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Abstract. Since 2005 the EU food industry has primary legabionsibility for food safety control. This reqsirgew
responsibilities and relationships between goverrtraed industry, and between companies. This resgaresents
a framework for incentive systems for food safehtrobin supply chains. It emphasizes key elemehfsod safety
control from multiple perspectives and providesghts for the design and analysis of incentive esyst for food
safety control. An incentive system combines icoenpany incentive mechanisms with intra-companyseci
making processes to control a hazard within the llegravironment. Incentive mechanisms, which condisa o
performance measure and a performance reward, indoogpanies to use control measures. The framewarlbea
used to analyze the effectiveness and efficienalfevhative incentive systems in which companie® ha cooperate
with partners from other stages of the supply chain.

Keywords: Incentive mechanism, food safety, supply chaimtico.

1. Introduction

Food safety is an important food attribute for aonsrs, governments and companies. Food safetg is th
“assurance that food will not cause harm to thesuorer when it is prepared and/or eaten accordiiitg to
intended usé*?. A food product is safe for human consumptiort tias been produced by applying all
food safety requirements appropriate to its intendee, meets risk-based performance and process
criteria for specified hazards, and does not carttazards at levels that are harmful to human hi&4lt

In 2006 the EU reported 353,000 cases of humanasasy of which 53,568 were caused by 5,710 food
borne outbreaks resulting in 5,525 hospitalizatiand 50 deatfs!. Reported cases are only a fraction of
all food borne ilinesses. Societal costs of foodnballness are expected to be high, although ateur
reports are lacking. The EU estimated the costdoofl-borne Salmonella in 2003 at €2.8 billion
(European Commission Press Release IP/03/13069-2B03). Mangen et & estimated the costs of
campylobacteriosis in the Netherlands in 2000 atréglion.

Demographic and public health developments in thevill likely increase the susceptibility of the
population for food borne hazards and the assat&deietal costs. In the EU-27 the number of people
65 years or older with a higher than average stigity for food borne illnesses, is expected t@wg

from 16% of the population in 2004 to 30% in 208re people will be cured from diseases as cancer
with chemotherapy and radiation treatment resuiitingn affected immune system. And more people will
longer survive chronic viral diseases as HIV, thii¢ct the immune system. These developments show
the need for increased demands to future foodysafettrol.

EU food safety legislation at the end of the 20¢mtary was insufficiently equipped to deal with the
demands to future food safety control. It was fragted, based on prescriptive laws, and used
governmental inspection and testing for compli#ficavith the General Food Law the EU adopted a
new legislation to control food safety. Being basedintegrated risk analysis throughout the foodirth
and primary legal responsibility for the food inttysit requires new responsibilities and relatioips
between the government and industry and betweempaoies. Within this new institutional framework,
EU food companies can design and implement effeetid efficient solutions that deal with the densand
to future food safety control.

As food safety, food quality is an important fodtihute. In contrast to food safety, it has bempartant
for decades. Food quality control can thereforealgpod example for future food safety control. Food



quality control combines managerial problem solvamy technological solutio¥. To control food
quality companies have implemented control systensontrol system for food quality is the set of
interdependent processes that function harmonipusiyg various resources, to achieve the objextive
related to food qualif’’. With a control system companies manage intermatiyction processes.
However, the quality of end products also depenughe quality of raw materials, as determined by
suppliers. To improve raw material quality the fandustry has implemented incentive mechanisms that
induce quality control at supplié/®®®. Based on the example of quality control, we defim incentive
system for food safety control as the combinatibreantrol systems for food safety within companies
and incentive mechanisms for food safety contrdivben companies in the supply chain. An incentive
mechanism for food safety control is the set ofqgremrance measures and performance rewards between
buyer and supplier, which induce the supplier tpriowe food safety.

Incentive systems specifically designed for footetsacontrol are only just arising. The first intiee
system for food safety control was introduced imDark in 1995 and aimed to reduce Salmonella
prevalence in primary pig productidn Further reductions of Salmonella prevalence irk pooducts can
only be realized by allocating combined controbeflamong producers and slaughter pfaftsHow to
design an incentive system that optimally allocatestrol effort among all companies in the foodpyp
chain is unknown.

