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Abstract

This thesis contributes toward the design of a hprieing scheme that could be
employed to compensate Canadian poultry producexording to their
performance in specific quality traits. Based ooldiyical data obtained from a set
of growth experiments with chicken and data on larc wholesale prices, a
formula-based absolute performance pricing schendeveloped. Producer prices
are simulated under the current and novel priccliesie in the context of the
Alberta chicken industry. Impacts of the key eletseof the price formula are
examined by both deterministic and stochastic ndgthdhe results suggest that
the novel pricing scheme is likely to increase ftrece risk for producers.
Producer performance is found to be the most sggmif factor that affects prices,
followed by requirements of processors regardirgityutraits (cut-up part yield),

and price mark-ups of cut-up parts.
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Chapter 1 Introduction

1.1 Background

The economic organization of North American chickemduction is
characterized by striking differences between thetdd States and Canadian
broiler sectors. U.S. chicken production is cooatia almost entirely through
systems of production contracts whereby producergaid on the basis of their
relative performance compared to other farmers (Maald and Korb, 2006). In
contrast, Canadian chicken production is charasdrby a supply management
system, whereby grower compensation is based @yatiation process between
growers and processors (until 2003) or a formukebapricing scheme (since
2003 to present). The system of relative perforraaard a quality-based pricing,
so popular in the United States, is practicallyembsn Canada (Agriculture and
Agri-Food Canada, 2006). These organizational kiffees raise important
guestions with regard to pricing and productionceghcies in Canada’s poultry
production sector, a major component of the cotmtigverall meat sector

(Willwerth, 2009).

In the past two decades, per capita chicken consommp Canada has
increased by 45.9% from 21.47kg in 1989 to 31.3#kg@009 (Agriculture and
Agri-Food Canada, 2011). As a result of the inadasonsumer demand, the
production of chicken has grown by 83.68%, from,068 metric tons in 1989 to
1,036,054 metric tons in 2009 (Statistics Canad#, 12 Also, during 2009,

Canada exported 147 million kilogram of chicken maad edible bi-products



totalling more than $288.5 million dollars to 73uatries. During the same time
period the amount of imports of poultry productwiCanada were about 107.2

million kilograms (Agriculture and Agri-Food Canad®11).

Although Canada has significantly increased praducind has a positive
balance of trade in chicken products, there iseawié that the Canadian poultry
industry has been outperformed by the United Statéerms of profitability and
efficiency, and there is still opportunity to impe the competitiveness of
Canada’s poultry sector (Liu, 2005). In this comtea central issue is to
understand to what extent the current economicnizgion of the Canadian
poultry sector could be improved through greateugoon the efficient provision

of specific quality traits as they are demandedheyfinal consumer.

1.2 Problem Statement

The Canadian poultry industry is organized by apbupnanagement
system where relative performance compensation cuadity-based pricing —
including absolute performance compensation - ¢kitey at the producer level.
Therefore, to begin to understand how the sectolddoe made more competitive,
it is important to start exploring novel means ampensating Canadian
producers for their individual quality contributjnHowever, the scope of the
following analysis is limited, since the centralsasption is that supply
management is here to stay. Therefore, the keytiqnes whether the current

way of compensating producers can be improved toefiie processors and



producers, while increasing flexibility in accourgifor consumer preferences for
specific poultry quality traits.

In the global poultry industry, increased consurdemand for higher
guality products has induced many management ahdéogical improvements
(Martinez, 2002). However, based on informationt tisapublicly available, it
appears that the current organizational struct@irth@ Canadian poultry sector
does not provide producers with the most effeciveentives to reward the
supply of differential quality. In other words tleeis an incomplete market for
quality traits in the poultry sector in Canada.

Currently, Canadian poultry producers receive a ete per unit
(kilograms), which is known as minimum live pricelmase price, from processors.
This minimum live price is periodically determindxy a price formula, and
negotiations between the processors and the pialin@arketing board, which
represent all the producers in that province (Adtice and Agri-food Canada,
2007). Extra costs associated with the adoption of nevartelogies or higher
qguality feeds are therefore not supported and ikedylto result in a loss to the
producer. In fact the current payment system apgpéardirectly discourage
producers from implementing new technologies ineortb improve specific
guality traits. There is scope for reforming therent system so that Canadian
poultry producers can be compensated in accordanaa individual producer’s

ability to meet specific quality traits.



1.3 Study Objectives

The Canadian poultry industry is at a crossroackelasing demand in the
domestic market, competition in the global marketl aapid development in
poultry production and management technologies agciig a serious re-
examination of efficiency and performance withire teector. Reforming the
current pricing scheme, where incentives for qualite lacking, could be a way
of improving performance without incurring substahtosts. The overall goal of
this study is to contribute toward the design ohavel pricing scheme that
compensates producers for quality, specificallythe context of the Alberta

chicken industry.

The specific objectives include,

(1) To identify the relevant quality traits thatutd be integrated into the
pricing scheme. In this context, we also seek ti lobaracterize the significance
of the traits in the consumer market and their ghownajectories;

(2) To design a pricing system that compensateduysers based on the
quality traits identified under objective 1,

(3) To quantify the exact price premiums/discouotseach quality trait
under the constraint of maintaining supply managgme

(4) To estimate key impacts of the novel pricingnesoe on industry

stakeholders (producers, processors).



1.4 Chapter outline

The remainder of the thesis is organized as folildsapter two gives a
brief overview of the global poultry industry anddatailed introduction to the
Canadian poultry sector in terms of its industmaganization and operative
structure. The differences between pricing scheme€anada and the U.S.
poultry sector are also discussed. Chapter thregepts a review of the literature
about supply management, as well as the pricingreel in North American
agricultural sectors (which we use as a benchmark)Chapter four, the
experimental design and economic model are disdussiéwed by the empirical
results in Chapter five. Finally, Chapter six camgds and discusses possible

implications for industry stakeholders.



Chapter 2 Industry Background

2.1 Overview of the global chicken industry

Chicken production has been growing steadily woidigwsince the early
1990s. In 2009, world chicken meat production redc80,211,982 metric tons,
increasing by 193% from 27,294,445 metric tons esihi®85 (FAO, 2011). The
growth of the global chicken production is resulbexn the surging production in
emerging markets such as Brazil and Thailand, teatgr demand in Western
countries for high-protein, low-carbohydrate praducand other factors

(Agriculture and Agri-Food Canada, 2007).

Looking at the ranking in terms of domestic chickaeat production
(including the meat equivalent of exports and eticig the meat equivalent of
imports) in 2009 (Table 2-1), the United Statesin@hBrazil and the European
Union are the four largest chicken-producing regionthe world. Together, they
account for about 59.37% of world chicken produttio 2009. As Figure 2-1
shows, along with the growth of the global chick@oduction, these countries

increased their production significantly during fregiod from 1985 to 2009.

Compared with the leading chicken-producing coestrithe growth of
chicken production in Canada was much slower instiae period (Figure 2-1).
In fact, Canada dropped frorfl' @argest chicken production country in 1999 to the
15" in 2009, with production of 1,009,000 metric tocisicken meats which

represents 1.26% of the world’s production in 20D&ble 2-1).



Figure 2-1 Evolution of chicken meat gross productin value from 1985 to
2009 (1000 Int$)
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Table 2-1 Leading Chicken Producers -- chicken meadroduction, 1999 and
2009

1999 2009
Rank Area Production Rank Area Production
MT)* (MT)
1 United States 13,622,000 1 United States 16,338,100
of America of America
2 China 8,157,072 2 China 11,400,086
3 Brazil 5,536,570 3 Brazil 9,967,000
4 Mexico 1,726,590 4 Mexico 2,622,070
5 France (EU) 1,314,000 5 Russian 2,303,090
Federation
6 United 1,238,630 6 Iran (Islamic 1,674,220
Kingdom(EU) Republic of)
7 Japan 1,210,160 7 Indonesia 1,527,960
8 Thailand 1,080,870 8 Argentina 1,500,150
9 Spain (EU) 1,003,330 9 United 1,487,900
Kingdom
(EV)
10  Argentina 927,800 10 Japan 1,393,110
11 Canada 860,700 11 Turkey 1,291,660
12 ltaly (EU) 78,9800 12 Spain (EV) 1,120,230
13  Malaysia 740,323 13 France (EU) 1,113,800
14  Iran (Islamic 725,226 14 Poland (EU) 1,073,900
Republic of)
15  South Africa 706,337 15 Malaysia 1,034,890
16 Russian 690,941 16 Colombia 1,031,200
Federation
17 Netherlands 638,000 17 Thailand 1,017,380
(EV)
18 Venezuela 615,100 18 Canada 1,009,000
(Bolivarian
Republic of)
19 Indonesia 602,618 19 South Africa 966,365
20  Turkey 590,687 20 Peru 966,350
World total 55,074,411 World total 114,254,508
Metric ton

Data source: FAOSTAT, retrieved Sept. 28, 201dmfhttp://faostat.fao.org/site/339/default.aspx



2.2 Overview of the Canadian chicken industry

2.2.1 Overall significance

In 2009, the value of all chicken products total§i2 billion in Canada.
Farm cash receipts of the sector totalled $2,023liomi representing
approximately 4.6% of total farm cash receipts an&da (Agriculture and Agri-
Food Canada, 2011). At the processing level, tha@tpoprocessing industry
generated approximately 26.08% ($5.5 billion outtleé $21.4 billion) of the
revenue of the meat product manufacturing industy employed 21278 people

in 2007 (Agriculture and Agri-food Canada, 2007).

On the demand side, chicken accounts for a sigmifigoroportion of
Canadian’s meat consumption. According to the Ginckarmers of Canada,
Canadian’s per capita chicken consumption accouioted4.6% of the per capita
meat consumption in 2010, which is 3.3% higher thancapita consumption of

beef and 10.1% higher than per capita consumpfiqox.

The organization of the production sector in Canedanique in that,
unlike many other places in the world, over 90%Caihada’s chicken farms are
family-owned (Chicken Farmers of Canada, 2011)2008, there were 2,794
regulated chicken producers and 548 registeredeyugkroducers in Canada.
Production is also highly regionally concentratéde majority of poultry (60%)
was produced in Ontario and Québec. The third &rgeoducing province was

British Columbia. Together, these three leadingviprees account for more



than75% of Canada’s total chicken production. Afbeis the fourth largest
poultry producing province in Canada. In 2010, ¢heere 277 registered chicken
producers in the province, who produced approxitpa20 million kg, or 9.2%

of the country’s domestic production annually (AtlbeChicken Producers).

At the processing level, Canada has 175 primarjtgyoprocessing plants
(45 federally registered and 131 provincially régjied). The five largest firms in
the chicken sector are: la Coopérative fedéréeub€r (three plants in Québec),
Lilydale Poultry Co-operative (one plant in BritiSlolumbia, three in Alberta and
one in Saskatchewan), Maple Leaf Poultry (two @antOntario, one in Alberta
and one in Nova Scotia), Exceldor (two plants inéQec) and Maple Lodge
Farms (one plant in Ontario) (Agriculture and ABded Canada, 2006). In
Alberta, there are three federally inspected preiogscompanies including the
Maple Leaf Foods Inc. (1 plant in Edmonton), théydale Inc. (1 plant in
Calgary and 2 plants in Edmonton) and the Sunrm@tfy Processors Ltd. (1
plant in Lethbridge). In addition, there are numeraolonies with provincial
meat inspection and one further processing facildgated throughout the
province (Government of Alberta, 2007; Canadian|Ppwand Egg Processors

Council, 2011).

2.2.2 Supply management

As mentioned in chapter one, the Canadian poulttdystry is operated
under supply management. Supply management is “&ketiag system that
regulates domestic production and imports with dbgective to ensure that the

supply of a product matches the demand for it dmat the prices paid to

10



agricultural producers are steady over time andiigeothe producers with fair
returns” (Agriculture and Agri-Food Canada, 201The goal of supply
management is to guarantee processors and consanfemisistent supply of
top-quality products at reasonable prices” (Agtard and Agri-Food Canada,
2011). The Canada federal and provincial governments imeiged a supply
management system in the early 1970s based oncibeiemarketing and
production planning. The five commodities operateler the supply managed

system in Canada are: Dairy, Turkey, Table Egdscken and Broiler Hatching

Eggs.

Supply management has been implemented in tlekeahiindustry since
1979. Chicken Farmers of Cang@z-C) is the national agency that oversees the
orderly marketing of chicken in Canada. In additionthe federal marketing
board, there is a provincial marketing board inhepcovince. The provincial
marketing board in Alberta is the Alberta ChickendRicers (ACP) established in
1966 under the Alberta Natural Products Marketiogi@@il and operated under a

Federal Provincial Agreement.

According to theAlberta Chicken Producers, there are three priasifiat govern
supply management in the chicken industry the supm@termination, price
determination and import controls. Since the faoluthis study is on the domestic
market, we will mainly discuss the first two priplgs in the remainder of this

section.
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Quota determination in the Canadian chicken industy

Supply management aims to balance supply with ddmanbottom-up
market approach of setting production level is eypt to match supply with
demand since 1995. Production level is set evemeéks at the National Agency
level and production quotas are allocated to tlo@ipces based on historic shares.
Certified chicken producers in each province neextlyction quotas in order to

grow chicken for each 8-week cycle.

Under the bottom-up marketing approach, chickencgssors survey
market opportunities about 12 weeks before theahgbuoduction begins and
negotiate with provincial marketing boards to detiee their provincial
requirements (Gervais et al., 2007). This staggumfta determination could be
expressed as equation (2.1), wh@res the production level of thig, province in

periodt, ED' is the expected demand for pertaaf thei,, province.

QL = FUEDY) e, (2.1)

Production quotas at the national levél,) then become the adjusted
aggregate of the individual provincial requireme(dsjusted by coefficient,
equation 2.2). Then each province obtains a shanheo national production
guotas, and the provincial marketing boards in tlfocate production quota to

certified producers and ensure that they produdenaarket within this allocation.

12



In order to respond to changes of market demanaHamken meat, the
guota utilization percentage changes from cycleyide. In Alberta, quota units
can be reallocated between existing producers andetv producers in the
province, without penalty. Quota can be traded frome certified producer to
another either by purchasing or leasing. The Atbéicken Producer regulates
guota transactions, sets allocation and price,maoditors chicken production on
each farm, ensuring each farmer adheres to thesljned of the On-Farm Food

Safety Assurance Program, and the Animal Care Bnogr

Price determination in the Canadian chicken industy

Regarding price determination, supphanagement aims to ensure that the
prices paid to farmers are steady over time, aadhle to cover production costs
and leave producers with a predictable income &mcFarmers of Ontario,
2007). In Canada, the price of live chicken is dateed at the provincial level.
From 1992 to 2003, live chicken prices were sebubh negotiations between
marketing boards and processors in each provingee SMay 2003, the live
chicken price was changed to a formula-based grisaheme. The formula, also
known as the live price formula, contains three ponents including feed cost
components (accounts for about 44% of the liveg)richick cost components
(accounts for about 23.5% of the live price) anddpicer margin component
(accounts for about 32.5% of the live price). Irclegroduction cycle, the
marketing board and primary processors negotiatesah the live chicken price
based on the formula. This price recommended byrthkketing board is known

as the base pricé or “minimum live pricé The minimum live price is adjusted

13



every quota period for changes in feed and chicitscand once every six-quota
periods (about a year) for changes in the produtagin (see Appendix 1 for

detailed price determination descriptions).

The minimum live price established in Ontario (bg Chicken Farmers of
Ontario CFO) is generally used as a basis for gihevinces because Ontario is
the biggest chicken-producing province (Gervaislet 2007). In Alberta, the
Alberta Chicken Producers Board is authorized tphouhe Marketing of
Agricultural Products Act and Regulations to set thinimum live price paid to
producers during every production cycleurrently, the minimum live price in
Alberta is set based on a Live Price Memorandutdraferstanding. For example,
price for the period A-96 to A-102 (January 201@&muary 2011) is based on the
MOU which reflected a 3.25 cent differential ovee tOntario live price, subject

to substantial changes in chick costs or majorctral changes to the industry.

In addition to the formula-based price, the prideliee chicken also
depends on the average live weight of all chickentained in each truckload
shipped by the producer to the processor. A discisuapplied if the average live
weight does not fall within the range requestedpbycessors. For example, in
Alberta, in Period A-96 from January 31, 2010 tortha27, 2010, the price paid
by processor Lilydale to producers was $1.4535kgefor broiler chicken with
live weight range from 1.9kg up to 2.35kg, and 885 per kg for those with live
weight from 1.1 kg to 1.89kg or greater than 2.39kgother words, a $0.05/kg
discount would be applied if the average weighisfautside of the range from

1.9kg to 2.35kg.
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2.2.3 Wholesale price, retail price and product quiity

After discussing supply management and currentepdietermination at
the production level, we now turn to the retail avliblesale level, and introduce

relevant quality traits that could be integratei ia reformed pricing scheme.

In Canada, processors purchase live birds fromymerd. The processed
birds then go into the retail market either as wlaarcass or in the form of cut-up
parts. At the production level, live bird is thelynategory that is traded between
producer and processors, whereas at the retailvuotesale level, products are

more diversified as the birds are also sold agi#fit cut-up parts.

