1703
dx*y Bs 0.0582 0.5320
d*z B, 2.2904 35.3763

*Significant at 99% confidence level

Finally, the slope for enforcemeffi;) has the expected sign but is highly insignificant
7. Discussion

In line with the predictions of the theoretical negdoverall the results appear to show that
the existing throughput-based charges and PIA cosgi®mn scheme have favoured the
larger UK poultry plants which have benefited frtime greater scale of their operations. The
medium and larger meat firms appear to have migichikeir overall compliance costs by
taking advantage of PIA compensation scheme urgeMB regulation due to ineffective
approval process and a weak veterinary supervigieacribed by the existing EU law. In
this case, the moral hazards problem related taléhegated official tasks performed under
incomplete information and compensation has hadighe proceeding adverse selection
problem entailed by the proceeding approval proc€msequently, the dual incentive
problems together have led to a significant loseegtilatory efficiency. This appear to have
materialised through inflated opportunity cost éA$effort for the delegated tasks such that
the large and medium firms used their greater emgnof scale to minimise throughput
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charges by mimicking the operationally less-effitiemaller ones whilst at the same time
over-claiming PIA costs (Laffont and Martimort, Z)Q.affont and Tirole, 1993).

These findings suggest that the current EU legislas not rigorous enough to commit firms
to social goal of safe meat supply. Evidence ligkpoor governance of the EU inspection
regime and under-compliance in the poultry sectwroborates the findings of the study.
Both UK and EU food safety regulatory agencies hagently recognised in major reports
that the regime does not provide strong incentieesiygiene controls at abattoir level and as
such is unable to prevent contaminated meat egtahe food chain (Food Standards
Agency, 2008, EFSA, 2012). In this regard, thisdgtunmakes tangible theoretical and
empirical contributions to the literature in thielfl by systematically the linking weak

incentives for compliance to the underperformeegaied auxiliary tasks.

8. Conclusions

Analysis shows that the MB approach has been Iésgeat in larger firms than the smaller

firm. As predicted by the principle-agent modelg tlarger poultry plants appropriated
sizeable economic rents over the eight year peciodered by the data. Therefore, the
incentive incompatibility between the social goakafe meat supply at minimal social cost
and the poultry firms’ minimising objective has ledsuboptimal enforcement. As such the
MB regime has been incapable of improving publialtre— a finding that is supported by the
reported high disease associated with poultry copsion over the years. This is not
surprising as this group of firm process most aflppg meat consumed in the UK.

Two broader conclusions can be drawn from thisyamal First, under a MB approach, food
safety is largely an outcome of the strategic fovelhaviour and the effectiveness of official
oversight of the delegated official tasks. Therefowithout a well crafted regulatory

incentive mechanism capable of committing firmsstwial goals of safe meat supply, the
MB regulation is likely to be sub-optimal.

Second, the analysis shows that flexile regulastigtegies, such as MB approaches, may not
necessarily deliver better outcomes than the toawdit prescriptive regulation they intended
to improve upon. In particular, the flexibility afided to regulated firms through self-
regulation may not translate into regulatory efficy gains where the outcome cannot be
verified easily — typically where the information the outcome is imperfect and it is costly
to ascertain it. Thus, a key prerequisite for difecimplementation of this form of regulation

is to ensure that firms possess not only sufficahministrative capacity and resources for
approval for flexible regulation, but also have reggpiate incentives to comply with rules.

As highlighted by the principle-agent model, a parfance standard coupled with a penalty
scheme — for example, a PIA compensation contingpan third party accredited microbial
testing may be necessary to combine it with theectiregime, so that the approval process
and subsequent veterinary supervision can commit th the desired course of action. This
approach to enforcement may allow verifiably complifirms to earn greater recognition,
whilst the focus of public inspections is directediard underperforming firms.
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