This paper presents a framework for the designaanadlysis of incentive systems for food safety aalntr

in multi actor supply chains. The framework ideertfkey elements of incentive systems for foodtgafe
control in a supply chain and considers food safeyformance measures and performance rewards.
These elements are critical for designing costetiffe incentive systems that meet future EU-level
targets for food safety.

2. Key elements of incentive systems for food sayaetontrol

Food companies have adopted food safety contraotaply with government regulation, to prevent
market based threats, and to prevent liafifify. An incentive system for food safety control indsc
companies in the various stages of the supply ctaimplement control systems that ensure that food
products meet specific food safety objectives.drighing such a system, we need to consider thaysup
chain organization. Critical dimensions of a supphain are process activities, product flow, finahc
aspects, information, incentives, and govern&hcEour institutional levels explain how companies
function: social embeddedness, institutional emrnment, governance of relations, and incentive
structure$®. Based on the critical dimensions of supply chaing the institutional levels, we distinguish
six key elements of an incentive system for foddtyecontrol (Figure 1):

1) Food safety hazards: The characteristics oh#tzards determine how it can be controlled.

2) Legal environment: This provides the minimumuiegments for the objectives of the incentive
system and the companies involved in the system.

1. Food safety hazards

L’ 2. Legal environment

3. Objectives

v

Incentive system for food safety control

4. Food supply:chain

5. Inter-company interaction 6. Intra-company decisions and
through incentive mechanisms <—> actions

Figure 1. Key elements of incentive systems for food safetytiml



3) Objectives of the incentive system: This prositlee performance objectives concerning the hazards
that are to be managed by the incentive system.

4) Food supply chain: This concerns the stagescantpanies in the chain involved in controlling the
hazards, product and process characteristics, @ndrship patterns.

5) Interaction between companies through incentieghanisms: This concerns the arrangements and
mechanisms that induce a company to control foéetyseand their institutional environment such as
contracts and information sharing.

6) Intra-company decisions and actions: This camell drivers for and aspects of a company’s
decision to control the hazards such as the availmntrol measures, their effectiveness and impact
on process activities, product flow, and finanééstures.

In the next sections we discuss the key elemeritscehtive systems for food safety control.

2.1. Food safety hazards

The Codex Alimentarif¥! distinguishes microbiological, chemical and phgkichazards.
Microbiological hazards include bacteria, virusparasites, protozoa and fungi. Chemical hazards are
caused by chemical substances and include resafusssticides and medicines, and heavy metals and
dioxins. Physical hazards include foreign bodieglass, metal, wood and stone, and radiation. Food
safety hazards can be characterized in how thesr @md evolve in a product. A contaminant is “any
biological or chemical agent, foreign matter, onest substance not intentionally added to food which
may compromise food safety or suitabillly’. Examples are microbiological hazards. In contrast
hazards exist that can only enter a product if ifipecperating procedures are used, as residues and
needles. For microbiological hazards that can piyltas Salmonella and Listeria Monocytogenes, food
safety risks can increase after entering the priodimnversely, some hazards, as chemical and m@iysic
hazards, do not multiply if present in a produat.iAcentive system for food safety control mustsider

the hazard’s characteristics, because these prosgtiéctions on how to control it.

2.2. Legal environment

In 2000 in the White Paper on Food Safety the Eflbaeover 80 legal actions to improve food safety,
that were adopted the following years with as b&sgulation (EC) No 178/2002 (General Food Law).
Food safety control must be based on an integrapgadoach throughout the supply chain and on risk
analysis of consumer health effects. The precaatiomprinciple must be used in risk management
decisions. Industry has the primary legal respdlitsifor producing safe food. Governments keep the
final responsibility that marketed products arees&U food producing and processing companies twave
work according to the principles of hazard analysisritical control points (HACCP) (Regulation (EC
No 852/2004). Regulation (EC) No 882/2004 presearittee EU member states how to perform official
food safety controls. Governments can use testhtsaand inspections to verify if marketed produats
safe. But, governments can also verify if a compmeystem to control food safety ensures this witho
using tests, audits and inspections. With this aéed supervision of control principle, private tah
systems for food safety can be used in public feafitty control. For exporting supply chains it is
essential that companies and governments of therting countries accept this principle.