Looking at the historical retail price data in Cdadrom 2009 to 2011 of
four categories including whole bird, breast, wirgeal leg quarter, the weighted
average retail price of chicken breast is the sghar the whole period, followed
by wing and fresh whole chicken, while the pricecbicken leg quarters is the
lowest (Figure 2-2). A similar price difference @bualso be found on the
wholesale level. Figure 2-3 shows four market cax@escompiled by Expressed
Market Inc. (EMI), which measure the values of fimer major cut-up part groups
(breast, wing, leg and whole bird) based on acinabice data from nine
Canadian processors covering a significant portbbrihe Canadian wholesale
volume. As Figure 2-3 shows, the average EMI breastplex and wing complex
are constantly higher than leg complex and whaié@ éomplex in the period from

Dec 2001 to Jul 2010.
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The price differences on retail and wholesale |éah suggest that there
are differences in terms of market values or comsuwaluation across quality
traits. However, such value differentiations arerently not translated into the
price at the production level because of the latkcarresponding quality
incentive components in the price formula. Therefan our analysis we consider
introducing attributes related to cut-up part asnaicator of quality. For the rest
of this study, we will focus on three cut-up partsbreast, leg and wing.
Specifically, we will employ the yield levels ofdke cut-up parts as the quality
traits in the pricing scheme we are going to prep&¥e define breast yield, leg
yield and wing yield as the proportion of the weighbreast meat with bone and
skin, the proportion of the weight of leg quart@rsluding thigh and drumstick)
and the proportion of weight of wings, respectivetp the weight of an

eviscerated whole bird. These three quality traiesdefined formally below:

wWB

BY = X 1000ttt eee et (2.3)
BWEvis

WY = o s 100%..veveveeeeeeeeeeeeeeeeeeeeeeeseeeeeeeeeseeeeeeseeseeseeseeeeeeeessreene (2.4)
BWEvis

LY =m0 s 100 veeeeeeeeeeeeeeeeeee e eeee e eeeeee e enee s ee e (2.5)
BWEvis

whereBY, WY andLY denotes breast yield, wing yield and leg yielgpezsively;

WB,WW , andWL correspond to the weight of bone-in skin-on breast,
weight of leg quarter and weight of wing respedtive

BWEUvis is the eviscerated body weight of a bird.
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Figure 2-2 Weighted average monthly chicken retajprice in Canada from
Jan. 2009 to Apr. 2010
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Data source: Agricultural and Agri-food @da, retrieved Sept. 28, 2011, from
http://www.agr.gc.ca/poultry/index_eng.htm

Figure 2-3 Chicken wholesale price in Canada from 8c. 2001 to Jul. 2010
(A-43 to A98)
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2.3 Overview of the U.S. chicken industry

Since we are interested in comparing aspects afierfty and quality in
both the Canadian and the U.S. poultry industrg, fillowing sections aim to
briefly review how performance evaluation is typigamplemented in the United

States and to compare it with the Canadian system.

2.3.1 Overview of performance evaluation in the U.Shicken industry

The primary difference between the chicken industrthe United States
and in Canada is that the U.S. chicken industtyigbly vertically integrated. In
the United States, integrators control typicallgmvstage of the supply chain via
company-owned farms or production contracts (Maclhn2008). They usually
own or control hatcheries, feed mills, slaughteanm, and further processing
plants and rely on networks of growers for bropesduction through production
contracts. The contract chicken producers in théednStates do not own the
birds they raise, rather, they provide productiatilities and labour. Their
responsibility is to raise the company’s birds utitey reach market weight and
then exchange them for monetary compensation (Maaldo 2008). Therefore,
contract chicken producers are paid for their gnawgerviceinstead of directly

for the commodity they grow.

Payment between integrators and producers in tBe dhicken industry is
typically based on the relative performance by canmg a given producer with
other producers who deliver broilers within a sfieditime period (often a week)
(MacDonald, 2008). Under a typical relative perfarmoe standard, all producers
receive a base fee. Further, producers who defhae meat, given the number
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of chicks placed with them, receive higher paymenhterefore, the differences in
producers’ relative performance are driven by défees in chick mortality and
feed efficiency (Knoeber, 1989). For each individuaducer, the performance in
chick mortality and feed efficiency is measured gsttlement cost, which is
typically the total cost of chicks, feed as well @m®dicine provided by the
integrator divided by the weight of meat producéd. equation form, and

following Knoeber (1989), settlement cost can bitem as:

SCite = m B TTTIK e, (2.6)

ij

whereSCj is the actual settlement cost of produicer periodk;
PC is price per chick (medical cost included);
Cix is number of chicks delivered to produgen periodk;
PF, is the price of feed per calories in periad
Fj, is the amount of feed delivered to produicer periodk;
Wiy is the total weight of meat produced by prodydarperiodk.

From equation (2.6), settlement cost could be &rttecomposed into two

PFXF

PCXC; . , . .
parts: W—’k and £ which measures producer’s performance in moytali

jk Wik

rate and feed efficiency respectively.

The price determination under relative performampayment scheme

adopted from Knoeber (1989, p.275) can be expreased
Pijte = (BPy + SC = SCit) X Wikeve it (2.7)

whereP; ;; is the payment by integratbto contract producgrin periodk;
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BP,, is the base price in peridg

SC, is the average settlement cost of all producepeiiodk;

SCj is the actual settlement cost of prodycieer periodk;

Wiy is the total weight of the meat produced by predgian periodk.

As shown in equation (2.7), producer performanceneasured by the

difference between the settlement cost of an iddiai producer and the average
settlement cost of the group. When a producer'fopaance is above average, its
settlement cost is lower than the average eS€),(< SCy), as a resultSC; —
SCik >0 , and a premium will be applied. Similarly, if thproducer’'s
performance is below average, a discount will bgliag. In general, under the
relative performance pricing scheme, the threeiarweomponents of the price
determination are: Base Price, Mortality Rate amed-Conversion Rate. For
contract producers, the base price is exogenoiisi@given when they sign the
contract; mortality rate and feed conversion ra& endogenous as these two
variables depend on producers’ efforts and theityuaf management. In other
words, the pricing scheme described in equation &férs incentives for
producers to minimize mortality rate and maximiged conversion rate while the

number of chicks and ingredient of feed are given.

Under the U.S. system, producers have little comtfahe ingredients of
feed as it is provided by the integrator. Therefthere are no explicit incentives
to improve quality (e.g. yield of cut up parts) ttltauld be affected by varying
dietary ingredients. However, because the intedrat&. poultry system is a very
tightly controlled and thus effectively closed puotion system (Schmitz and
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Schmitz, 1994), processors ensure that minimumitguaiteria are being met in
other ways, outside of the relative performanceipgi formula (e.g. by the threat

of contract exclusion).

In terms of cost of production under production tcact in the United
States, while chick and feed are integrator-pravidigputs, contract growers
mainly invest in production facility and labour.céording to a report by Taylor
and Domina (2002), the costs for contract groweaiin consists of the cost of
specialized production facilities (houses, assediatquipment, and utilities),
grower service (labour and management), waste neamawgt and dead bird

disposal.

Beside the U.S. chicken industry, contract farmang vertical integration
is also adopted by many major poultry producingntoes such as Brazil,
Thailand and China. A brief description of the poulindustry in Brazil and
China which also adopt the relative performancesghis provided in Appendix

2.

2.3.2 Comparison between the U.S. and Canadian cken industry

Compared with the U.S. chicken industry, there ignificantly less
coordination between hatcheries, feed mills, grewslaughter plants, and further
processing plants in Canada. In fact, under thea@an supply management
system, the coordination among different stageth@fsupply chain depends on
the participation of the marketing boards (Martinag, 1993). Although the

guantity of production and price of live chickeneapredetermined by the
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marketing boards, chicken producers in Canadahstie relatively more freedom
in terms of production decisions such as choosatghery firms and feed mills.
Moreover, previous studies suggest that produce@anada have been better off
because supply management gives them some degtesgaining power (e.g.

Schmitz 1983).

In Canada, chick and feed cost are not providedpitmcessors (the
integrator) as in the U.S. system. Instead, chioki &eed are the primary
components of production costs for the Canadiarckeni producers and an
important part of the live price formula. Moreovéng chicken producer is the
one who makes the final decision regarding theitrair program used on their
farm. As Canadian chicken producers have more dmedo select feed
ingredients than U.S. producers, they are likelpdwe a greater influence on the
gualities which could be influenced by dietary itign (the relationship between

nutrition and yield quality will be further discwessin the chapter 3).

2.4 Summary

The chicken industry is a fast growing sector ia thobal meat market.
The Canadian chicken industry also experiencedtagi@mwing period in the last
two decades. Operated under a supply managemeteinsysvhere price and
supply levels are predetermined, the industry etsuronsistent supply for
consumers and also stable income for producersesdt the wholesale and retail
level suggest that values of chicken meat diffeoss cut-up parts. However, due
to the lack of a quality-based compensation schemder the supply management,
the value mark-up at the wholesale and retail lelogls not appear to transmit to
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the price given to producers by processors. Wetdmve sufficient evidence to
judge to what extent this system creates a welém® (income transfer) due to the
nature of higher consumer prices (compared to theere of supply-

management) while maintaining income stabilizafmmproducers.

By reviewing the performance evaluation in the EditStates, we have
highlighted several key differences between thawization of the U.S. and the
Canadian poultry industry, as they affect priceedatnation, cost determination
and means to affect quality by individual produc&hile the U.S. system
appears more focused on cost efficiencies and grfrmance, the Canadian
system is similar in its overall absence of focus providing producers with
incentives to focus on particular quality traitsappears that the Canadian system
is set to ensure stable income for producers. §seem also gives producers
more control over meat quality traits, since theydxmore flexibility regarding
the use of inputs. However, the incentives for pomas as they are currently set
under the existing supply management scheme dseasoh to be strongly focused
on quality, as payment is largely based on weighivall as cost of production.
Aside from this lack in focus on quality, there atber costs and benefits that
have been identified for supply management systé@imes.following section aims

to summarize these by reviewing the previous studie
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Chapter 3 Literature Review

3.1 Introduction

The main objective of this study is to develop &ipg scheme for the
Canadian chicken industry that integrates qualigjtd, while accounting for
consumer demand for such traits. To meet this tibgcthe literature review in
this chapter will provide more detailed backgrodrain previous studies before

such a pricing scheme can be developed.

The literature review consists of two parts. Firgtyen the unique
marketing system of the Canadian chicken industry, will review previous
studies on supply management in order to examieerdtionale for and the
impact of the supply management system. Secondiewiew previous studies
with regard to the pricing schemes used in the iINArmerica agricultural sector,
in order to provide a benchmark against which aeh@ricing scheme can be

developed.

3.2 Literature on supply management

Supply management was not adopted by the Canadiahryp industry
until 1979. However, the formation of provincial rketing boards and their
control over production decision can be traced iackO63 (Martin and Holliday,
1977). The role of marketing boards, as well asdbst and benefit of supply
management have been topics of considerable rése#tiention since then. In
this section, we will first summarize the key fings of these studies and then

review each study in chronological order.
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Based on previous studies, several conclusionsbeadrawn regarding

supply management in the Canadian poultry industry:

First, the implementation of supply managementbeen able to meet its
objective of enhancing price stability of the Camadpoultry industry. During the
early stage of implementing supply management én1i®70s, marketing boards
did not significantly enhance the stability of puodr prices. But eventually,
producers, or more precisely, large producerseénridustry, became better off as
they were capturing a certain degree of monopohlygrp while the farm level
price became higher and more stable as time wentMamy of the previous
studies suggest that the gain at the farm levelavassult of the income transfer
from the processors, retailers and consumers tadupsss under supply
management. However, the issue of social cost pplgumanagement is still
under debate. The diverging results on this topeatly depend on the method
that is employed in the research.

Second, producers do not act as monopolists irstipply management
system. Processors and retailers also hold a cediegree of market power.
Regarding marketing power of key players of theustd/, some earlier studies
suggest that marketing boards tried to control petidn so as to increase price,
which leads to higher retail prices. However, lardies (such as Coffin et al.,
1989; Fulton and Tang, 1999; Gervais and Devad?2@86) find evidence that
producer marketing boards are not acting as morsipad it is the processors

and retailers who likely hold greater marketing pow
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Third, there is evidence that supply management beagn appropriate
response to potential market failures. On the cm@dhsupply management has
been routinely criticized for restricting new pratiwlevelopment, and reducing
output so that retail prices are higher than theula otherwise be. On the other
hand, as concluded by Gervais et al. (2007), pusvigtudies provide evidence
that supply management may be an appropriate resparight of two potential
market failures, which are associated with (i) neanbrice risks associated with
chicken production and processing activities whikeinsurance and/ or hedging
mechanism exists to perfectly redistribute riskoss agents in the supply chain
(Coffin et al., 1989; Gervais et al., 2007), angi(hperfect competition, such that
supply management can potentially counter-balamee existence of market

power beyond the farm gate (Fulton and Tang, 18@9yais et al., 2007).

Last but not least, a few studies have touched wpenmpact of supply
management on product quality. Funk and Rice (18##)light that the presence
of marketing boards reduces processors’ incentivadopt new technology, as
both their margin and market growth decreased.i€affid Romain (1989) point
out that the pricing scheme underlying supply manaant in the Canadian

poultry sector may discourage the producer to impiguality.

After highlighting the key findings from previougudies on supply
management, we now turn to the review of each eddhstudies. Back in 1977,
before the implementation of supply management hégadhe chicken industry,
Martin and Holliday (1977) tried to explain the put decision of the broiler

marketing board and its actual impact on output@ice in the market. Martin et
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al. (1977) compare the data of five provinces/ragiof Canada under production
control with the pre-board period in Quebec andUl&efor the period from late

1960s to early 1970s. The results suggest thatioeaaf output to market signals
(e.g. changes in broiler and feed price) underbiberd control was slower than
those under the non-control system or the U.Sicatrtoordinated system during
the study period. Moreover, they also find thatrterketing board in Ontario and
Quebec were responsible for the inefficient resewaitocation during the early

1970’s as they limited output growth in order torgase boiler price and benefit

producers during the period.

Martin and Warlay (1978), test whether marketingardg successfully
enhanced stability in terms of output, producecgyrconsumer price and industry
gross revenue in five commodities including tobacpork, chicken broiler,
turkeys and eggs. By analyzing the price and pribolucdata of these five
commodities, and comparing them with the U.S. dslatin and Warlay (1978)
find that there is no significant increase in digbiin terms of production,
producer price or consumer price in the Canadiandrrand turkey industry. One
of the reasons may be that the control scheme wiamature at that time as the
implementation of supply management system hadogegtin (Martin and Warlay,

1978, p.883).

Funk and Rice (1978) investigate the impact of retng boards on
overall industry structure and the different stagethe supply chain with a focus
on the Ontario Chicken Producer Marketing Boardike rin the Ontario boiler

industry. Based on in-depth personal interviewshvgéneral managers from all
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the major sectors of the Ontario Broiler Industpnducted in the early 1978,
Funk and Rice (1978) find that there were increasedatchery and feed
company’s gross margin, and decreases in procésymss margin after the
introduction of marketing board. Moreover, they dfinthat the presence of
marketing boards reduces processors’ incentivedoptang new technology, as
both their margin and market growth decreased.naketing board’s power of
determining price and production quota has littieerall effect on feed and
hatchery firms, while it is found to have had arema detrimental effect on

processors (Funk and Rice, 1978).

Veeman (1982) uses a comparative static framevwmdssess the transfer
and social cost effects of supply management faitpoproducts in the short run
and long run. It is found that supply managemenebts producers in terms of a
significantly higher and more stable price. Howevier the short-run, these
producer benefits are accompanied with the increasensumer expenditure and
losses of economic efficiency. And in the long-rthre potential efficiency loss is
substantial. The author points out that, as theplyumanagement program
distributed most of their benefits to large prodscé is necessary to seek ways to

limit consumer cost and efficiency loss.

Lermer and Stanbury (1985) focus on the socialscassociated with the
redistribution of income affected by means of diresgulations. Lermer et al.
(1985) apply data of the Canadian egg, turkey dncken industry taken from
Veeman (1982) to a capital asset pricing model (MABnd take into account the

uncertainty of the additional income streams thamgferred from consumers to
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producers. The results of their study suggestttiaestimated social welfare loss
of supply management is much greater than thosdifiéel in previous studies.

The additional loss comes from risks born by predsi¢quota owners) under the
restriction of a transfer of quota between prodsicdased on these results,
Lermer et al. (1985) suggest to pay compensatigoraducers and to eliminate

the supply management scheme in the Canadianweggytand broiler sector.

While most supply management studies use a paddalilibrium
framework to assess the impact of supply manageméoschini (1988) goes
further to develop an output constrained multipidjoint profit model to
analyze the resource allocation effects of suppanagement on the Canadian
agricultural sector as well as its impacts on tba-restricted sectors. Based on
the analysis of production data of industries vaitid without supply management
for the period 1961-1983 in Ontario, the regulatwinoutputs, as under the
Canadian poultry supply management system, is faaraffect the demand for
variable inputs as well as the supply of outputenvithese were restricted by
regulation. The reduction in the level of output reulated commodities is

accompanied by limited input substitution.

By reviewing the sequence of stages in the incalstation of Canadian
agriculture and the marketing boards’ response dohestage across several
commodities, Troughton (1989) examines the relatigm between the process of
industrialization and particular response by thekei@ng board arrangement. The
author concludes that a marketing board is notdhly or necessarily vital

component of industrialization, but it does resualgreater efficiency in getting a
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quality product to market. Troughton’s (1989) studlso sheds light on a
marketing board’s impact on price and conclude$ tha supply management
system has not been able to meet producers’ gdhkreindividually or
collectively, as the higher and more stable pnicéhe industry under “full supply
management” were just assured for a few large medu This benefit to a subset
of poultry producers was predicted at the experfsea arastic reduction of

producers with low income.