Product liability laws can be a powerful inducemémtimprove food safety, if contaminations can be
traced to the source and the responsible partysfaignificant liability costd. The difficulty in
identifying the source of contamination and lindts punitive penalties in the EU restrict the patdrif
product liability laws to improve food safety orrifas and processing plants. However, product lighbili
laws can provide strong incentives to improve feafety control in consumer outlEfs

In Regulations (EC) No 2073/2005, 2160/2003, 398&2®377/90 and 1881/2006 the EU establishes
process and product norms, which depend on therdhaPaocess norms ensure that the hygiene of a
process complies with food law. Product norms mteva maximum concentration or prevalence of

hazards in an epidemiological unit. For microbiddad hazards, the European Food Safety Authority
defines Appropriate Level of Protection (ALOP), HoBafety Objective (FSO), Performance Objectives
(PO), and Performance Criterion (PC) [16]. The legevironment must be considered in the desigmof a

incentive system for food safety control, becatisets minimum requirements to the system.



2.3. Objectives

The objectives of an incentive system relate tohmeards and are set by its owner. The likely mseeof
susceptibility for food borne illnesses and deathay influence future food safety objectives. A
government system aims at compliance with the &addty legislation, for example in using FSO and PO
as objectives. A private system aims at complianith private norms. Private norms should include
legal norms and can include additional norms oflitrg partners. Private systems can be used as
marketing device and to exclude competitors. Thgeatlves of an incentive system can focus on
effectiveness, the extent to which an incentiveesysamproves food safety. The objectives, espacdil

a private system, can also focus on efficiencyctiielates the costs and benefits of food safetyrab

to the effectiveness: Companies aim to control feafibty with minimal costs. The effectiveness igiof
defined as the average performance change fromtéagly state before implementation of an incentive
system related to the steady state after implertientd=or example, the incentive system for Salnflane
control in Danish pig production decreased the remah salmonellosis cases caused by pork from 1,100
in 1993 to 166 in 2008. Practical objectives should be realistic, becazm®-tolerance and 100%
compliance do not exist in real life. The objectivef the system as determined by the owner must be
considered in the design of an incentive systenfidod safety control.

2.4. Food supply chain

A supply chain is a network of physical and decisioaking activities connected by material and
informational flows that cross organizational boareé®®. A food supply chain produces and distributes
agricultural and horticultural products. Food sypphains have a large number of spatially dispersed
primary producers that deliver products to few welsalers or processing companies. Most primary
producers are small compared to the wholesalergpamzkssing companies. The distribution of returns
between companies depends on the ownership steuictiuhe supply chain, such as a cooperative or an
investor owned firfi”. Products and production processes in food sumplgins have specific
characteristid$®Y. Biological mechanisms and weather, pests and dibégical hazards result in large
variation in quantity and quality. Seasonality noguction necessitates global sourcing to provigea
round supply. Quality decay, while products pas®ugh the supply chain, limits the shelf life of
products. To restrict decay conditioned procesdiagpsportation and storage is essential. Howexeamn
provides this, turnaround time from harvest to comgtion has to be short for certain products tog@né
spoilage. In the design of an incentive systemfdod safety control, number and size of companies,
ownership structure, and product and process ctaistecs in the food supply chain must be consder
because these influence the choice of incentivieesyparameters.

2.5. Inter-company interaction through incentive mehanisms

Interactions between firms can be characterizedréguency, uncertainty and asset specificity. The
agreements, or contracts, companies use in intenacare analyzed in Contract Thédnjf a contract is
court enforceable, a formal contract, the riskedaging is lower than if it is not court enforcegkdn
informal contract, which is often based on truste Tiransaction costs of contracting, monitoringd an
enforcing formal contracts exceed those of inforroahtracts. Transaction costs increase with the
completeness of a contract, the extent to whighavides security on all possible outcomes. Lirnotad

to the cognitive abilities of people and high t@ation costs make all real contracts incompfi@ter his
creates room for opportunistic behaviour. Inter-pany incentive mechanisms can minimize
opportunistic behaviour.



Table 1.Elements of incentive mechanisms for food qualagtool

Report Characteristics of incentive mechanism Mairfindings
Objective Performance measurement Perfor-
Performance I/O/P?  Absolute  Who Accuracy mance
indicator [ relative  measures reward

Chalfant et Quality Prune quantity, size O Absolute Dried Fruit Sample;  Variable  To maximize profit processors use errors

alt Association testing piece rate in grading process that reduce farmer

error incentives to produce high quality
products.