A subsequent study by Coffin et al. (1989) examgsply management
exclusively in the context of the Canadian poukgstem. Compared to many
previous studies, Coffin et al. (1989) concludehvdtmore positive evaluation of
supply management. The authors suggest that theegpatuations from previous
studies are resulted from the use of inappropraehods and assumptions, such
as the assumption of the perfect competition asahernative of supply
management. By reviewing the economic dimensidnth@ Canadian poultry
sector during the 1980s, Coffin et al. (1989) cadel that the industry witnessed
an improvement in productivity and a reduction @alrprice at the farm and
processing level since the implementation of th&onal supply management
scheme although not all these developments arectljireelated to supply
management. Product quality in terms of chickendeomation rate has also
improved during late 1960s to early 1980s. In adésnonopoly power, Coffin et
al. (1989) find little evidence of monopolistic l@tour of the marketing board
on the national or provincial level and concludattiere is a considerable degree

of market power in the hands of retailers. Furthaan Coffin et al. (1989)
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conclude that stability in terms of prices, priegion, per unit gross margin and
“aggregated gross margin” has increased. Suclretilkction induced an increase
in the actual production scale during the 1980'silevit also enhanced the

stability of producers’ income without apparentigrisferring risk to processors.

More recently, Schmitz and Schmitz (1994) revieudsts that analyzed
cost and benefits of supply management in the Ganathiry and poultry sector
within a rent seeking framework. By reviewing themy controversial results
from previous studies, Schmitz and Schmitz (19%ress that the discrepancy
of these studies partly result from the absencprotessors and retailers in the

models.

In a study on the Canadian egg and poultry secBesk, Hoskins and
Mumey (1994) estimate the social welfare loss ecavhen farmers bear the
investment risk associated with possible termimatbquota protection (the cost
of risk bearing is the cost of bearing the riskt thaota life may turn out to be
different than expected). Data of the Ontario pguhdustry in the year 1991 is
employed to this composite model. The results ssigfeat the annual social
welfare loss in 1991 was between $98 million (Us8ces approach) to $126
million (tariff equivalent approach), which accoedtfor 6%-8% of total product
value. Moreover, approximately half of this sosialfare loss was due to the cost
of risk bearing and this cost could be eliminatgdcbnverting quota rights from
an indefinite term to a fixed term. The authorsaode that “changing the quotas

to a short fixed term might halve the social wedféyss without imposing capital
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losses on farmers and might facilitate a retura foee market or auctioning new

fixed term quotas” (Beck, Hoskins, and Mumey, 198dstract).

Based on previous studies’ findings regarding tlestc of supply
management and the non-competitive behaviour of st&eholders, Schmitz
(1995) attempts to answer why such a system cast iexCanada for so long, by
using a rent seeking framework and Stigler’s theadrgegulation. Schmitz (1995)
concludes that the reasons for the existence gilgupanagement may lie in (i)
the considerable rewards that the producer get® frent seeking behaviour
without affecting the politician and the regulatdii) the same political and
economic ideology across producers; and (iii) thet of pulling out supply

management.

Considering the question of market structure assedi with a sector
operating under supply management, there are a ewofitstudies that shed light
on the issue of market power among the playerfienagricultural sector under

supply management.

Cranfield et al. (1995) employ the conjectural aaons model framework
of Appelbaum (1982) to test to what extent competibehaviour in four key
Canadian food processing industries, including dlagy, fruit and vegetable,
poultry, and red meat, departs from the assumptiqrerfect competition. Based
on the data from 1965 to 1990, the authors find ohigopoly power exists in all
four industries where the degree of market powso@ated with the poultry

processing sector is the lowest compared to ther dlinee processing industries.

32



Fulton and Tang (1999) study the market power efkéy stakeholders in
the Canadian chicken industry, considering allesagstead of only one sector of
the industry. Based on the data on the Canadiarkehiindustry for the period
1965-66 and 1995-96, the empirical results of Fuldmd Tang (1999) suggest
that market power was present at the chicken megadlnd processing sector over
the entire study period. Nevertheless, the higk&ailrprices cannot be entirely
associated with supply management at the farm gatiethus the inception of
poultry marketing boards.

More recently, Gervais and Devadoss (2006) prowade analysis of
bargaining weights between each party in the Camadhicken industry, by
applying monthly price and cost data on both faewel and processing level in
Ontario for the period from March 1997 to DecemB€02 to a joint profit
maximization model. Gervais and Devadoss (2006 fimat Ontario chicken
processors have exercised greater bargaining pthaer the chicken producers
during the study period as the estimated bargairpogver coefficient of
processors is almost four times larger than thgaiaing power coefficient of

producers.

3.3 Literature on pricing schemes in North Americanagricultural
sectors

Following the review of previous work on supply ragement, we now
turn to the review of related studies of pricinfpesmes. The review focuses on
the four main pricing schemes that are commonly uiseéhe United States and in

Canada.
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3.3.1 Related pricing schemes used in U.S. agriauial sectors

In this section, we will review a number of prewsostudies that shed light
on the relative performance pricing scheme andatismlute performance pricing
scheme used in the U.S. agricultural sectors, fogusn the mechanism of the
two pricing scheme as well as a comparison of thetential advantages and

disadvantages.

Formal production contracts are heavily used in wmlmer of U.S.
agricultural sectors, such as in hog production@mdtry production. The pricing
schemes adopted in these sectors can be classifeedwo types according to
whether the performance of contract producers isasmed by absolute
performance or by relative performance. In an aliegberformance system, the
farmer will be evaluated against a fixed standdrd.a relative performance
system, which is also known as yardstick competi{iShleifer, 1985) or piece-
rate tournament (Tsoulouhas and Vukina, 1999), déasm performance is
evaluated against other growers in the same figddperiod. In the case where the
farmer’s performance is measured by relative peréorce, contracts can either be
based on the farmer's performance rank or on therage of other farmers
(Knoeber and Thurman, 1995). While the relativefqgrarance pricing scheme is
most heavily used in the U.S. boiler industry amel dbsolute performance pricing
scheme is more popular in the hog industry, a nurobstudies have shed light to
the mechanism of the two pricing schemes and coenfjeir advantages and

disadvantages.
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Knoeber and Thurman (1995) provide a detail dpson of the relative
performance pricing scheme used in the U.S. boildustry and measure the risk
shifting effect of the contracts based on relatperformance. The initial
description of relative performance pricing is elysbased on Knoeber (1989)
(see section 2.3.1). Grower performance is meadwyeskttiement cost (Knoeber
and Thurman, 1995, p.487), expressed as:

Chick X12+Kilocalories X6 (3 1)

Settlement Cost = e et s
Live Pound

wherechickis the number of chicks placed in a flock,

Kilocalorie is the number of kilocalories in the integratooyaded ration,

Constantl2 and 6 serve to weight (or “price”) the integrator proedi

inputs.

Improvement in feed conversion rate, decrease imtality rate and
increase in bird weight all result in a lower s&tient cost, and indicates better
performance of a grower. Under the relative pertoroe contract, an average
settlement cost of flocks harvested in a givenqukiis calculated and then a
grower’s relative performance is determined accwigi Payment received by a
contract grower is calculated as
Payment;jx = [Basey + (Sijk = Si)]Qijic - vveeerieeiiiiiiiiiee, (3.2)
whereBase, is the base payment received by growers in pdgiod

Sijk 1s the settlement cost of the productar flock j in periodk;

Q;jx s the slaughter weight of flogkoy producer in periodk;

S, is the pounds weighted average settlement cottteobame group of

grower in periok. (Knoeber and Thurman, 1995, p.490)
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Based on the production data of seventy five bajlewers over a four
year period from November 1981 to December 1988, dthors simulate
payment under relative performance contract, absglarformance contract and
for independent growers. Further, payment variaracesdecomposed into price
risk, which results from the variation of boilerdafeed price, common production
risk borne by contemporaneous growers and idiosgyiecproduction risk. The
results suggest that the form of contracting usetthe U.S. boiler industry shifts
nearly all risk away from growers. Price risk, athiaccounts for 84% of all risks
in their study, is found to be the primary sourdeisks in the broiler industry.
Common and idiosyncratic production risks each aotofor three percent of the
total risks, and the remainder is attributed to jthiet contributions of the three

components.

Martin (1997) provides an introduction to relatperformance pricing as
well as an analysis of absolute performance pricsed in the U.S. hog industry.
Moreover, by using performance record data of 1B3okte performance
contract growers from September 1985 to Decembé&?2 1Martin (1997)
simulates the income of these producers, firstf dbely were operating on an
independent basis and then as if they would openatgier relative performance.

The income variability under the three types oftcaxts is then compared.

According to Martin (1997), under the absolute perfance pricing
scheme, payment received by a producer is compufsefixed price and a bonus
paid per head. The size of the bonus is typicadlgell on the difference between

the grower’s feed conversion ratio (pounds of féetted by pounds of gain) and
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a standard feed conversion ratio. The absoluteopednce contract payment is

expressed as (Martin, 1997, p.269):

YAP = XGip + D(FC — FCit)HDjp vveeeeeeee e e e (3.3)

whereY;4”= absolute performance contract payment;
X= fixed piece rate per pound gained;
G;+ = pounds gained;
b = incentive coefficient used in calculating perdhéanus;
FC = standard feed conversion ratio;
HD;; = head shipped to market;

i = grower;t = a specific herd.

Base on the relative performance pricing schemd umsthe broiler sector,
Martin (1997) models payment for hog producers unddative performance
following the contracts used in the boiler industiynder such relative
performance contract, payment also consists okedfiprice component and a
bonus component. The bonus is based on the heaivtedi mean feed
conversion ratio of a group of farmers who finisbgh in the same period. In
equation form it is expressed as (Martin 1997, )26
YEP = XGit + B(FC — FC;)HDjg vveivvveeieecieeiiieiiii e (3.4)
The only difference when comparing equation (3.#hwquation (3.3) is that the
size of this bonus now depends on the differendevden the grower’s feed

conversion rat€FC;,) and the average performance of the grower’s giCp

Further, prices received by independent hog praduaes simulated in

Martin (1997) using production data of the 123 pets and monthly market
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prices of inputs and outputs. Income of an indepahtlog producer is calculated

as equation in (Martin 1997, p.271),

YN = (PFQf) — (PFQE) — (PPQLD) v (315),

whereY; "= income for an independent hog producer;
P;” = price per pound of hog;
Qij+= pound of hog produced,;
Pf" = price per pound of feed;
Qij+= pounds of feed consumed;
Pf" = price of feeder pig;
Qij:= pounds of pig purchased;

i = farmer, j= month, and =a specific herd.

By comparing income variability under the three @ypof contracts,
Martin (1997) finds strong evidence to supportahgument that contract farming
reduces grower income variability relative to indeg@ent growers. However, only
weak evidence is found to support that relativéquerance contracts, which are
set up similar to contracts used in the chickenldmrandustry, could further
reduce income variability for hog producers. Onplaxation provided by Martin
(1997) for such weak evidence in additional risktsty is the very nature and
structure of the pork industry. The pork industsydifferent from the broiler
chicken industry as the pork industry is not umiom such characteristics as
weight. This means there is greater variation eaghrformance of hog industries.

The author concludes that for a relative perforneatmntract to be effective, the
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contract must rely on increased contract producaon more uniform pork

production and processing.

A study by Vukina (2001) is also an important refeze for our design of
a novel pricing scheme. In this study, Vukina (20views the reasons for the
emergence of relative performance contracts (adledtournament contracting)
in the U.S. poultry industry (broiler and turkegls well as their advantages and

disadvantages.

According to Vukina (2001), a reason for the emeogeof the use of
relative performance contracts is that on the caedhit can provide incentives
for growers to exert efforts; and on the other hafiters away production
uncertainties common to the same group of growsush as the effects of
weather or untried feed mixes. Furthermore, by ammpg productivity and prices
with other livestock industries such as pork andefbwhere tournament
contracting (relative performance contracting) dat occur, Vukina (2001) finds
that the pace of technological change in the beigetor was exceptional from the
1950s to the 1980s, which suggests significantymtidty improvement after the
implementation of vertical integration and tournameontracting. In addition,
Vukina (2001) emphasizes that contracting and earintegration in the poultry
sector also enabled the industry to respond togdgsum consumer preferences
more rapidly, and to have greater control over ¥tbkime and quality of the
products. In terms of possible disadvantages, \Vk2001) highlights that it is

difficult for growers to accurately predict themcomes under the tournament
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scheme because the price depends on the perfornshratber growers in the

same group.

A study by Levy and Vukina (2004) further analyzbg two specific
types of relative performance pricing schemes, mamie rank-order
tournaments and the piece-rate tournaments, asawdlie “league composition

effect” arises under piece-rate tournaments.

According to Levy and Vukina (2004), a rank-ordemrnament is pricing
scheme where only the rank of the grower mattetlarallocation of rewards. An
undesirable property of this form of tournamenthat when the growers in a
group have unequal abilities, the incremental rewéor better or worse
performance is the same at the margin, irrespedtibe ability of the grower.
The implication is that better players have no intive to exert effort once they
have information that they are going to win, anansyetrically, low-ability
growers have no incentive to exert effort once thaye information that they will

lose anyway (Levy and Vukina, 2004).

The other type of relative performance payment ehepiece rate
tournament, refers to a tournament where the rewgaadcontinuous function of
the difference between an individual player’'s perfance and the group average
performance. Such piece rate tournaments are tipmamposed of a fixed base
payment per pound of live meat produced and a biaribonus based on the
grower’'s relative performance measured by settlénmost (Knoeber and

Thurman (1995). Different from Knoeber and Thurn§a895), bonus payments
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in Levy and Vukina (2004) are set up apaacentageof the difference between
group average settlement costs and the produceli@dual settlement costs. The
piece-rate tournament pricing scheme is expresseelgaation (3.6) (Levy and

Vukina, 2004, p.336):

1 Cj i
yie = [A+KC z;.;lq#;— 2—;)]qit i1 (3.6)

where A denotes the base payment per pound;

Cit - . T
ql is the individual grower’s settlement cost;
jt

Kis the marginal bonus payment expressed as a pagee(b0%-100%)

of the production cost savings that a grower retain

Compared with rank-order tournament, there is nbciehcy loss
associated with mixing players with unequal alatin the piece-rate tournament
(Levy and Vukina, 2004). However, one potentialdigantage of the piece-rate
tournament is the league composition effect whigflers the unpredictability of
individual producer’s income results from the grazgmposition changes from
flock to flock at the integrator’s discretion. Umdgiece-rate tournaments, since
the payment received by an individual grower depewd other growers’
performance, the growers have no way of estimatimg payment they will
receive due to the league composition effect, es@ntheir cost and ability are

constant.

An alternative remuneration mechanism that can iedte league
composition has also been discussed in Levy andndu2004). This mechanism

is similar to absolute performance pricing schemedyeed by Martin (1997). The
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total payment is a combination of a fixed base payand a variable payment
based on a fixed performance standadwhich is a predetermined feed

conversion benchmark (Levy and Vukina, 2004, p.336)

In the simple piece-rate scheme (absolute perfocemanheme) described
in equation 3.7, the fixed standarg) fepresents a predetermined technological
benchmark. Therefore, the simple piece-rate prigogeme can eliminate the
league composition effect as payment for individualducers are independent of
the performance of other producers. However, agiMér997) also highlights, a
drawback of such a simple piece-rate scheme is ithexposes producers to

common production risks, which tournaments elinenat

By applying data of production performance and pkylata from the U.S.
broiler industry to a moral hazard model, Levy &ukina (2004) conclude that a
larger variance in individual abilities or a largeariance in the idiosyncratic
shock favors the piece rate while a large varianche common shocks favors
the tournament. However, in a sufficiently long ¢irhorizon with fixed leagues

scenario, a simple piece-rate contract will oféed variance than any tournament.

More recently, Zheng and Vukina (2007) analyzedwiedfare effects of
replacing an ordinal (rank-order) tournament witbaadinal tournament (relative
performance based on average settlement cost @frthg). Using data from 75
growers under rank-order tournament contract, Zhamg Vukina (2007)

construct an empirical model of a rank-order tooreat and simulate growers
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performance under the cardinal tournament contréloe results indicate that
switching from a rank-order tournament to a carndinarnament, while keeping
the growersex-anteexpected utility constant, improves efficiency.elgrincipal
(integrator company) gains from the switch, whegase of the agents (growers)

gain and others lose, depending on their realizedygtivity shocks.

In summary, the pricing schemes that have beerwed in this section
include absolute performance pricing scheme, a$erned to as fix performance
or simple piece rate; and the relative performarae@ng scheme, also referred to
as tournament. Relative performance pricing scheooedd be further divided
into two major forms, rank-order tournaments aneceirate tournaments. The
potential advantages and disadvantages of thesmgrschemes as they have
been discussed in the previous studies are sunedainzTable 3-1. In general,
the findings of previous studies suggest that iradatio independent production,
contract farming, including both absolute perforecam@and relative performance
contracts, results in risk-shift from growers tdegrators and reduces grower
income variability. When comparing absolute perfance and relative
performance pricing, there is no consensus on tmepact regarding price
variability or welfare of the stakeholders, sinbe tesults depend on the specific
industry being studied and the study's assumptioegarding the group

composition.
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Table 3-1 Summary of the pricing schemes used ing¢hJ.S. agricultural

sectors
Potential advantages | Potential disadvantages
Absolute * Eliminates league » Expose growers to
performance composition effect; common production

(simple piece rate

or fixed standard)

payment for an individual
producer is not affected b
performance of other
producers;

Price predictability;

Offers incentive for
exerting efforts.

shocks.