Curtis and Quality Potato quantity, o,P Absolute  Washington Sample Variable Incentive contracts are effective at

McClusky** tuber weight, tare, State piece rate increasing potato load quality over a spot
various damages Department of market.

Agriculture

Hueth, Ligon, Quality, Fruit and vegetable 1,0,P - - - Variable Input control, field visits, quality

Wolf and efficient quality, not further piece rate measurement and residual price risk are

Wul?®! use inputs specified instruments to reduce information

asymmetry and align incentives between
growers and first handlers.

Hueth et a®  Quality Tomato quantity, O Absolute  Processing Sample Variable  Growers facing high-powered incentives
colour, ‘limited Tomato piece rate produce higher quality at higher cost.
use’, soluble solids, Advisory Quality measurement improves
various damages Board efficiency. Information constraints

decrease efficiency.

Hueth and Quality Sugar beet 0] Absolute, - - Variable  Regional variation in growers’ ability to

Melkonyaﬁzs] quantity, purity relative piece rate control measures of sugar beet quality

causes variations in the set of
performance indicators.

Knoeber and  Quality, Broiler meat 1,O Relative - - Fixed, In mixed tournaments: price changes that

Thurmarf® efficient guantity, feed variable do not change price differences, do not

use inputs conversion piece rate affect performance; more able players

will choose less risky strategies; handicap
players of unequal ability and reduce
mixing can prevent disincentive effects.




Levy and Quality, Broiler meat 1,O Relative - Fixed, Tournaments mixing players of unequal
Vuking?®* efficient guantity, settlement variable abilities create a group composition
use inputs costs piece rate effect. With fixed groups and a
sufficiently long time horizon, piece rates
improve welfare over tournaments.
Martin'4?! Quality,  Pig meat quantity, 1,0 Absolute, - Fixed, Contracts with absolute performance
efficient weight gain relative variable measures reduce risks of income
use inputs piece rate variability compared to a spot market.
Relative performance measures can
further reduce income variability.
Martinez and  Quality, Pig meat quantity, 1,0,P Absolute - Fixed, ‘Smart’ contracts induce industry efforts
Zering® efficient leanness, PSE, variable to improve quality, reduce measuring
use inputs safety piece rate costs, control quality attributes that are
difficult to measure, facilitate adaptations
to changing quality standards, and reduce
transaction costs of relationship-specific
investments.
McDonald and Quality Beef quantity, yield O Absolute All items  Fixed, Grid base price, feeder price, and
Schroedét” grade, quality tested variable cumulative quality in a pen are main
grade piece rate determinants of profit for cattle farmers.
21/0/P = Performance indicator based on Input pcod@utput product / Process
Table 2.Elements of incentive mechanisms for food safetytrobd
Report Characteristics of incentive mechanism Main findings
Objective Performance measuremerit Performance
Performance  Who Accuracy reward
indicator measures
Alban et al?! Minimize Serological Principal Sample Current and Penalty, Danish program foBalmonellacontrol in pigs was
Salmonella Salmonella size, test mandated revised on: sampling procedure; exclusion of small
prevalence prevalence accuracy, actions herds; cut-off value of the test; use of results of
in pork cut-off previous months in performance; and monthly
value assignment of a herd to one of three levels.




Backus et aF!  Minimize Serological Principal Sample, Current and Participation  Dynamic principal-agent model of controlling
costs and and testing past premium, Salmonellain the pork supply chain combines
Salmonella bacteriological probability  deliveries penalty dynamic producer incentive systems on farm level
prevalence Salmonella with slaughter plant investments in control
in supply prevalence measures. Allocation of control effort among both
chain farmers and slaughter plant results in lowest costs
Hirschauer et  Minimize Fungicide Principal Random Current Bonus, Moral hazard model accounting for incomplete
al® fungicide residue level, control delivery penalty inspection and tracing, and for costs of monitoring
levels type-ll-error intensity tracing and sanctioning analyzes behavioural food
risks. High penalties can be necessary to provide
sufficient incentives to farmers to keep the
minimum waiting period after fungicide use.
King et al.®* Minimize Serological Principal Sample, Current and Participation  Dynamic principal-agent model analyzes two
costsand  Salmonella testing past premium, incentive systems fd8almonellacontrol that use
Salmonella prevalence probability  deliveries penalty producer performance history, testing frequencies,
prevalence and charge testing costs and penalties to the
producer. Relating the testing probability to a
favorable production history reduces testing costs.
Pouliot and Minimize Safe product  Third-party, - Current Piece rate, In a farm-marketer-consumer-chain, traceability
Sumnef! food safety not specified, government delivery liability costs  creates incentives for farms and marketers to
failures type-ll-error supply safer food through liability. Imperfect
consumer-marketer traceability dampens liability
and farm incentives. Food safety declines with the
number of farms and marketers.
Starbird®® Minimize Safe batch not Principal Sample Current Piece rate, A principal-agent model shows that regulation of
unsafe lots specified size, delivery penalty, sampling inspection procedures is an effective tool
acceptance internal failure for policy makers to improve food safety.
number costs
Starbird® Select safe Contaminated Third-party, Sample Current Revenue loss, Test accuracy and sampling error can be used to
suppliers lot not government size, testing delivery destruction segregate safe and unsafe suppliers.
specified accuracy