Relative
performance

Rank-order
tournament
(ordinal tournament

Filters common productiof
shocks

» Efficiency loss results
mixing players with
uneven qualities;

« Payment for an
individual producer
depends on
performance of other
producers;

e Uncertainty in
payment.

Piece-rate
tournament
(cardinal tournament

Filters common productiof
shocks;

No efficiency losses
associated with mixing

players of uneven abilities|.

* League composition
effect: variation from
expected outcome of g
tournament resulting
from exogenous
change in group
composition;

* Uncertainty in paymen

[
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3.3.2 Pricing schemes used in the Canadian poultsector

The previous section highlights the main pricingesoes used in the U.S.
agricultural sectors. The following section aimstonmarize the literature with a
similar perspective on the Canadian poultry sedigryeviewing the studies by
Gervais et al. (2007) and Abbassi and Gervais (Rddig@hlighting in particular

bargaining and formula-based pricing schemes.

In 2003, a significant reform of the Canadian pgupiricing scheme took
place. A formula-based live price that is a funetaf chicken producers’ costs
was introduced to replace the bargaining pricinghmaism. Gervais et al., (2007)
conduct a study to compare the effects of pricgdoamg and cost-plus pricing

on producers’ and processors’ welfare.

Comparing the theoretical models of bargaining gpramd the formula-
based live price, the substantial difference betwtbe two schemes is the timing
of decisions (Gervais et al., 2007). Under the &imigg pricing scheme, the farm
price of chicken is set about six weeks after thgpwat decision is made, while
under the formula-based pricing scheme, the fatioeps determined at the same
time as output decisions. The difference in terfrth® uncertainty of output price
under the two pricing schemes could be illustrdbgdthe producer’'s profits
function provided by Gervais et al. (2007) as irbl€a3-2 where- denote the
farm price of chickens) denote aggregate productiom; denote input prices,
C(Q,w) be the aggregate cost function of chicken produesd the symbot

denotes randomness in a variable.
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Using data on 49 quota allocation periods startmgdugust 1995 and
ending in December 2002, Gervais et al. (2007)med@ producers’ and
processors’ welfares under the assumption of riblesse producers. The result
suggests that the expected utility generated uti@ecost-plus formula pricing is
less variable than under the bargaining scenarid. tBe bargaining pricing
mechanism generally yields higher expected utility producers than the
formula-based price while processing firms obtaimgher expected utility under

the formula-based pricing than under the bargaifriagework.

Table 3-2 Sequence of decisions in the chicken supphain and uncertainty
under different marketing scenarios

Weeks before beginning Bargaining pricing Formula-based pricing

of marketing period

18 weeks m =70 — C(QW) =10 - C(QW)
12 weeks m=7Q — C(QW) T=1rQ — C(QW)
4 weeks T =1rQ— C(QW) m=rQ —C(QW)
Beginning m=rQ—C(QW) n=1rQ —C(QW)

Source: Gervais et al., 2007, page 257

Abbassi and Gervais (2010) further investigate ithpact of switching
from a bargaining pricing scheme to a formula-bapeding scheme in the
context of the Canadian chicken sector. In theidgt Abbassi and Gervais (2010)
take into account the role of inventories in deiamng market outcomes for the
chicken and model the output and sales decisionshiwken processing firms
under both pricing schemes using a linear-quadnatientory model. The results

of the simulations of the impact of change of pririschemes suggest that
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producers’ expected profits are lower on averaggeurthe bargaining system
than under formula-based system. Moreover, the dtarhased system reduces

the variability of profits.

3.4 Summary

This chapter reviewed a number of previous studas supply
management and pricing schemes used in the Nortéridanagricultural sector,
as they are relevant to the thesis’s key objedativéeveloping a quality-attribute
based pricing scheme between chick producers amdegsors under the

continuation of supply-management in the Canadauityy sector.

Although a few studies (e.g.Funk and Rice, 1978ffic@and Romain,
1989) point out that supply management has disgedrajuality improvement,
we find no strong evidence for the necessity ofuadémental reform of the
supply management system, since the majority ofethgtudies suggest that
supply management has managed to meet the goahaheing price stability in
the Canadian chicken industry without causing $icgmt social cost or
monopoly behaviour of producers. Therefore, for tBmainder of this study,
supply management will be considered as a givestaint under which the new

pricing scheme is discussed.

This chapter has also reviewed studies which hamalyzed the
mechanisms as well as the potential advantagediaadvantages of four types of
pricing schemes. Considering the lessons learrmd these pricing schemes, a

simple absolute performance pricing scheme is megpdor the Canadian poultry
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sector in the following chapter. Several implicagoof implementing this novel
pricing scheme are subsequently explored after taileé introduction to the

empirical data.

48



Chapter 4 Methodology and data analysis

4.1 Introduction

In this section, a new pricing scheme is develaped rewards Canadian
chicken producers for quality attributes, takintpiaccount previous experiences
with absolute and relative performance schemesairtiNAmerica. Our approach

is centered on three key considerations.

First, accounting for the fact that the Canadiaickdn industry operates
under a supply management system, the novel prisoiggme to be explored
should be in conformity with supply management’'y kbjective of ensuring a
“fair return to producer and consistent supply” (lglture and Agri-Food
Canada, 2011). To this end, production quantityeath period is assumed
predetermined by a production quota. In order teues that the prices received
by producers can cover the average total costamfymtion, production cost is one
of the key components in the pricing scheme. Mogeovo meet the main
objectives of this thesis, producers’ performangequality traits is explicitly

taken into account in the pricing scheme.

Second, regarding the form of pricing scheme, vep@se to maintain the
core of the formula-based pricing mechanism. Oasae is that, according to the
studies by Gervais (2007) and Abbassi (2010), weeeixthat the formula-based
pricing scheme reduces the cost-uncertainty fagegrbcessors and improves
efficiency of the industry. More importantly, a foula-based pricing scheme
would be more suitable for a pricing scheme thansmters producers’
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performance. This is because producers’ performaaceording to which the
rewards or discounts are determined, should beuate relative to a specific
standard instead of the negotiation between theparties. In fact, the pricing
schemes in the U.S. chicken industry that rewarddycers for better feed
conversion performance or settlement cost can hsidered to be in a formula-

based form consist of the fixed fee and bonus corapis.

Third, with respect to the performance evaluatiogthrad to be used in
this thesis, we propose to adopt an absolute pedioce scheme considering the
available data and the objectives of the studyaRas mentioned in the literature
review section, within an absolute performance seha producer’'s performance
is evaluated by considering a fixed standard. Coetpawith the relative
performance scheme, a potential disadvantage oaltkelute pricing scheme is
that it exposes producers to common productiorsridhowever, considering that
the production data used in this study is obtaiftech biophysical experiments
conducted in a Canadian experimental station whiggeproduction conditions
faced by all hypothetical producer are similar, amticipate that the impact of the
common production risks associated with factorshsas feed quality, animal
genetics and weather are minor and the paymenislatdd under the two pricing

schemes are unlikely to be significantly different.

Considering that processors each have differemtirements regarding
guality traits (cut-up part yield in our contextledto the different markets they
specialize in, we introduce varying producer regmients into the pricing scheme.

Thus, to simulate a realistic scenario that accouiar varying producer
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requirements, we adopt an evaluation method basedbsolute performance
where the fixed standards with respect to qualiéyseet by processors. The fixed
standards are constrained by the overall performahd¢he producer groups and

the technological level in the production period.

Taken together, the novel pricing scheme to beldped in this study is a
formula-based, absolute performance pricing schére. pricing determination
follows a two-step system. The first step is theebprice determination which is
consistent with the current pricing scheme. Itasdd on the average total cost of
production of a representative sample of produesrsvell as the average live
weight of all chicken contained in each trucklo&gped by the producer to the
processor. In the second step, premiums or dissoam® determined based on
producers’ performance with regard to each qualiyt. Producers who have
better performance receive a premium while thosth worse performance
receive a discount. A stylized description of te steps is presented in Figure 4-

1 and 4-2 and the discussion that follows.

In the base-price determination, the price paigrtmucers is conditioned
on production costs including chick cost, feed sogftlus producer margins.
Average live weight will also be taken into consaten. Adopting the prices
offered by Lilydale in period A96 as an examplegufe 4-1 describes the base-
price determination with a target average weight thnges from 1.9-2.35kg. The
horizontal axis represents the average live weighé vertical axis represents the
price level for each weight category. As shown iguFe 4-1, chicken that fall

into the target weight range would receive a reddyi higher base price
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($1.4535/kg) while those who fail to meet the tameerage weight would receive

a lower price ($1.4035/kg) with a $0.05/kg penalty.

Figure 4-1 Step 1: Base-price determination

Price($/ke)

$1.4535
I I

$1.4035 | p——ee
| |
| |
I I
| |
! |
I |

1.9kg 2.35ke Average weight (kg)

In the second step, a premium or discount is agplesed on a grower’s
performance. In this study, the reward scheme tisugesimilar to the absolute
performance scheme used in the U.S. hog industdessribed by Martin (1997)
and Levy and Vukina (2004), which takes process@guirements into account
by employing a fixed standard, while abstractingnfrthe league composition

effect by employing a piece-rate relative perforoeascheme.

In contrast to the schemes as proposed by KnoefgeiTaurman (1995)
and Levy and Vukina (2004) (discussed in detaihmliterature review in chapter
3) where performance of growers is reflected imtenf settlement cost, and in
contrast to the study by Martin (1997), where penfance is measured by a feed
conversion ratio, performance of producers in ghigly is measured exclusively

by the yield level of the three cut-up parts, nambteast yield, wing yield and
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leg yield. We abstract from settlement costs bexanfsthe lack of available
detailed cost data from the producer and procelsal (slaughtering costs).
Similarly, since we don’t have precise knowledgewhbindividual processor’s
preferred quality parameters, and as these paresridely change over time, we
will first abstract from this issue and consideeaepresentative processor only
(we will use historical weight parameters from ogm®cessor, Lilydale, as a

benchmark).

Figure 4-2 Step 2: Premium/discount determination

I
Premium
Yield level
Fixed
standard
{yield)
Discount

The premium/discount determination as part of tmeppsed pricing
scheme can be illustrated by Figure 4-2. The \araigis in Figure 4-2 represents
the premium/discount of a specific cut-up part &or individual producer. The
horizontal axis represents the performance of tloelycer measured by cut-up

part yield level. The lind indicates a linear relationship between the premiu
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and cut-up part yield level by a producer, where stope of linelL is the unit
premiumg. Notice that this linear relationship does notassarily exist between
premiums and the underlying actual production effaith regards to the
observable quality. As will be discussed below fisac4.3.4), the relationship
among the three cut-up part yields and the unohgrlgroduction efforts for yield
are affected by multiple elements, such as the abstfort and the elasticity of
demand for the qualities. Moreover, given the taet yield level is constrained
by the biological characteristics of chickens agdhe technology employed, the
underlying production effort is expect to have dirshing marginal returns and a

nonlinear relationship with price.

In equation form, the basic proposed pricing scheowtd be expressed as

follow:

P! = BP;+Pg % (BY; — BY) + By x (WY; —WY) + B, x (LY; = L¥).c..oooennn (4.1)

whereP! is the price received by produdere N = {1, 2, 3, ... m};
BP; is the base price paid to producer
BY; , WY;, andLY; are the breast yield, wing yield and leg yield of

produceri;

BY WY andLY are the fixed standard on yield level of each qupart

predetermined by processor;

B, Bw andp; are unit premium or discount parameters appliedhen
three cut-up parts, where the total premium/distadgpends on the
distance between performance of producesiative to requirement of

processor.
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In order to develop the above pricing scheme furtve need to answer
two key questions:

1) To what extent can producers control the thresdity traits?

2) What appropriate price premiums/discoyiy,By,3.) for each quality

trait should be offered by the processor?

To answer the first question, we use data fromoéogical experiment on
the variation among the three quality traits andirthrelationship with feed
ingredients. For the second question, aggregatdesdle level price data are

employed to determine a range of price premiumsdiswbunts.

4.2 Introduction to the biological experiments

Data about quality traits and feed intake were iobth from a previous
project by Zuidhof et al. (2008), investigating thepact of dietary balanced
protein (DBP)and metabolizable energy (ME) levels on performaotéobb
Avian 48 broilers to 56 d of age. Chicks were ranfjoassigned toa 2 x 2 x 3 x
5 factorial treatment arrangement, with 2 sexdsy@ls of early nutrition (0 to 11
d); and after 11 d, 3 dietary ME levels and 5 diethalanced protein (DBP)
levels, balanced for 6 amino acids: Methionine, N@tine + Cysteine,
Tryptophan, Threonine, and Arginine (Met, Met+C¥sp, Thr and Arg). The
three ME levels were 94%, 97%, and 100% of CobbtMas dietary
specifications for maximum growth rate and feedcefhcy. The five DBP levels
were 85%, 92.5%, 100%, 107.5%, and 115% of the spweifications. From 0

to 11 days, two pre-starter nutrient densities wesed, based on Cobb’s starter
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recommendations for maximizing growth rate and fe#feciency (HighPS), or

for reduced feed cost (LowPS).

Individual body weight (n=1200) and feed intake adgh=60) were
collected weekly, and at the 11-day of age (the ehdhe pre-starter phase).
Average daily feed intake (g/bird/d), crude protémake (g/bird/d), and ME
intake (kcal/bird/d) were calculated. 4 birds peenp(per DBP*ME*Sex
interaction) were processed at 21, 28 d of aged@yiker age), and 8 birds per pen
at 31, 36, 42,45,49,52 and 56 d of age (n=240 ge). Body weight at the time of
feed withdrawn, weight of eviscerated carcass, Weigf cut-up parts were
measured when the birds were processed. Carcddshyieast yield, wing yield,
leg yield were calculated afterwards. A summargath gathered from the above

experiments will be presented further below.

4.3 Analysis of experimental data

As mentioned in chapter two, prices producers wvecender the current
pricing scheme are based on the average live we§hbirds of the same
truckload from a given producer. In the followingadysis, the weight range used
by Lilydale in period A-96 (06-Febuary-2010 to 0®+A-2010) is employed as a
benchmark for live weight categories in our studythe A-96 period, the price of
chicken with average weight below 1.90kg was $154K3 the price of chicken
between 1.90kg to 2.35kg was $1.4535/kg, and tiee pf chicken above 2.35kg

was $ 1.4035/kg.
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4.3.1 Distribution of quality traits in the same weéght range

Given the above weight ranges and correspondimmggrthe first question
to be answered is that to what extent the threditguaaits actually vary by
different hypothetical producers (considering th@dgical experiments in terms
of representative producers, where the chicken feach pen in the experiment
correspond to the chicken from one representativdyzer), even if they fall into

the same weight category and thus would receivedhee price?

To answer this question, we use the prices offbyeldilydale in period A-
96 as an example, and sort out the chicken fromexperiments that fall in the
weight range between 1.90kg to 2.35kg and exanmedlistribution of the three
gualities within this weight range. The descriptstatistics with regard to weight
and yield of breast, wings, legs, and eviscerateigt are presented in Table 4-1.
The total number of birds in the experiment thditifdo the weight category is
322 with 125 males and 197 females in age range 8bto 52 days old. Yield of
cut-up part is the proportion of the weight of tteeresponding cut up part to the

weight of eviscerated bird.

The distribution of the three cut-up parts yields shown in Figure 4-3, 4-
4 and 4-5 respectively. As the figures show, altfiothe birds would currently
receive the same price as they are in the samgargiehere is heterogeneity in
terms of quality since their cut-up yield level ies For example, breast yield of
the sample varied from 22.97% to 35.09%, with anm&a30.07% and a standard
deviation of 1.78%; and leg yield varied from 284 8 35.85%, with a mean of

32.48% and a standard deviation of 1.32%.
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Notice that in the experiment, feed ingredients &emulated and
prepared by the same institution, which means ttiatraw material used in the
feed in the experiments are likely to have simitprality. In comparison,
producers in the real market buy feeds from diffefeed mills. The variation in
raw materials used in feed production across fedts mnay results in even
greater variation in the quality of feed used bagl neroducers compared to the
experiment scenario (Kirkwood, 2010). Assuming feed significant factor that
affects quality traits (which we will discuss iretliollowing section), it can be
expected that the variations of quality traitshe teal world are larger than those
in the experiment. The higher variation in quatitgits that we expect in the real
world has an important implication: the resultsnira quality-based pricing
scheme that builds upon the experimental data xgrecéed to be robust in the
sense that greater quality variations in the reafldvshould justify a pricing

scheme that explicitly accounts for such qualitsiatéon.

Table 4-1 Descriptive statistics of weight and yidldata that fall in the weight
range between 1.9kg to 2.35kg

N Mean St. Dev Min Max

age(days) 322 37.54 2.47 31.00 52.00
breast(g) 322 391.64 41.08 256.20 510.70
wings(g) 322 163.90 13.37 131.60 201.60
legs(g) 322 422.24 31.75 348.20 522.80
eviscerate body weight(g) 322 1300.80 93.30 1101.00 1512.80
body weight (g) 322 2132.10 133.68 1901.00 2350.00
breast yield(%) 322 30.07 1.78 22.97 35.09
wing yield(%) 322 12.61 0.74 10.74 15.90
leg yield(%0) 322 32.48 1.32 28.73 35.85
carcass Yyield(%) 322 61.00 1.77 54.64 65.83
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Figure 4-3 Distribution of breast yield within the weight range 1.90kg to

2.35kg
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Figure 4-4 Distribution of wing yield within the weight range 1.90kg to
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Figure 4-5Distribution of leg yield within the weight range 190kg to 2.35kg
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4.3.2 Biological models of quality and treatment ntaods
In this section, the relationship between qualigyt$ and dietary balanced
protein (DBP) and metabolizable energy (ME) levslexamined. There are two

guestions that will be explored in this section:

1. What is the impact of DBP and ME level on theels of the three quality traits
(yield of cut-up parts)?
2. To what extent the quality trait can be predidgtespecific scenarios?
Experiment data of 1130 Cobb Avian 48 broilers frage 21 to 56 days is
the basis of the analysis in this section. Ordinl@gst squares regression is
employed to identify the factors that affect yidddel of each cut-up part. Key
factors being examined include age, sex, pre-stditd treatment, and energy
level and protein level in feed. An explanation \driables underlying the
biological model is provided in Table 4-2 and tksults are presented in Table 4-

3.

Breast yield results

As shown in Table 4-3, age is positively relatedbt@ast yield, the
proportion of breast meat to the eviscerated boedight increases as the bird get
older. The interaction terms between average dedy intake and metabolizable
energy AMEFI) and the interaction term between average dailg fieeakes with
crude protein level@PFI) are statistically significant in the model, inglimg the
significant impact of the energy intake and proteitakes on breast yield. A
negative parameter of energy intake suggests thawver metabolizable energy

level results in higher breast yield, while the ipes parameter of protein intake
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suggests that a higher protein level increasessbgeald. However, the negative
sign of the squared term of protein intak&PEI2) indicates diminishing return
with high protein levels. Sex of chicken is stat@lly significant in the model.

The positive parameter of sex indicates that fenmlkely to have a higher

breast yield than male birds. The parameter ofinteraction term between sex
and protein level is significant and negative, ghler protein level results in lower
breast yield in the case of female birds comparedntle birds. Pre-starter

treatment is not statistically significant in thedst yield model.

Wing yield results

In the wing yield model, ageAGE) is the only significant factor. From
day 21 to 56, the growth of wing yield is negatiwedlated to age. It implies that
the growth of wings is slower than the growth o thst of the body from day 21.
Metabolizable energy and protein level, pre-staieratment, sex do not

significantly affect wing yield in this model.

Leg yield results

Similar to the wing yield model, agAGE) is a significant and negative
factor in the leg yield model. Pre-starter treattm@9 and the interaction term
between pre-starter treatment and metabolizble ggné&gvel PREAMEB are
statistically significant. Birds in high pre-starteeatment have higher leg yield
than in the low pre-starter treatment. High pretstatreatment combined with

high metabolizable energy level has a negative ainpa leg yield.
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Table 4-2 Explanation of variables in the biologicemodel

Variable explanation
Dependent
variables
Yield of cut-up parti, i=breast, wing or leg.
Yield (%)=weight of cut-up part divided by weighteviscerated
Y; carcass
Explanatory
Variable
Age of the bird when it is eviscerated. age= 21,34836,
AGE 38,42,45,49,52 and 56 days
AME Apparent metabolizable energy (kcal/g)
CP Crude protein level (%)
FI Average daily feed intake
SEX Sex of the bird (female=1, male=0)
PS Pre-starter treatment (high=1, low=0)
Interaction term between AME and Fl, indicating rggyegain from
AMEFI feed
CPFI Interaction term between CP and FI, indicatingkataf protein
CPFI2 Square of CPFI
Interaction term between Pre-starter treatment @P8)protein level
PRECP (CP)
Interaction term between Pre-starter treatment @P8)energy level
PREAME (AME)
SEXCP Interaction term between Sex (SEX) and proteinl|60P)
SEXME Interaction term between Sex (SEX) and energy IGA®IE)

Table 4-3 OLS results of the biological model

breast yield wing yield leg yield
Variable Estimated P- Estimated P- Estimated P-

Name Coefficient VALUE Coefficient VALUE Coefficient VALUE
AGE 0.127*** 0.000 -0.062*** 0.000 -0.024** 0.00
AMEFI -0.005*** 0.003 0.001 0.386 0.001 0.329
CPFI 0.313**+* 0.000 0.020 0.566 0.016 0.801
CPFI2 -0.002* 0.055 -0.0004 0.378 -0.001 0.297
SEX 2.835** 0.028 -0.734 0.165 -0.640 0.511
PS -1.108 0.612 0.824 0.358 3.387** 0.040
PREDBP -0.024 0.595 -0.026 0.159 0.041 0.228
PREAME 0.559 0.474 -0.109 0.734 -1.405** 0.017
SEXDBP -0.082** 0.065 0.024 0.194 -0.012 0.712
SEXME -0.001 0.243 0.001 0.198 0.000 0.621
CONSTANT 18.655 0.000 14.354 0.000 33.764 0.000

R- 0.478 0.429 0.090
SQUARE

Notes: *** denotes significance at the 99% of confidence;éhates significance at the 95%

of confidence; * denotes significance at the 90% of confidence.
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4.3.3 Prediction of cut-up part yield ---- Scenariespecific analysis

In order to examine the impact of different dietdargatments on the
growth rate of cut-up parts, pens that use the saombination of DBP and ME
level are treated as representative producerseand combination of DBP and
ME is treated as a specific scenario. In totalyehare fifteen scenarios in the

experiment.

An allometric model is employed next to examine ¢héup part growth
rate in each scenario. Allometric modejs={ ax?) have been used to predict
animal growth rate in many previous studies. Actwydo Fisher and Boorman
(1986), an allometric relationship exists for aagikind of animal when the graph
of In(C) againstin(P) is plotted as a straight line, whete@epresents the whole

body andP represents a part of the body.

Correlation coefficients are used for exploratomalgsis. Correlation
coefficients between the logarithm of cut up paeights and eviscerated body
weight are thus presented in Table 4-4. All cotretacoefficients are close to
one, indicating a strong linear relationship betwedbese cut up parts and

eviscerated body weight, which thus supports tleeofishe allometric function.

Table 4-4Correlation coefficient matrix of In(breast), In(wing),In(leg) and
In(bwebis) (1124 observations)

In(bwevis) | 0.99499 0.99288 0.99685

In(breast) In(wing) In(leg)
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For the purpose of this study, the allometric maafethe weight of three cut-up

parts is expressed as:

breast = A(bwevis)B.......cccviiiiii . (B.2)
wing = C(bwevis)? oo (4.3)
leg = E(bwevis)F i (404D)

wherebreast wing, leg andbwevisis the weight of breast meat, wing meat, leg

quarter and eviscerated body weight, respectively;
A,B,C,D,E andF are coefficients that describe growth rates.

The model can be converted into the following gystkat can be used to predict
yield level via dividing both sides bywevis and the three corresponding yield

models are thus:

BY = A(bwevis) BmD e, (4.5)
WY = C(bwevis) P71 e (4.6)
LY = E(bwevis) T e (4.7)

Sign and magnitude of the estimated coefficientddcbe used as an indicator of
the relationship between of eviscerated body wegyd cut-up part yield in
different scenarios. Take breast model as an exani@ <1 andA4 > 0, the first
derivative of the model would be less than zét®’ (< 0), which indicates that a
one unit of eviscerated body weight increase deeelareast meat yield (%), and

vice versa.

The above allometric models for the three cut-upsp@quation 4.2 to 4.2)
have been estimated by Zuidhof (2009) based osahee dataset and the results

are presented in Table 4-5
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Table 4-5Result of the allometric models, scenario specific

breast wing leg
Scenarios  Estimated coefficient Estimated coefficient Estiethcoefficient
ME DBP A B C D E F

94 85 0.1851 1.0656 0.2896 0.8813 0.3619 0.9848
92.5 0.1826 1.0700 0.2849 0.8845 0.3417 0.9916
100 0.1671 1.0831 0.2905 0.8005 0.3580 0.9865
107.5 0.1444 1.1041 0.3024 0.8756 0.3745 0.9804
115 0.1398 1.1090 0.3196 0.8666 0.4176 0.9647
97 85 0.1608 1.0824 0.2715 0.8893 0.3575 0.9882
92.5 0.182 1.0691 0.3201 0.8699 0.2866 1.0164
100 0.1867 1.0682 0.3291 0.8649 0.3200 1.0001
107.5 0.1924 1.0635 0.3243 0.8660 0.2705 1.0248
115 0.2253 1.0429 0.2739 0.8894 0.2602 1.0291
100 85 0.1803 1.0664 0.3049 0.8761 0.3217 1.0021
92.5 0.1743 1.0725 0.2970 0.8798 0.3431 0.9930
100 0.1638 1.0844 0.4024 0.8371 0.3812 0.9776
107.5 0.1573 1.0919 0.2632 0.8949 0.3545 0.9865
115 0.1559 1.0938 0.2828 0.8846 0.3158 1.0021

Source: Zuidhof, 2009, page 26

According to the results of the allometric modell af estimated

coefficientsB in the breast yield model are greater than 1, winmdicates that

breast yield increases as eviscerated weight isesedoefficient® in the wing

model range from 0.8 to 0.9, indicating that wiriglgy decreases as eviscerated
weight increases. Coefficienksin the leg model are closed to 1, indicating that
leg growth occurs at a similar rate than the bodyaawhole. This set of
coefficients could be applied to equation 4.5 6, 4nd used in the prediction of

cut-up part yield given the DBP and ME level andsesrated carcass weight.
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Notice that the growth model in section 4.3.1 awefficients for the
prediction of the cut-up part yield estimated irctem 4.3.2 are based on the
experiment with a certain strain of broiler (Cobbian 48). The impact of a same
feeding treatment is likely to be different acrdssiler strains (Smith and Pesti,
1998). Therefore, these results are not universabylicable to all strains and
different stains should have different feeding paogs to optimize growth and

quality.

4.3.4 Correlation and production relationships amog the three quality traits

In addition to the relationship between the threeup part yields and the
growth of the whole bird which is examined in pms section, we are also
interested in the relationship among the three uputparts. Therefore, the
correlation of the three quality traits is examirat the correlation coefficient

matrix is presented in Table 4-6.

Table 4-6Correlation coefficient matrix of three quality traits (n = 986)

Breast Yield 1

Wing Yield -0.34 1

Leg Yield -0.19 0.44 1
Breast Yield | Wing Yield Leg yield

Correlation coefficients indicate the strength bé tlinear relationship
between two variables. Correlation coefficientsgiag from 0.0 to 0.2 indicate
very weak to negligible correlation, 0.2 to 0.4igades weak or low correlation
and 0.4 to 0.7 indicates moderate correlation. ABld 4.6 shows, the linear

relationships among the three quality traits ar@akve moderate indicating no
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significant positive or negative correlation. THere, we can expect that it will
be possible for producer to get both premium alsdalint for different qualities.
As a result, the income variation that may be imduby the new pricing scheme

could be reduced to some extent.

Notice that the linear correlation of the threelgyaraits discussed above
does not necessarily correspond to their producttetionship. This is because
the producer effort related to these qualities lmamelated to various factors such
as the cost of effort, the uncertainty related &he quality, the elasticity of
demand for the qualities (Slade,1996). The productelationship of the three
gualities could be a factor based on which the nogiti magnitude of
premium/discount of the pricing scheme is desigihtmyvever, due to the lack of
data, we cannot examine the actual productionioelstiip of the three quality

traits in this thesis.

Considering these results, and the above insiglas fthe biological
model, the question now is how to combine the lgiclal growth model results
with market valuations as reflected in processwaifiingness to pay. To do this,
the following sections employ wholesale price datajdentify market value of
each cut-up part and the explicit quality incenditke chicken producers could

receive for their production process.

4.4 Price data and premium determination
In this section, wholesale prices of different aptparts are used to design

the premiums and discounts for a quality basedrischeme. An introduction
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to wholesale prices will be provided followed byamalysis of price mark-ups of
cut-up parts in section 4.4.1. The determinatiopremiums and discounts will

then be discussed in section 4.4.2.

Notice that the analysis of this section relies aoficonstant mark-up”
assumption, i.e. it assumes that the mark-up fraocgssor to producer is
identical, irrespective of the nature of the cut.other words, the value of the
mark-up of cut up parts relative to the whole cascan percentage form is
assumed constant at the production level and psoagesevel. As a result, the
price mark-up at wholesale level is used to depramiums and discounts to be

applied to the producing level.

4.4.1 Introduction of wholesale price data

Wholesale price data collected by Express Markats, (EMI) based on
actual invoice data from nine Canadian processoexcessed from the Chicken
Farmers of Canada and the Canadian Poultry and Figgessors Council.
Weekly weighted average Whole Bird Complex, Br&asmplex, Wing Complex
and Leg Complex, which are the indices measuredhees of the four major cut-
up part groups in cent per kg, are available framudry 2002 to August 2010 at
the national level. The four market complexes cquaducts sold in bulk, Air-
chilled and wet-chilled, Ice pack and Fresh. TheoWhBird Complex is the
simple average of prices of the “whole bird” gram “wog” group. The “whole
bird” group includes: whole bird < 1.36 kg, wholedo> 1.36 kg and whole bird
unsized. The “wog” group includes: wog < 1.13\wgg 1.13-1.80 kg, wog >1.80

kg and wog unsized. The Leg Complex is the simptrage of the prices of leg
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guarters, whole legs, thighs and thighs with bacldl drumsticks. The Breast
complex is the simple average of the price of “btemeat” group, “fronts” group,
whole breast and split breast. The “breast” growgdude b/s breast unsized, b/s
breast sized and tenders. The “fronts” group inetudront halves and fronts
without wing. The Wing Complex is the simple avexayf the prices of whole
wings, wings, drumettes and midjoint (Chicken Fasnmef Canada, 2011).
Descriptive statistics of the wholesale price dataresented in Table 4-7 and the

price trend is shown in Figure 4-6.

As Table 4-7 and Figure 4-6 show, breast is thetragpensive cut-up
part during most of the study period. The breasimmlex peaked at
701.40cents/kg in January 2004 and then maintaaratnd 500cents/kg for the
rest of the period. The wing complex (average weekice = 406.64 cents/kg) is
lower than breast complex but it has been graduatlying up since June 2006
and exceed the breast complex in several weeksgl€09 and 2010. The whole
bird complex and leg complex witnessed a steadyangrend during the whole
period with less variation compared to breast amdjwomplex. The leg (average
weekly price = 204.60 cents/kg) remained the categath the lowest price for

the whole period.

In the following, the concept “price mark-up” is ployed to derive the
market value of cut-up parts. The price mark-uphes price difference between
the wholesale price of the corresponding cut-upg pad the price of the whole
bird complex in the same period. It is calculagsdequation (4.8). The price

mark-up could be either greater, equal to or lkas zero. A negative price mark-
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up indicates that the market value of a particalatrup part is lower than the

whole chicken, and vice versa.
ME; = (3) = 1] X 100%..covcocecce (4.8)

whereMK is price mark-up of paifi = breast, wings or leg;

Pi is the wholesale complex of the corresponding qupart;

P is the whole bird complex.

Table 4-8 and Figure 4-7 show the price mark-ughefthree cut-up parts
from 2002 to 2010. The price mark-up of the breast wing are positive. The
breast mark-up ranged from 31% to 125% while thegwnark-up ranged from 9%
to 70%. The breast mark-up was higher than wingkrograt the beginning of the
period, but the two gradually approached to appnaxely the same level from 40%
to 60% after mid-2008. The mark-up of leg has beegative for the whole
period, indicating that the market value of chickeg is lower than the whole

bird.
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Figure 4-6 Chicken wholesale price in Canada from Al3 to A98
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Table 4-7Summary of wholesale price data

Variable N Mean  Std. Dev Min Max

whole bird complex 450 290.13 25.89 239.63 339.63
breast complex 450 473.45 63.72 349.15 703.28
wing complex 450 406.64 66.78 278.88 530.38
leg complex 450 204.60 37.10 139.37 272.52
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Figure 4-7 Price mark-up of the three cut-up partsrelative to whole chicken
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Table 4-8Summary of wholesale price mark-up

Variable N Mean Std.Dev Min Max
breast markup 450 0.6346 0.1873 0.3113 1.2497
wing markup 450 0.3949 0.1429 0.0929 0.7021

leg markup 450 -0.2993 0.0765 -0.4403 -0.1524
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4.4.2 Determination of price premiums and discourst

In a reformed pricing scheme, the market value ofitaup part is one of
the factors according to which the price premiumg discounts are determined.
The price mark-up at wholesale level, which is adigator of a cut-up part’s

market value, is introduced into our pricing schahmeugh premium parameters

Bs Bw and B,

Another important component of th#s is a weighting factor which is
based on the proportion of the cut-up part, indiddty the three fixed standards
(BY, WY andLY). These weight factors are introduced in the pg@cheme so as
to relate the premium or discount only to the cgponding cut-up part instead of
to the whole carcass. As a result, premium pararfiefier each cut-up part could

be expressed as equation 4.9 to 4.11:

Be=(MKEXBP) XBY ....ciiiiiieiie et (4.9)
Bur=(MKyy X BP) X WY ..iiiiiiie e (4.10)
BL=(MK, X BP) X LY ..ouuiiiiiii e (4.11)

Using historical price mark-up data from 2002 tal@Qcalculation of
premium for breast yield is as follow:
The premium for breast yield in dollar term equalgrice mark-up in percentage
( MKy ) times the base pric63.5% x $1.4535 = $0.9230 . Suppose the
processors’ requirement (fixed standard) on brgettl equal to average vyield
level by all producers in the period, referringhe yield data of the 30 pens, the

average breast yield level is 30.23%, tfB&h= 30.23%
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Br=MKp x BP X BY=63.5% x 1.4535 x 30.23% = 0.27

The same calculation procedure applies on the tfepremium parametefs,

ands;. Thengy, = 0.07, B, = —0.14.