2 All use absolute product related performance wmiics based on output.



2.5.1. Information asymmetry

Information asymmetry about food safety exists leetmv companies in a supply chain and the other
stakeholders, because 1) real contracts are inetéip) so not all food safety related aspects are
formalized in contracts; 2) it is often difficultr dmpossible to observe for other stakeholders as
consumers, other companies or governments if a anynpses control measufés and 3) conflicting
interests obstruct companies to share informatimutfood safety contrdt.

Transactions in the presence of information asymyaee addressed in Agency Theory or the Theory of
Incentive§®. A principal delegates a service to an agent. Bhifts part of the risk of reaching the
desired outcome to the agent. The principal congtesshe agent for the risk based on the perforenanc
of the service. Two agency problems can arise. firbeis the adverse selection or hidden informatio
problem. Prior to contracting the principal does mave full information about which agents use oaint
measures. The principal only offers low compensatiioavoid paying a high compensation to agents tha
do not use control measures. The low compensasiosufficient for agents that do not use control
measures, but not for agents that do, becausehthey higher costs. So, agents that use controluresas
will not be contracted and the safer food is drieem of the market. The second is the moral harard
hidden action problem. After delegation of the g=¥ya principal can not observe the effort of agé¢o
fulfill the service. This might tempt the agentsperform less effort, resulting in a lower perfora
than the principal desires. In food safety contigkncy problems can arise on three levels. Finst, t
consumer is the principal and food companies aemtagwho have to use control measures to control
food safety. Second, the government is the prih@pd companies are agents. Third, a buying company
is the principal and its suppliers are agents.

By sharing information companies can create vaiue $upply chafl’. Companies refrain from sharing
information out of fear for trading partners misugiit*®. They fear that information sharing will
diminish their bargaining power and precluding theharing in the economic benéefits Bigger
companies are more willing to share informatiorgaase they receive a larger share of the totabg&in

The presence of information asymmetry between dzgéions in and around the food supply chain must
be considered in designing an incentive systenidod safety control, to prevent adverse selectioth a
moral hazard problems.

2.5.2. Incentive mechanisms

We defined incentive mechanisms as the set of paeéeoce measures and performance rewards between
a buyer and supplier, which induce the supplieimprove food safety. The reward induces the supplie
to control food safety and is based on the supgliperformance. To determine the key elements of
incentive mechanisms for food safety control watf@nalyze incentive mechanisms for food quality
control. A non-exhaustive literature review revelatenumber of incentive mechanisms for food quality
control in animal and plant production (Table 1heTobjectives of the incentive mechanisms are high
product quality and efficient use of inputs. Thefpenance indicators are product related, baseiehmurt

or output, and process related. Process relatddatiods focus on a holistic view of agent efforhigh
prevents the sole allocation towards tasks thatrewarded, the dysfunctional behavioural respfnse
Audits and inspections are used to assess proelded performance. These rely on personal judgment
of the auditor or inspector unaided by informatfeed back, which can result in a possible inaceurat
measurement of performance. Indeed, Hueth &% ashow evidence of grader bias in lowa cattle market
Harmonization and information feed back can be usedninimize the probability of an inaccurate
measurement.