As mentioned previously, how much premium a prodgets depends on
the difference between the individual performamedsgtive to fixed standard. For
example, the average breast yield of pen Bhgis 30.64%, such that the
difference from the fixed standard (which is therage of all 30 producers in our
example)BY is given byBY; — BY = 0.4047%

Then the premium per kilogram for producer one watspect to breast yield is

Bs x (BY; — BY) = $0.2276 x 0.4047% = $0.0921

4.5 Summary

In chapter four, an introduction to an absolutdgrerance pricing scheme
with fixed standards is presented. To examine ¢lasibility of introducing cut-up
part yield to the pricing scheme and to identify thuitable values for the

parameters, both biological data and economicluata been analysed.

According to the analysis based on the yield ddbtained from a
biological experiment, and the market valuatiorcattup part at the wholesale; it
appears appropriate to employ breast yield, wingklyand leg yield as the key
guality traits to be introduced into the pricindieme. This is supported due to the
following facts that: 1) Yield levels of the threat-up parts vary even if the birds
fall into the same weight range and currently neeghe same price. It implies
that quality differences in terms of yield leveearot accounted for and incentive
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for better quality are currently lacking from theigmg system; 2) Quality in
terms of yield level could be effectively contrallby the effort of producers since
yield levels are correlated to factors such as adyetbalanced protein,
metabolizable energy levels, age and so on; anthé)hree cut-up part have

different market value at the wholesale level.

Estimates of premium (discount) parameters aredoasethe price mark-
ups of the three cut-up parts over price of fresiole bird at the wholesale level.
Results of the analysis on wholesale price data ffanuary 2002 to August 2010
suggest that breast and wing have positive pricek4ma over fresh whole bird,
while leg has negative price mark-up. This suggésé$ producers should be
rewarded by higher breast yield and wing yield é&maer leg yield under the

novel pricing scheme.

Considering the formula of our novel pricing schediscussed in this
chapter and taking the estimates of parametersactount, an empirical analysis
will be conducted in the next chapter using actigderimental data. The impact
of the proposed pricing scheme on price variab#itiecting chicken producers

and processors will also be examined.
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Chapter 5 Empirical analysis and policy implication

5.1 Introduction

Following the detailed introduction to the datacimapter 4, this chapter
applies the data to a model which compares a stylstatus-quo payment scheme
with a reformed payment scheme. In the absencesaf production cost and
sufficiently disaggregated price data (prices faigroducers by processors, and
their relationship to retail prices), this modelgays simulations to estimate the
impact of the novel pricing scheme on price of lohecken paid by processors to
producers. Sensitivity analyses are conductednmlsie heterogeneity in terms
of processors’ requirement on quality, as well atetogeneity with regards to
different markets which processors may wish to estlrThe simulations abstract
from production cost heterogeneity, but this alesiba is justifiable, since it
retains the focus of the analysis on linking thekets valuation for attributes

with differential producer payments for qualityitsa

5.2 Empirical analysis: Baseline scenario

To estimate prices received by producers undendivel pricing scheme,
we make the following assumptions for the basedrenario:
1. Constant mark-up across producing and processmthat the price mark-up
on the wholesale level could be used to estimatproxpmate price
premiums/discounts;
2. There is a single processor and multiple producethe market; each pen of

the experiment represents a single hypotheticalywer;
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3. The processor’ requirement regarding averagkl yexel equals the average

yield level of all the 30 representative producers.

Recall the two steps of the quality-based paymehéme introduced in
chapter 4. A base price is determined at step ndesaconsistent with the current
pricing scheme where price is based on productost and the average weight.
Premium or discount are determined in step two r@icg to the difference
between the vyield level of a producer compared thedfixed standard set by
processor. The price formula for the novel pricioheme (equation 4.1) can now
be written as
P! = BP;+f5 X (BY; — BY) + By X (WY; = WY) + B, x (LY; = LY) ..... (5.1)
wherefz=(MKg x BP)x BY , By,=(MKy, X BP)x WY, B,=(MK, x BP) X LY

Given the above price formula, the payment for edgipothetical
producer under the novel pricing scheme can beuledérl and compared with
those payments under the current pricing schenoe thié current pricing scheme,
body weight data of birds at age 38 is used beoaiute fact that the average age
of birds that fall within target weight range (1gto 2.35kg according to Lilydale
A96) is 37.53 days in the experiment. Moreoverngslata of the birds that were
harvested at the same point in time could mininiee variation in production
costs that result from differences in productiamgk. The descriptive statistics of

the performance-related variables are presenté&dlie 5-1.
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Table 5-1 Descriptive statistics of average cut-upart yield

N Mean Std. Dev Min Max
Average weight (kg) 30 2.23 0.20 1.94 2.64
Average breast yield (%) 30 30.23 0.60 28.78 31.12
Average wing yield (%) 30 12.24 0.09 12.09 12.46
Average leg yield (%) 30 32.45 0.36 31.74 33.09

The estimation of prices under the novel pricingesoe is calculated
using Excel 2010. The performance of each repraseatproducer (measured
by BY; — BY ,WY; — WY andLY; — LY ) and the estimated premiums/discounts
specific to each cut-up part are presented in TafleAs the results show, under
the novel pricing scheme, all producers receivén ipsemium and discount for
different quality traits as expected. Premiums ahscounts received by a
particular producer could to some extent offsetaatber so that the variation in

price resulting from the new pricing scheme is disted.

Estimated prices for each producer in both prigogemes as well as the
price difference between the two prices are preskimt Table 5-3 and Figure 5-1.
Fifteen of the thirty producers get a higher puceler the novel pricing scheme,
and the premiums range from 0.36% to 1.98% of tlmeeat price. The other
fifteen producers receive a lower price rangingrfre2.58% to -0.1%. As both
higher and lower prices would result from the ngmaeting scheme, the sum of
prices paid by the processor to the 30 producejssisslightly differ from the
current one (0.1% higher), which suggests that sackcheme should meet

acceptance from industry participants. To complageprices under both schemes,
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the prices are plotted in Figure 5-2. The price liar the novel pricing scheme
varies around the current prices, indicating tihat mew pricing scheme creates
greater variation in the distribution of prices @ivto the thirty producers.

However, it would not change the mean of pricescWiaiffect the processor. This
implies a potential price risk shifting to the puogrs without changing the total

payment due from the processor.

Regarding the magnitude of the price differencds/éen the two pricing
schemes, the price change which results from thepmiging scheme ranges from
-2.58% to 1.89%. This only accounts for a very $rpabportion of the price
compared to the base price component, and sugipestsn the proposed pricing
scheme, the weight of the quality component isiB@antly smaller than the feed
component, chick component and the producer maaimponent. This indicates
that quality as modeled here has likely little urgihce on producers’ income.
Therefore, the reallocation of the weights of tley komponents, especially the

producer margin and quality incentive componergsgdve further scrutiny.
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Table 5-2Payment under the novel pricing scheme, baselineetario

. Breast . Wing . Leg Price in
Producer BY;—BY  premium wy;, - wy premium LY, - L premium novel
($/kg) ($/kg) ($/kg) scheme

1 0.4047 0.0092 -0.0563 -0.0004 -0.2397 0.0025 1.4648
2 0.5197 0.0118 0.0039 0.0000 -0.4708 0.0048 1.4702
3 0.4767 0.0109 -0.0005 0.0000 -0.1936 0.0020 1.4663
4 0.5757 0.0131 -0.1106 -0.0007 0.2278 -0.0023 1.4136
5 0.3927 0.0089 -0.1183 -0.0008 -0.0904 0.0009 1.4626
6 -0.2813 -0.0064 0.0729 0.0005 0.3788 -0.0039 1.4437
7 0.0667 0.0015 -0.0168 -0.0001 -0.4356 0.0045 1.4594
8 0.5417 0.0123 -0.0088 -0.0001 -0.5264 0.0054 1.4712
9 0.1087 0.0025 0.0241 0.0002 -0.2607 0.0027 1.4588
10 0.3547 0.0081 -0.0292 -0.0002 -0.3151 0.0032 1.4646
11 0.3257 0.0074 -0.1015 -0.0007 -0.0497 0.0005 1.4108
12 0.4147 0.0094 -0.0334 -0.0002 -0.0604 0.0006 1.4134
13 0.3967 0.0090 0.0277 0.0002 -0.4715 0.0049 1.4676
14 -1.2443  -0.0283 -0.1267 -0.0008 0.6378 -0.0066 7841

15 -0.6893 -0.0157 0.0037 0.0000 0.4339 -0.0045 1.3834
16 -0.9483 -0.0216 0.0009 0.0000 0.1084 -0.0011 1.4308
17 -0.7563 -0.0172 0.1055 0.0007 0.0137 -0.0001 1.4368
18 -0.2413  -0.0055 0.1743 0.0011 -0.3713 0.0038 1.4529
19 0.6327 0.0144 -0.0798 -0.0005 -0.0472 0.0005 1.4179
20 -0.0463 -0.0011 0.1592 0.0010 0.0813 -0.0008 1.4026
21 0.8887 0.0202 -0.0177 -0.0001 -0.7103 0.0073 1.4809
22 -1.4543 -0.0331 0.2163 0.0014 0.5562 -0.0057 1.4161
23 -0.5693 -0.0130 0.1453 0.0009 0.0504 -0.0005 1.4409
24 0.8117 0.0185 -0.0380 -0.0002 -0.0307 0.0003 1.4721
25 0.2597 0.0059 -0.1534 -0.0010 0.4879 -0.0050 1.4534
26 0.0497 0.0011 0.0728 0.0005 0.4035 -0.0042 1.4009
27 -0.6373  -0.0145 0.0109 0.0001 0.3077 -0.0032 1.3859
28 -0.0423 -0.0010 -0.0270 -0.0002 0.1989 -0.0020 340

29 0.1107 0.0025 -0.0444 -0.0003 0.4984 -0.0051 1.4006
30 -0.4223  -0.0096 -0.0552 -0.0004 -0.1115 0.0012 4744
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Table5-3 Comparison of prices under the two schemes

Producer Price under old Price under novel Differences between
scheme scheme pricing schemes
($/kg) ($/kg) (base=price under
current scheme)
1 1.4535 1.4648 0.78%
2 1.4535 1.4702 1.15%
3 1.4535 1.4663 0.88%
4 1.4035 1.4136 0.72%
5 1.4535 1.4626 0.63%
6 1.4535 1.4437 -0.68%
7 1.4535 1.4594 0.41%
8 1.4535 1.4712 1.22%
9 1.4535 1.4588 0.36%
10 1.4535 1.4646 0.77%
11 1.4035 1.4108 0.52%
12 1.4035 1.4134 0.70%
13 1.4535 1.4676 0.97%
14 1.4535 1.4178 -2.46%
15 1.4035 1.3834 -1.43%
16 1.4535 1.4308 -1.56%
17 1.4535 1.4368 -1.15%
18 1.4535 1.4529 -0.04%
19 1.4035 1.4179 1.02%
20 1.4035 1.4026 -0.06%
21 1.4535 1.4809 1.89%
22 1.4535 1.4161 -2.58%
23 1.4535 1.4409 -0.86%
24 1.4535 1.4721 1.28%
25 1.4535 1.4534 -0.01%
26 1.4035 1.4009 -0.18%
27 1.4035 1.3859 -1.25%
28 1.4035 1.4003 -0.23%
29 1.4035 1.4006 -0.21%
30 1.4535 1.4447 -0.61%
Total 43.1050 43.1050 0.00%
payment
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Figure5-1 Price differences of the two pricing schaes
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5.3 Sensitivity analysis

For the purpose of simplification, several assuonsihave been made for
the baseline scenario discussed in the previousoee¢irstly, there is only one
fixed standard for each cut-up part yield levBY (WY, LY), which implies that
there is only one representative processor in tlaeken or there are multi
processors who have same requirement for quaditist+ we call this thesingle
processor assumptioh Secondly, there is only one value for edh, WY;
and LY;, which implies that the performance of each preduis constant
irrespective of whether the grower operates underotd or the new pricing. We
label this as theconstant performance assumptiohh Thirdly, in the baseline
scenario, there is only a constant value for eaelmum paramete, and such
values are based on the average price marlMiiy M K,,, MK;) at the wholesale
level. This indicates that we assume that all pcedsiand processors are facing a
single market, so that values/price mark-ups ofupuparts ¥ Kz MK,,, MK, ) are

constant. We call this thesihgle market assumptiori.

In this section, we will relax these assumptiond examine the impact of
the key variables in the proposed pricing schemecbyducting sensitivity
analyses. To do this, we employ the approachesing®ea previous studies, both

of which estimate the potential economic impaat@iv transgenic technologies.

The first one is the study by Alston et al. (200&pich estimates the
potential benefits from the corn rootworm resistaansgenic corn technology

(CRW-resistant transgenic corn technology). Usinggagtial budgeting approach
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they estimate the per-acre net benefits of CRWstasi transgenic corn, relative
to conventional CRW control technologies. Sengitignalysis is then conducted
to show how the benefits from adoption depend gnveiables. Three scenarios
- the high, moderate and low corn rootworm presswaee assumed to represent
different level of damage rating. Yield and farredeincome in each scenario are

estimated and compared in the analysis.

The second study which we follow is a paper on tiealdy modified rice
by Bond, Carter, and Farzin (2005). Partial-budgptipproach is also employed
in this study to estimate the potential net ecomogrower benefits associated
with the adoption of one cultivar of GM rice in @afnia. In the sensitivity
analysis, Bond et al. (2005) not only use the det@stic approach in different
scenarios, but also use the stochastic approacltobgucting Monte Carlo
simulations after specifying probability distribatis for the key variables of
interest. Thereby, not only heterogeneity of kegaldes is captured, but also the

distribution of the benefits of the adoption of tiev technology can be described.

Following these studies, we employ both determimisind stochastic
approaches for the sensitivity analyses, by varyhey key components in the
pricing formula (equation 5.1). The following sects outline first how
deterministic and stochastic are implemented in d¢betext of the proposed

pricing scheme, before presenting the simulaticnlts.
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5.3.1 Deterministic Sensitivity Analysis

Relax single processor assumption

In the deterministic sensitivity analysis, we firstax the single processor
assumption by deterministically varying the averéiged standard of the three
quality traits BY, WY,LY). In other words, processors are now assumed to be
heterogeneous and have different fixed standagtrdeng quality traits. We are
trying to explore to what extent the price paigptoducers will be affected by the
change in processors’ requirements in terms ofeaip quality trait. Three new
parameterséfg, 6y, 0, are generated to represent the change in terms of
BY,WY,LY respectively. Assuming that there is a processbo Wwas stricter
requirement for breast yield and he sets the figeshdard of breast yield 1%
higher, therf; will be 1+1%=1.01, such that the new fixed stadd®’ = 05 x

BY=1.01BY

Introducing@p into the payment scheme, the payment for produ@¥)

becomes

P! = BP, + B} x (BY; — BY') + By x (WY; — WY) + B, x (LY; — LY) ....(5.2)

where B = (MKg X BP) X 0 X BY =05 X g wevveeiiaeiieiiiaee e, (5.3)
BY' = O XBY ccoiiiiiiiie 00 (B14)
The effect of increasing the fixed standard of breg#eld can be illustrated

in Figure 5-3, where the vertical axis represemésgremium a producer gets from

breast yield; the horizontal axis represents ayeds breast yield level. Lines
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Lo , L; andL, are defined as the premium line in different scesaand the slope

of the premium line equals to the absolute valugmefunit premium/discouifis.

There are two main effects result from changing fiked standard of
breast yield BY). First, it affects the magnitude of premium paetens (unit
parametersf. According to equation (5.3§; is positively correlated with the
absolute value g83; , which essentially drives the change in premidistount
level. This indicates that a processor who haststrirequirement on a specific
quality trait is likely to offer a higher premiung) for those producers who have
better performance (higher discount for those pteda who have worse
performance). We call this effect thédnus effect (BE). In Figure 5-3, the
bonus effect of increasing the breast yield fixehdard results in an increase in
the slope of the premium line and causes it totedt@m L, to L,. The premium

received by producerincreases fror®remium o to Premium ;.

Figure 5-3 Effect of changing fixed standard

Premiumon
breastyield

Premium 1

Premium 0

Premium 2

Beast yield
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Second, another component that is affected by ikesl fstandards is the
measurement of the performance of produceamely(BY; — BY), (WY; — WY)
and(LY; — LY). A higher level ofBY, WY and lower level ofY indicate stricter
requirements by processors and thus have a downgratfect on the evaluation
on the performance with regard to the correspondinglity trait. We call this
effect the tvaluation effect (EE), which is negatively correlated with payment
As Figure 5-3 shows, the evaluation effect of ahbigfixed standard in terms of
breast yield causes the premium price to shifbéoright toL,. The premium paid

to producer declines t®Premium ,.