Incentive mechanisms may use absolute and rela@réormance indicators. Absolute performance
indicators assess an agent’s performance indeperafethe performance of other agents. Relative
performance indicators or tournaments assess ar'sgerformance relative to the performance o&oth
agents in a reference group. Relative performamdieators filter out common risks on performancd an
structural errors in the performance indicator, aeduce income variability of the agéht”. The
organization that measures performance can be riheigal or a third party. The assessment can be
biased in favor of the assessor. Several reportsider samples and errors in performance measutemen
Samples are used to measure performance, becatisg @l food products and auditing and inspection
of all processes every day can be costly and tiomsuming. The characteristics of a sample canrdiffe



from those of the batch, the sampling error. Th@g error can be partially controlled by random
sampling. The characteristics of the processengwan audit or inspection can differ from the pases

on other days, for example due to prior announce¢mwiethe visit. Random audits and inspections witho
prior announcement can partly overcome this problehe quality performance is rewarded financially
with a fixed or variable piece rate. Each qualityrilaute has its own performance measure and
performance reward.

The literature review revealed that actual incentivechanisms in food safety control are scarcel€Tab
2). Only Alban et af! describe an actual incentive mechanism, the ottiezsretical mechanisms.
Despite this, we can use these reports to derigeifép characteristics of incentive mechanismsfémrd
safety control not found in food quality controlhd performance indicators include the prevalence of
certain hazards, the level of residues, and thealitity that unsafe products remain undetectetiiwian
epidemiological unit, the type-ll-error. The tygeekror can only be measured if traceability exists
Alban et al¥, Backus et af! and King et aP** include performance of multiple deliveries in a
mechanism to average out the variance in performaner deliveries. Backus etfIshow the value of
including multiple stages of a supply chain to cohSalmonella. Most reports consider the accuracy
the test through the rate of false positives anskefaegatives. The long time required before tis¢ te
results are availabfd, can collide with the turnaround time from harvestconsumption for certain
products. The performance rewards include penaftesigh risk products, additional internal costs,
liability costs and scrapping costs.

To our knowledge no empirical literature about #féectiveness of non-financial rewards in food
production is available and literature about navafiicial preferences is scarce. For dairy farmers no
financial rewards as internal esteem and havindtheanimals were equally motivating as monetary
reward§®. Information sharing in relationships leads todiable behavioural intentions and delivers
value to the chal!. Publicizing information about an agent’s perfonmato a peer group results in peer
pressure effects and improved performéficeDisplaying hygiene grade cards in restaurant oivel
caused inspection scores of the restaurants tedaser consumers to be sensitive to a restauramisrie
quality, and the number of food borne hospitalmagi to droff*. Non-material extrinsic awards as
orders, medals, decorations and prizes are widsay in monarchies, republics, non-profit organasi
and companiéd!. Awards in Dutch agriculture include the “Hillemh 100" for companies in
horticulture and the “Dutch Flower Awards” for siigps in the flower sector. So, non-financial redar
as information provision, peer pressure, and noarftial awards used in incentive mechanisms might
induce company effort.

From Table 1 and Table 2 we derive the key elemehiserformance measurement and performance
reward in incentive mechanisms for food safety mdniFigure 2). Performance measurement includes
the performance indicator used to assess foodysaéeformance, measurement accuracy, who measures
performance, costs and time. Performance rewari;iwthduce companies to use control measures, can
be financial and non-financial.

2.6. Intra-company decision making and actions

The decision of an agent to use actions to corfootl safety is a key factor for his food safety

performance. In food supply chains agents are caipaA company’s strategy is an important driver

for its decisions. Main drivers for a company toopdfood safety control are expected sales and
reputation [30]. Attuning an incentive mechanismateompany’s strategy helps it to optimally induce

food safety control.

Decisions in companies are made by people, implyha the drivers of their decisions also drive
company decisions. Rational individuals maximizpemted utility knowing all options, probabilitieach
effects. However, bounded rationality makes humelmabiour deviate from rational behaviBtr The
heuristics people use in assessing probabilitied predicting values under uncertainty result in
systematic errof€!. Furthermore, individuals are not only triggergdabsolute gains and losses, but also
by the relative height of these gains and lossespened to a reference valife People value losses
twice as heavy as galffd Financial incentives might induce an agent torelese effort if his income is
above a certain reference incdffle People relate their gains and losses to thosthefrs. They prefer
fair outcomes that are based on equétityif people judge an outcome to be unfair, theywiténg to
reciprocate even if this is disadvantageous fomtie Non-linear discounting makes people overvalue

10



direct consumption and short term gains comparddttme consumption and long term g&h&. An all
inclusive theory is not yet available.

Companies often have conflicting inter&stsThe interaction of companies with conflictingerests is
addressed in non-cooperative Game TH&BrA company decides on his actions, given the eteglec
actions of the other company that again dependi®own actions. When neither company can improve
its performance by one-sidedly deviating from aisiea, both companies will stick to their decisiamd

a Nash equilibrium exists. In designing an incemtimechanism, a company’s rational drivers for
decisions and its structural deviations shoulddresiered.

Incentive mechanism for food safety control
Performance measurement Performance reward
* Food safety performance indicator » Financial:
- Process variable: temperature, humidity, CCP - Fixed
- Product variable: prevalence, quantity, type - Fixed piece rate
ll-error, public health - Variable piece rate
- Input/ output, absolute / relative, simple / - Bonus/ penalty, recall
holistic * Non-financial
- Current / past deliveries - Information provision
* Accuracy - Peer pressure
- Sampling strategy: size, acceptance humber - Awards, meda
- audit/inspection: number of visits, days per
visit
- Testing technology: sensitivity, specificity,
cut-off value
- Harmonization auditors/inspectors
* Who measures performance
- Principal, third party, agent
e Costs and tirr

Figure 2. Key elements of an incentive mechanism for fooétyadontrol

2.6.1. Control measures

To control food safety companies use control messuk control measure is “any action and activitytt

can be used to prevent or eliminate a food safepatu or reduce it to an acceptable I1EV&I"A control
measure can reduce the risks of multiple hazards @ymbination of multiple control measures can be
necessary to reduce the risk of a hazard. Prewentwasures ensure a hazard does not enter a product
Curative measures eliminate or reduce the hazaedgroduct. Curative measures located at the end of
the production process, are called end-of-pipe oreas The hazard characteristics determine which
combination of preventive and curative measurescéffely controls it. Hazards for which no curative
measures exist must be controlled by preventivesarea, or products contaminated with such hazards
can be processed separately for markets for whiebet hazards pose no risk. Hazards that can otdy en

a product with specific operating procedures, captecluded by not using the operating procedwe. F
contaminations, a combination of preventive andhtive control measures can be necessary. The stages
of the food supply chain for which control measum¥sa hazard exist should be included in the itigen
system. The characteristics of the control measiarea hazard and the effectiveness for each cognpan
should be considered in the design of an incersystem.

2.6.2. Product flow

Sampling, testing and control measures as decongimn procedures can increase the turnaround time
of products within a company and negatively impawlf life. If two companies have different levéds

a hazard in a product to accept it, for example tdugrivate standards or different local legislatithis

can endanger the supply assurance of the compahyth tightest level. When suppliers can regularly
shift deliveries from one buyer to another, theitoioal effort for compliance with the tighter ldvean
result in them to cease delivering to that compdime impact of sampling, testing, control measaires
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norms on product flow and supply assurance musbbsidered in the design of an incentive system for
food safety control.

2.6.3. Financial features

Products with increased food safety risk can resuladditional internal and external failure costs.
Internal failure costs are additional processindg production costs within the company. Externdufai
costs are financial consequences for society dueotsumer illness and death and for the following
stages of the supply chain. The financial consecggrior society can be calculated with the human
capital or the friction cost methB¥ using Quality Of Life, Quality Adjusted Life-Year Disability
Adjusted Life-Yeal*Y. The financial consequences for the supply chainaalditional processing and
production costs. A company faces the externalufailcosts through product rec8fls damaged
relationships with suppliers with subsequent traaelications, and liability for damages including
human health problefis External failure costs are only attributable teanpany, when traceability
shows that it is involvé®f!. Companies can insure themselves against thenexfeilure costs.

Control measures increase costs through laborsiment in equipment, or redesign of the production
process. The preparation, execution, and finatimadf audits and inspections require labor of thaitar

or inspector and company personnel. Testing angléagnrequire investment in testing and sampling
technologies and labor of company and laboratorggrmel. But, control measures also decrease aitern
and external failure costs. So, control measurasbeaseen as an insurance against these costsheith
control measure costs as the insurance premiuntr@aeneasures can also result in positive extetigali
as lower production and processing costs, incresaed, higher sales prices, and market access.

It depends on the owner of and the individual astdhe incentive system how to weigh each of &t
and gains in their decision to control food safétycompany, in general, will focus more on the sast
faces and less on external failure costs that ateattributable to it. In contrast, a governmentned
system will generally focus more on societal castd less on company costs.