As the bonus effect and the evaluation effect aff@aymentp; in different
directions, the total effect of changing a fixedngtard depends on the sum of the
two effects. Continuing with the previous examplaewe BY varies, suppose
there is a processor who has stricter requirementbreast yield and sets the

fixed standar®Y’ = 6 x BY, 65 > 1, then
P/ = BP, + Bp; X (BY; — BY') + By X (WY; — WY) + B; X (LY; — LY)

The total effect of changing fixed standaBd equals to the sum of the bonus

effect and the evaluation effect (equation 5.5).
TE = BEgy(4) + EERp (=) v oo e, (5.5)

Also, the total effect is reflected in the diffecenin payment before and after the

pricing scheme change. L&P; denotes the difference betwenandP; then
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= [BP; + By x (BY; = BY') + By x (WY; = WY) + B, x (LY; — L¥)]
— [BP;+f5 X (BY; — BY) + By x (WY; = WY) + B,
x (LY; — LY)]
= B x (BY; — BY') — B x (BY; — BY)
= 05 X Bg X (BY; — 63 X BY) — By x (BY; — BY)
= 0 X Bg X BY; — 03° X Bg; X BY — By X BY; + B x BY
= (65 — 1) x Bg X BY; — (65> — 1) X Bz x BY
= (0 —1) X By xBY;— (05 —1) x (65 +1) X By X BY
= (65 — 1) X B X [BY; — (63 + 1)BY]
Becausef; > 1, and sincédz —1 > 0, the price mark-up of breast meat is
positive, sofp>0, therefore wheBY; — (05 + 1)BY <0 , AP; <0, and vice
versa. In other words, whe¥; > (85 + 1)BY, the evaluation effect exceeds the
bonus effect (EE<BE), an increase in breast yieledf standar@®Y increases the

price received by producerand vice versa.

Notice thatf; is greater than one as we assumed the processoa ha
stricter requirement on breast yield than in theebae scenario. As a result, only
when BY; > 2BY (the breast yield level of a particular producetwice as high
as the fixed standard), the bonus effect exceezlsvhluation effect. Referring to
the yield data obtain from the biological experitemhere the maximum breast
yield level (39.09%) is no more than 1.6 times kigthan the minimum breast
yield (22.97%), we expect that the evaluation effeom changing the fixed

standard to be stronger than the bonus effect ist wiothe cases. A stricter fixed
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standard set by processors is likely to resultricgreductions for all producers in

the biological experiment.

Consider this situation from the producers’ perfipec and suppose a
producer is facing two processors, one of them adtggher breast yield fixed
standard and offers a lower price, while the otets a lower fixed standard and
offers a higher price. It is obvious that the progtuwill choose to contract with
the former processor as he can get a higher pioce less effort. Therefore, under
the novel pricing scheme, it is not realistic fopracessor to solely increase the
fixed standard for a specific quality trait withalgcreasing the fixed standards of
other quality traits or providing other source otentive that could result in

bonus effect to offset the down-grading effect.

For simplicity, we will keep the fixed standards ather quality traits at
the baseline level, and further examine the efééathanging the price mark-up

component.

Relaxing the single processor and single market agsption

To further investigate the impact of introducingtdregeneity into the
payment scheme, we are relaxing one more assumptiomhe single market
assumption. We assume that there are differentepsaocs who have different
requirements for quality, and that each processdacding different markets. In
those markets, values of cut-up parts are differéat is to say, there will be
different values for each price mark-ud Kz, MKy, MK, ), reflecting differences

in terms of consumers’ willingness to pay. We gateranother three new
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parameterdg, A, andA to represent the variation MKy, MK,,, MK;. Suppose
the processor in our previous example is facingagket where the price mark-up
of breast mea/K;"" is higher than in the baseline scendfikiy, thenMK;'' can
be expressed ddK; = Az X MKy, whereiz > 1. It follows that the price for

producer (P;") can be expressed as

Pi” = BPC + ,81;’,1' X (BYl - BVY,) + ﬁWi X (WYl - WY) + ﬁLi X (LYI - W) (57)

where
gl' = (MKBHXBP) XBAYJ,: /‘IB X MKB X BP X 03 X BVY = AB X 93 X ﬁBi (58)

ANdBY' = O X BY ooiiiiii et (519)

Figure 5-4 Effect of changing both fixed standard ad price mark-up
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The change iMKz, MKy,andMK, only affect the magnitude 6%, Sy
and B, . Therefore, the change in price mark-up only tssuh the bonus
effect(BEyk,). A processor is thus anticipated to pay a higitemium (bonus)

for better performance as well as symmetric higligscount for worse
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performance when the market value/ price mark-uguch cut-up part is higher.
As show in Figure 5-4, an increase in the pricekaugr in terms of breast meat
causes the premium line rotate frémto L;. The premium paid to producer

increases fronpremium, to premiums.

Since changing the breast yield fixed stand#¥chas both a bonus effect
(BEgy) and an evaluation effe€EEzy) , the total effect of relaxing the single
processor and single market assumption is the guhedonus effect caused by
the changes in both average yield standard and prark-up of each cut-up part,
and the evaluation effect caused by the changagarage yield standard.

TE' = BEgy(+) + BEyg, (+) + EEgp (=) cveeaeeeeoeiieeiaiienens (5.10)

Let AP; denote the price difference between the basetieeasio and the scenario
where both “single market assumption” and “singtecpssor assumption” are
relaxed.

AP = P! = Py (B110)
= [BF: + Byi X (BY; = BY') + By X (WY; = WY) + B x (LY; — LY)]
— [BPe+fpi X (BY; = BY) + By x (WY; = WY) + By,
x (LY; — LY)]
= Pgi X (BY; — BY') — Bg; x (BY; — BY)
= A X 05 X Bg; X (BY; — 05 X BY) — Bg; x (BY; — BY)
= Ag X O X Bg; X BY; — Ag X 03° X Bg; X BY — Bg; X BY; + Bg; X BY
= (6 — 1) X Bg; X BY; — (A5 X 85" — 1) X fBp; X BY

= Bgi X [BY; X (A5 X 05 — 1) — (A5 x 65> — 1) x BY]

91



As long as price mark-up of breast meat is positfse >0, whenBY; x

(ABXGBZ—l)

2 — ~
(AB X HB - 1) - (AB X eB - 1) X BY > O'BY; > BY (ABXQB—l)

, thenAP; > 0.

The bonus effect exceeds the evaluation effect B> an increase in breast

yield fixed standard BY ) and the price mark-ugM(K) increases the payment

2_
received by producer i, and vice versa. In Figurd, By x Pex0s-1)
(Apx0p-1)
corresponds to the poilY*, when a breast yield of a producer is greater

thanBY*, the premium he receives will be greater than libseline scenario.

(ABXQBZ—I)

Therefore, we can consid&Y* = BY X
(ABXGB—l)

as a critical value, the

possible consequence of increas®ly and MK, is that the producers whose
breast yield performance is higher than the ciitiGdue will benefit from the
changes as they get a higher price than the basstenario while the producers

whose breast yield level is lower than the criticaue will be worse off.

5.3.2 Deterministic Results

By using the yield data of the 30 experimental penses in the scenarios
where processors have different requirements foupyart yield are simulated.
In each scenario, the fixed standard of a particclé&up part varies by a certain
percentage while the fixed standards of other puparts are kept at the baseline
level. Based on the percentages of standard dewiatver the mean yield level
obtained in the biological experiment, which aré8%, 0.74% and 1.11% for
breast yield, wing yield and leg yield respectivehe percentages of the changes
in the deterministic analysis are set as -2%, -04%, +0.5%, +1% and +2%.
The fixed standards after the change are presemieable 5-4.
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Table 5-4 Value of average cut-up part yields at ffierent levels

Cut-up Value of fixed standard
part

-2% -1% -0.5% baseline 0.5% 1% 2%
)k:ir(-?lgSt 0.2963  0.2993  0.3008  0.3023 0.3038  0.3053  0.3083
;‘?'e”lg 0.1200 01212  0.1218 0.1224 0.1230  0.1236  0.1248
';igl g 0.3180  0.3213  0.3229  0.3245 0.3261  0.3277  0.3310

The simulation is conducted via the “What If” commaby Excel 2010.
Percentage changes in price over the baseline risgceara shown in Table 5-5 to
5-7 respectivelyAs expectedprices that paid to all 30 hypothetical producers
increase when the fixed standard of breast yieldl wimg yield decreases, and
when the fixed standard of leg yield increases.sTihdicates that for the 30
producers in our model, the evaluation effeateeds the bonus effect of changing
BY, WY, LY by -2%, -1%,-0.5%, +0.5%, +1% and +2%. Comparting price
change induced by a 1% change of eacBYoiVY, LY, price appears to be most
sensitive taBY as a 1% change BY results in about -0.058% change in price,
followed byLY with a 0.03% change in price. Price is the leasisiive for the

fixed standard of wing yield compared to the othgo cut-up parts as price

change is only around -0.006%.

The price difference from the baseline scenaradsge presented in Figures
5-5 to 5-7. The figures illustrate that varyiBg, WY,LY does not significantly
change the shape of the price line but resultimand or downward shifts. This

suggests that holding the group composition unob@ngarying the3Y, WY, L
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do not significantly change the distribution of pagnts over the baseline scenario;
rather, it changes the total payment that processeed to pay. For those
processors who set a stricter requirement on afgpeat-up part yield, the total
payment are likely to decline, because the stristandard downgrades the
evaluation of producers’ performance. However, igsussed in the last section,
without decreasing the fixed standards of othelityutraits or providing higher
unit premiums, the producers are likely to switglother processor who requires

a lower quality.
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Table 5-5 Percent change in price and total paymermtver baseline scenario
result from varying the breast yield fixed standard

Producer Percent change in price over baseline scaio
change in breast yield fixed standard
-2% -1% -0.5% 0.5% 1% 2%
1 0.1120% 0.0561% 0.0284% -0.0287% -0.0573% -0.1166%
2 0.1115 0.0559 0.0283 -0.0286 -0.0570 -0.1161
3 0.1117 0.0560 0.0283 -0.0287 -0.0571 -0.1163
4 0.1153 0.0578 0.0293 -0.0296 -0.0590 -0.1201
5 0.1121 0.0562 0.0284 -0.0287 -0.0573 -0.1167
6 0.1148 0.0576 0.0291 -0.0294 -0.0587 -0.1195
7 0.1133 0.0568 0.0288 -0.0291 -0.0580 -0.1180
8 0.1114 0.0559 0.0283 -0.0286 -0.0570 -0.1160
9 0.1132 0.0567 0.0287 -0.0290 -0.0579 -0.1178
10 0.1122 0.0562 0.0285 -0.0288 -0.0574 -0.1168
11 0.1163 0.0583 0.0295 -0.0298 -0.0595 -0.1211
12 0.1159 0.0581 0.0294 -0.0297 -0.0593 -0.1207
13 0.1120 0.0561 0.0284 -0.0287 -0.0573 -0.1166
14 0.1188 0.0595 0.0301 -0.0304 -0.0607 -0.1234
15 0.1207 0.0605 0.0306 -0.0309 -0.0617 -0.1255
16 0.1175 0.0589 0.0298 -0.0301 -0.0600 -0.1222
17 0.1167 0.0585 0.0296 -0.0299 -0.0596 -0.1214
18 0.1146 0.0574 0.0291 -0.0294 -0.0586 -0.1192
19 0.1150 0.0577 0.0292 -0.0295 -0.0589 -0.1198
20 0.1179 0.0591 0.0299 -0.0302 -0.0603 -0.1227
21 0.1100 0.0551 0.0279 -0.0282 -0.0563 -0.1146
22 0.1196 0.0599 0.0303 -0.0306 -0.0611 -0.1243
23 0.1160 0.0581 0.0294 -0.0297 -0.0593 -0.1206
24 0.1104 0.0553 0.0280 -0.0283 -0.0565 -0.1150
25 0.1127 0.0565 0.0286 -0.0289 -0.0576 -0.1173
26 0.1175 0.0589 0.0298 -0.0301 -0.0601 -0.1223
27 0.1204 0.0604 0.0305 -0.0309 -0.0615 -0.1252
28 0.1179 0.0591 0.0299 -0.0302 -0.0603 -0.1227
29 0.1173 0.0588 0.0298 -0.0301 -0.0600 -0.1221

30 0.1154 0.0578 0.0293 -0.0296 -0.0590 -0.1200
total payment  0.1150 0.0576 0.0292 -0.0295 -0.0588 -0.1197
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Table 5-6 Percent change in price and total paymermtver baseline scenario
result from varying the wing yield fixed standard

Producer Percent change in price over baseline scenario

change in wing yield fixed standard

2% 1% -0.5% 0.5% 1% 2%

1 0.0116%  0.0058%  0.0030%  -0.0030%  -0.0059% -0.0121%
2 00116 00057 00029  -00030  -0.0058  -0.0120
3 00116 00057 00029  -00030  -0.0058  -0.0121
4 00121 00060 00031  -00031  -0.0061  -0.0126
5 00117 00058 00030  -0.0030  -0.0059  -0.0122
6 00115 00057 00029  -00030  -0.0058  -0.0120
7 00116 00057 00029  -00030  -0.0059  -0.0121
8 00116 00057 00029  -0.0030  -0.0058  -0.0121
9 00116 00057 00029  -00030  -0.0058  -0.0120
10 00116 00057 00029  -00030  -0.0059  -0.0121
11 00121 00060 00031  -00031  -0.0061  -0.0126
12 00120 00060 00031  -00031  -0.0061  -0.0125
13 00115 00057 00029  -00030  -0.0058  -0.0120
14 00117 00058 00030  -0.0030  -0.0059  -0.0122
15 00120 00060 00031  -00031  -0.0061  -0.0125
16 00116 00058 00029  -00030  -0.0059  -0.0121
17 00115 00057 00029  -00030  -0.0058  -0.0120
18 00114 00057 00029  -00029  -0.0058  -0.0119
19 00121 00060 00031  -00031  -0.0061  -0.0126
20 00118 00059 00030  -00030  -0.0060  -0.0123
21 00116 00057 00029  -0.0030  -0.0058  -0.0121
22 00114 00057 00029  -00029  -0.0058  -0.0119
23 00115 00057 00029  -00029  -0.0058  -0.0119
24 0.0116 00057 00029  -00030  -0.0059  -0.0121
25 00117 00058 00030  -0.0030  -0.0059  -0.0122
26 00119 00059 00030  -00031  -0.0060  -0.0124
27 0.0120 00059 00030  -00031  -0.0061  -0.0125
28 00120 00060 00031  -0.0031  -0.0061  -0.0125
29 00121 00060 00031  -00031  -0.0061  -0.0125
30 0.0117 00058 00030  -00030  -0.0059  -0.0121
p;}‘,’:ﬁém 0.0117 0.0058 0.0030  -0.0030  -0.0059  -0.0122
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Table 5-7 Percent change in price and total paymernver baseline scenario
result from varying the leg yield fixed standard

Producer Percent change in price over baseline scenario

change in leg yield fixed standard

-2% -1% -0.5% 0.5% 1% 2%
1 -0.0622% -0.0310% -0.0158% 0.0159% 0.0316% 0.0647%
2 -0.0626 -0.0312 -0.0159 0.0160 0.0318 0.0651
3 -0.0621 -0.0309 -0.0158 0.0159 0.0315 0.0646
4 -0.0635 -0.0316 -0.0161 0.0163 0.0323 0.0661
5 -0.0619 -0.0308 -0.0157 0.0159 0.0315 0.0644
6 -0.0611 -0.0304 -0.0155 0.0157 0.0311 0.0636
7 -0.0626 -0.0312 -0.0159 0.0160 0.0318 0.0651
8 -0.0627 -0.0312 -0.0159 0.0161 0.0318 0.0652
9 -0.0623 -0.0310 -0.0158 0.0160 0.0316 0.0648
10 -0.0623 -0.0310 -0.0158 0.0160 0.0317 0.0648
11 -0.0640 -0.0319 -0.0162 0.0164 0.0325 0.0666
12 -0.0640 -0.0319 -0.0163 0.0164 0.0325 0.0667
13 -0.0626 -0.0312 -0.0159 0.0161 0.0318 0.0651
14 -0.0607 -0.0303 -0.0154 0.0156 0.0309 0.0633
15 -0.0632 -0.0315 -0.0160 0.0162 0.0321 0.0658
16 -0.0617 -0.0307 -0.0157 0.0158 0.0313 0.0642
17 -0.0618 -0.0308 -0.0157 0.0159 0.0314 0.0644
18 -0.0625 -0.0311 -0.0159 0.0160 0.0317 0.0650
19 -0.0640 -0.0319 -0.0162 0.0164 0.0325 0.0666
20 -0.0638 -0.0318 -0.0162 0.0164 0.0324 0.0664
21 -0.0630 -0.0314 -0.0160 0.0161 0.0320 0.0655
22 -0.0609 -0.0303 -0.0155 0.0156 0.0310 0.0634
23 -0.0617 -0.0308 -0.0157 0.0158 0.0314 0.0643
24 -0.0617 -0.0308 -0.0157 0.0158 0.0314 0.0643
25 -0.0608 -0.0303 -0.0154 0.0156 0.0309 0.0634
26 -0.0632 -0.0315 -0.0160 0.0162 0.0321 0.0658
27 -0.0635 -0.0316 -0.0161 0.0163 0.0323 0.0661
28 -0.0636 -0.0317 -0.0161 0.0163 0.0323 0.0662
29 -0.0630 -0.0314 -0.0160 0.0162 0.0320 0.0656
30 -0.0620 -0.0309 -0.0157 0.0159 0.0315 0.0646
total -0.0625 -0.0311 -0.0159 0.0160 0.0318 0.0650
payment
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Figure 5-5 Percent change in price result from vamng the breast yield fixed

standard
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Figure 5-6 Percent change in price result from varyng the wing yield fixed

standard
0.0150
0.0100
LR NN NN ] —2%
(O] e T o aoao e T R P e D aamaem e e,
o 0.0050 _——— 1%
® -_— e an o e G Ed o S o an e e o
S - = -0.50%
£ 0.0000 - emm———————— baseli
3 1357911131517 192123252729 acelne
D) - e ® 0,
Q -0.0050 0.50%
L e D T G e D C— e
-— «]0p
-0.0100 _— e 20
—_— T P T e P e,
-0.0150
Producer

98



Figure 5-7 Percent change in price result from varyng the leg yield fixed

standard
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Next, we explore the impact of relaxing the singiarket assumption by
deterministically varying the price mark-up compon@/ Ky, MK,,, MK;) of the
pricing system by 1% 20%, 30% and 40%. Similati analysis with respect to
BY,WYand LY, the percentage changesMKjy, MKy,, MK, are set according to
the percentage of their standard deviations tontkan values. For comparison
purposes, a 1% change in the price mark-up of eathp part is also considered
SO as to compare the impact of varying the fixexhdards of the yield level.
Since the impacts are symmetric by minus or plassime ratio of price mark-up,
only the result of increasing the price mark-upeath cut-up part are presented.
Values of varying price mark-ups are shown in Tabi8 and results of the
deterministic analysis with respect to the threleuguparts are presented in Table

5-9 to 5-11 and Figure 5-8 to 5-10.
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As the results show, the total payments in eaclmasce have hardly
changed after varying price mark-ups (Table 5-9-tdl). The change in the price
mark-up only affects the distribution of paymenig(fFe 5-8 to 5-10). A higher
price mark-up results in higher prices for the jpeEts whose performance is
above average, and lower prices for those whoderpance is below average.
Compared the three cut-up parts, price appear tmds sensitive to changes in

the price mark-up of breast followed by leg andgvin

Compared to the deterministic analysis with respethe fixed standards,
price is relatively insensitive to cut-up part grimark-up changes. For example,
the price change for producer 1 driven by a 1%sase in price mark-up of breast
meat is around 0.008% while the value is 0.57% wtien breast yield fixed
standard increase by the same percentage. Howesbkguld be emphasized that
the change in fixed standards is subject to tecuichl constraints as well as the
biological characteristics of chicken such as batyucture and genetics.
Therefore, even a 1% change in yield could be dansd as a significant change.
Moreover, the standard deviations of the yield d@aid the price data suggest that
price mark-up is much more flexible than yield, tbat a 1% change in price

mark-up could be considered as a minor changeharsdhas less impact on price.