The costs and positive externalities of control sueeas, audits, inspections, testing, sampling mhoess,
and internal and external food safety failures, hod each actor weighs these should be considered i
the design of a control system for food safety.

3. Framework for the design and analysis of incente systems for food
safety control in supply chains

In the previous sections we have elaborated uperkdly elements of incentive systems for food safety
control. Figure 3 provides the extended framewarkthe design and analysis of incentive systems for
food safety control in supply chains. The charasties of the hazard determine where and how ithzan
controlled. Food safety and liability legislatiomopides minimum requirements for the system on
controlling the hazard. The owner of the incentsyestem determines the objectives of the system
concerning the hazard. The system considers thébauwf companies and ownership structure in all
supply chain stages in which the hazard can berated. Between each two stages an incentive
mechanism, embedded in the contract between thepamies, induces the supplying company to
implement the necessary control measures. Eachtiiee mechanism considers the presence of
information asymmetry. In its decision to controlofl safety, each company considers the available
control measures, their effectiveness and finaramakequences, the impact on the internal prodmet f
and supply assurance, internal and external fadasts, and the incentive mechanism it faces. ktene

to which external failure costs are attributabléhl®e company depends on the presence of traceaduilit
the following supply chain stages and within thenpany itself. The incentive system for food safety
control can be optimized by considering the costlbfompanies and the timeliness of all processes.
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Food safety hazard

* Hazard characteristics:
- Biological, chemical, physical
- Contaminant, related to operating procedures
- Multiplication

|—> Legal environment
¢ Hazard specific

* General food safety
* Liability

Objective
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- Public, private
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- Effectiveness: human health,
prevalence, type-ll-error
- Efficiency

v v

Incentive system for food safety control

Food supply chain
stages, companies, ownership structure, producpeotess characteristics

Inter-company interaction through Intra-company decisions and actions
incentive mechanisms e Control measures:
* Incentive mechanism: - Curative, preventive
- Performance measurement - Effectiveness
o Performance indicator *  Process impact
0 Measurement accuracy «  Supply assurance
0 Who measures performance

o Costs and time 44— °* Financial features
- Performance reward - lControll ;ntiasures
o Financial, non-financial - Internal failure costs

«  Information asymmetry: - External failure costs
) o traceabilit
- Moral hazard y
- Adverse selection

e (Contracs

Costs, timeliness

Figure 3. Framework for design and analysis of incentiveesyst for food safety control in supply chains

4. Conclusion and outlook

This paper presents a framework for incentive systéor food safety control in supply chains. The
framework supports the analysis of food safety imdrissues, emphasizes key elements of food safety
control from multiple perspectives, and providesights for the design and analysis of incentivaesys

for food safety control. An incentive system aimscbntrol a hazard in a supply chain by combining
inter-company incentive mechanisms with intra-conypalecisions within the legal environment.
Incentive mechanisms, which consist of a perforrmaneasure and a performance reward, induce
companies to use the necessary control measuresfraimework can be used for setting achievable
targets for food safety hazards and for optimizatibfood safety control in supply chains.

It is important to recognize that the knowledgéhoiv to apply incentive systems for food safety oaint
in practice is still limited. Insight into the vation in effectiveness or efficiency of incentivechanisms
between companies is needed to improve the dedigew incentive mechanisms. The elements of an
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incentive system for food safety control as contnelasures, supply chain structure, performancertewa
and performance measurement should be geared ¢b efective and efficient food safety control.
Although the impact of some elements on companysitets has received attentiGi?>>53%" more
insight is needed into the impact of these androtfements to design effective and efficient incant
systems for food safety control. Also, knowledgeldasking on the use of non-financial factors as
information, internal esteem and producing aninzasording to societal accepted health and welfare
standards in inducing agents to use control measukénally, knowledge about performance
measurement and provision by an agent himseltldng.

The framework presented in this paper was develspedifically for the case of food safety contimif

it can be adapted for other settings with coor@idatctions of multiple companies. For exampleait be
used to determine the key elements of certificatiggstems like those used for green label produéess.
such, the framework can be a valuable tool forymiad the effectiveness and efficiency of alterveti
incentive systems in settings where companies taeeoperate with trading partners from other sdage
of the food supply chain.
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