Table 5-8 Value of cut-up part price mark-up at diferent levels

Cut-up part Value of price mark-up
price mark-up Baseline 1% 20% 30% 40%
Breast 0.6346 0.6409 0.7615 0.8250 0.8884
Wing 0.3949 0.3988 0.4739 0.5134 0.5529
Leg -0.2993 -0.3023 -0.3592 -0.3891 -0.4190
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Table 5-9 Percent change in price and total paymenesult from varying the
breast price mark-up

Producer Percent change in price over baseline scenario

change in breast meat price mark-up

1% 20% 30% 40%
1 0.0008% 0.0157% 0.0235% 0.0314%
2 0.0010 0.0201 0.0301 0.0402
3 0.0009 0.0184 0.0277 0.0369
4 0.0011 0.0230 0.0345 0.0461
5 0.0008 0.0152 0.0228 0.0304
6 -0.0005 -0.0106 -0.0160 -0.0213
7 0.0001 0.0027 0.0041 0.0054
8 0.0010 0.0209 0.0314 0.0418
9 0.0002 0.0043 0.0065 0.0087
10 0.0007 0.0138 0.0206 0.0275
11 0.0007 0.0131 0.0197 0.0262
12 0.0008 0.0166 0.0250 0.0333
13 0.0008 0.0154 0.0231 0.0307
14 -0.0024 -0.0477 -0.0716 -0.0954
15 -0.0014 -0.0273 -0.0409 -0.0545
16 -0.0018 -0.0363 -0.0544 -0.0726
17 -0.0014 -0.0289 -0.0433 -0.0578
18 -0.0005 -0.0091 -0.0136 -0.0182
19 0.0013 0.0253 0.0379 0.0506
20 -0.0001 -0.0017 -0.0025 -0.0033
21 0.0017 0.0342 0.0513 0.0684
22 -0.0028 -0.0558 -0.0837 -0.1116
23 -0.0011 -0.0217 -0.0326 -0.0434
24 0.0016 0.0313 0.0469 0.0625
25 0.0005 0.0101 0.0152 0.0203
26 0.0001 0.0021 0.0032 0.0043
27 -0.0013 -0.0252 -0.0378 -0.0504
28 -0.0001 -0.0015 -0.0023 -0.0030
29 0.0002 0.0046 0.0069 0.0091
30 -0.0008 -0.0161 -0.0241 -0.0321
Total 0.0000 0.0002 0.0002 0.0003
payment
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Table 5-10 Percent change in price and total paymeémnesult from varying the

wing price mark-up

Producer Percent change in price over baseline scatio
change in wing price mark-up
1% 20% 30% 40%

1 0.0000% -0.0005% -0.0007% -0.0010%
2 0.0000 0.0001 0.0001 0.0002
3 0.0000 0.0000 0.0001 0.0001
4 -0.0001 -0.0011 -0.0016 -0.0021
5 -0.0001 -0.0011 -0.0016 -0.0022
6 0.0000 0.0008 0.0011 0.0015
7 0.0000 -0.0001 -0.0002 -0.0002
8 0.0000 0.0000 -0.0001 -0.0001
9 0.0000 0.0003 0.0004 0.0006
10 0.0000 -0.0002 -0.0004 -0.0005
11 0.0000 -0.0010 -0.0015 -0.0019
12 0.0000 -0.0003 -0.0004 -0.0006
13 0.0000 0.0003 0.0005 0.0006
14 -0.0001 -0.0012 -0.0018 -0.0024
15 0.0000 0.0001 0.0001 0.0002
16 0.0000 0.0001 0.0001 0.0001
17 0.0001 0.0011 0.0016 0.0021
18 0.0001 0.0017 0.0026 0.0035
19 0.0000 -0.0008 -0.0011 -0.0015
20 0.0001 0.0016 0.0025 0.0033
21 0.0000 -0.0001 -0.0002 -0.0003
22 0.0001 0.0021 0.0032 0.0043
23 0.0001 0.0015 0.0022 0.0029
24 0.0000 -0.0003 -0.0005 -0.0006
25 -0.0001 -0.0014 -0.0022 -0.0029
26 0.0000 0.0008 0.0012 0.0016
27 0.0000 0.0002 0.0002 0.0003
28 0.0000 -0.0002 -0.0003 -0.0004
29 0.0000 -0.0004 -0.0006 -0.0008
30 0.0000 -0.0005 -0.0007 -0.0010

Total 0.0000 0.0000 0.0001 0.0001

payment
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Table 5-11 Percent change in price and total paymeémnesult from varying the
leg price mark-up

Producer Percent change in price over baseline scaiio
change in leg price mark-up
1% 20% 30% 40%
1 0.0002% 0.0047% 0.0070% 0.0094%
2 0.0005 0.0092 0.0137 0.0183
3 0.0002 0.0038 0.0057 0.0076
4 -0.0002 -0.0045 -0.0068 -0.0091
5 0.0001 0.0018 0.0027 0.0036
6 -0.0004 -0.0073 -0.0110 -0.0147
7 0.0004 0.0085 0.0127 0.0170
8 0.0005 0.0102 0.0154 0.0205
9 0.0003 0.0051 0.0076 0.0102
10 0.0003 0.0061 0.0092 0.0123
11 0.0001 0.0010 0.0015 0.0021
12 0.0001 0.0012 0.0019 0.0025
13 0.0005 0.0092 0.0138 0.0184
14 -0.0006 -0.0124 -0.0186 -0.0248
15 -0.0004 -0.0087 -0.0131 -0.0174
16 -0.0001 -0.0021 -0.0031 -0.0042
17 0.0000 -0.0002 -0.0004 -0.0005
18 0.0004 0.0072 0.0109 0.0145
19 0.0000 0.0010 0.0015 0.0020
20 -0.0001 -0.0016 -0.0024 -0.0032
21 0.0007 0.0138 0.0207 0.0276
22 -0.0005 -0.0108 -0.0162 -0.0216
23 0.0000 -0.0009 -0.0014 -0.0019
24 0.0000 0.0006 0.0009 0.0013
25 -0.0005 -0.0094 -0.0142 -0.0189
26 -0.0004 -0.0081 -0.0121 -0.0162
27 -0.0003 -0.0062 -0.0092 -0.0123
28 -0.0002 -0.0040 -0.0060 -0.0079
29 -0.0005 -0.0100 -0.0150 -0.0200
30 0.0001 0.0022 0.0033 0.0044
Total 0.0000 0.0000 0.0000 0.0001
payment
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Figure 5-8 Percent change in price result from varyng the price mark-up of
breast
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Figure 5-9 Percent change in price result from varing the price mark-up of
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Figure 5-10 Percent change in price result from varing the price mark-up of
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To examine the total effect of relaxing both thengé processor
assumption and single market assumption, we assutB% and a 1% change
for BY, WY, a -0.5% and a -1% change fdf. The higher fixed standard of
breast and wing and lower fixed standard of legcaue stricter requirements by
the processor. Practically, the stricter requiretsi@md the higher bonus should
exist when the cut-up part is associated with ddrngnarket value. Therefore,
only the scenario of positive change (20%, 30% 40fb) inMKz, MK,,, MK, is

to be investigated while a stricter requiremenplycessors is assumed.

Recall our previous discussion about the totalceffef changing fixed

standard and price mark-up, the critical value bancalculated as the baseline

(Ax02-1)
(Ax6-1)

fixed standard timeg ) . Holding other fixed standard unchanged, when

the yield level of a particular producer is hightean this critical value, the bonus
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effect exceeds the evaluation effect, and the pedwill benefit from the change.
Given the percentage of change of the fixed stah@ad price mark-up, the
critical values in each scenario are calculated presented in Table 5-12.
According to the results, we can expect that whes fixed standard of a
particular quality trait increases by 19&1{.01) and price mark-up increases by 20%
(x=1.2), only those producers whose yield level are 5higher than the baseline
fixed standard will benefit from the change. Whka fixed standard increase by
0.5% ¢=1.095 and the price mark-up to increase to 30% highan the baseline
level (\=1.2), producers with a yield level that is 2.13% highiean the baseline
fixed standard will benefit from the changes. Inngml, as fixed standard

decreases and price mark-up increases, more pnsduikebe better off.

Table 5-12 Critical value for each scenario

A=1.2 A=1.3 A=1.4
0=1.005 1.0293 1.0213 1.0173
0=1.01 1.0572 1.0419 1.0342

The results of percent changes in prices over #éselme scenario in each
scenario are presented in Table 5-13 to 5-15 agar&5-11 to 5-13. As Figure 5-
11 to 5-13 shows, both the total payment (indicdigdhe vertical shift of the
lines) and the distribution of prices (indicatedthg vertical stretch of the lines)
are affected by the changes in fixed standard aice phark-up. In all scenarios
except the ones where= 1.005 and4 = 1.4, the changes result in declining

prices for all 30 producers, which indicates the total bonus effects are not

106



strong enough to offset the evaluation effectshasé scenarios, while fixed
standards with respect to other cut-up parts staghe baseline level. In the
scenarios wher@=1.005 andA = 1.4, 5 out of 30 producers get a higher price
from the change with respect to breast meat (Tadl8); only one producer gets
a higher price in each of the scenarios where ttenges are associated with
wing or leg (Table 5-14 and 5-15). This result sglg that a stricter requirement
on yield level should be combined with a sufficiemtrease in premium level,
and/or with decline in fixed standard with respecbther quality traits. Otherwise
the downgrading effect of a stricter requirementlddoe so strong that producer

will be discouraged to improve yield levels.

Notice that this conclusion is based on the yidiata of the 30
hypothetical producers. Therefore, it may not beegeally applicable to the
producers in the real market, since the variatiopigd level might be greater in
the real market due to differences in terms of feggedients, feed quality, and

management methods, among other factors.
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Table 5-13 Percent change in price and total paymeémnesult from varying

fixed standard and the price mark-up of breast

Producer Percent change in price and total paymertver baseline scenario
breast yield fixed standard breast yield fixedhdtad
0.5% 1%
Breast mark-up Breast mark-up
+20% +30% +40% +20% +30% +40%

1 -0.0188 -0.0138 -0.0088 -0.0536 -0.0515 -0.0495
2 -0.0142 -0.0070 0.0002 -0.0489 -0.0446 -0.0403
3 -0.0159 -0.0096 -0.0032 -0.0507 -0.0472 -0.0438
4 -0.0124 -0.0039 0.0047 -0.0483 -0.0428 -0.0372
5 -0.0192 -0.0145 -0.0098 -0.0541 -0.0523 -0.0504
6 -0.0459 -0.0542 -0.0624 -0.0816 -0.0929 -0.1041
7 -0.0321 -0.0337 -0.0352 -0.0674 -0.0718 -0.0763
8 -0.0133 -0.0057 0.0019 -0.0480 -0.0433 -0.0386
9 -0.0305 -0.0312 -0.0319 -0.0657 -0.0693 -0.0730
10 -0.0207 -0.0167 -0.0127 -0.0556 -0.0545 -0.0534
11 -0.0227 -0.0191 -0.0155 -0.0589 -0.0583 -0.0577
12 -0.0190 -0.0137 -0.0083 -0.0551 -0.0528 -0.0504
13 -0.0191 -0.0142 -0.0094 -0.0539 -0.0520 -0.0501
14 -0.0842 -0.1111 -0.1380 -0.1211 -0.1511 -0.1810
15 -0.0643 -0.0811 -0.0978 -0.1018 -0.1217 -0.1415
16 -0.0724 -0.0935 -0.1147 -0.1089 -0.1331 -0.1573
17 -0.0647 -0.0822 -0.0996 -0.1010 -0.1215 -0.1419
18 -0.0443 -0.0518 -0.0593 -0.0799 -0.0904 -0.1008
19 -0.0101 -0.0004 0.0093 -0.0459 -0.0392 -0.0325
20 -0.0379 -0.0418 -0.0456 -0.0746 -0.0815 -0.0884
21 0.0004 0.0146 0.0289 -0.0339 -0.0225 -0.0111
22 -0.0925 -0.1235 -0.1545 -0.1297 -0.1637 -0.1978
23 -0.0573 -0.0711 -0.0850 -0.0934 -0.1102 -0.1270
24 -0.0027 0.0101  0.0229 -0.0370 -0.0271 -0.0172
25 -0.0245 -0.0223 -0.0201 -0.0596 -0.0603 -0.0610
26 -0.0340 -0.0359 -0.0379 -0.0705 -0.0755 -0.0805
27 -0.0622 -0.0779 -0.0935 -0.0996 -0.1184 -0.1372
28 -0.0377 -0.0415 -0.0453 -0.0744 -0.0812 -0.0881
29 -0.0315 -0.0322 -0.0329 -0.0680 -0.0717 -0.0755
30 -0.0515 -0.0625 -0.0734 -0.0874 -0.1013 -0.1153

Total -0.0352 -0.0138 -0.0409 -0.0709 -0.0768 -0.0826

payment
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Table 5-14 Percent change in price and total paymeémnesult from varying

fixed standard and the price mark-up of wing

Producer Percent change in price and total paymertdver baseline scenario
wing yield fixed standard wing yield fixed standar
0.5% 1%
wing mark-up wing mark-up
+20% +30% +40% +20% +30% +40%
1 -0.0041  -0.0046 -0.0052 -0.0075 -0.0084 -0.0092
2 -0.0035 -0.0037 -0.0040 -0.0069 -0.0075 -0.0080
3 -0.0035 -0.0038 -0.0041 -0.0070 -0.0075 -0.0081
4 -0.0048  -0.0056 -0.0064 -0.0084 -0.0095 -0.0107
5 -0.0047  -0.0055 -0.0064 -0.0082 -0.0093 -0.0105
6 -0.0028 -0.0027 -0.0026 -0.0062 -0.0064 -0.0067
7 -0.0037 -0.0040 -0.0044 -0.0071 -0.0078 -0.0084
8 -0.0036  -0.0039 -0.0042 -0.0071 -0.0077 -0.0083
9 -0.0033  -0.0034 -0.0036 -0.0067 -0.0072 -0.0076
10 -0.0038 -0.0042 -0.0046 -0.0073 -0.0080 -0.0087
11 -0.0047 -0.0055 -0.0063 -0.0083 -0.0094 -0.0105
12 -0.0040  -0.0044 -0.0049 -0.0076 -0.0083 -0.0091
13 -0.0032  -0.0034 -0.0035 -0.0067 -0.0071 -0.0075
14 -0.0048 -0.0057 -0.0066 -0.0083 -0.0095 -0.0107
15 -0.0036 -0.0039 -0.0041 -0.0072 -0.0078 -0.0083
16 -0.0035  -0.0038 -0.0040 -0.0070 -0.0075 -0.0081
17 -0.0025  -0.0022 -0.0020 -0.0059 -0.0060 -0.0060
18 -0.0018 -0.0012 -0.0006 -0.0052 -0.0049 -0.0046
19 -0.0045 -0.0051 -0.0058 -0.0081 -0.0090 -0.0100
20 -0.0020  -0.0015 -0.0010 -0.0055 -0.0053 -0.0051
21 -0.0037  -0.0040 -0.0044 -0.0071 -0.0078 -0.0084
22 -0.0014 -0.0006 0.0002 -0.0048 -0.0043 -0.0038
23 -0.0021 -0.0016 -0.0012 -0.0055 -0.0054 -0.0052
24 -0.0039  -0.0043 -0.0048 -0.0074 -0.0081 -0.0089
25 -0.0050 -0.0061 -0.0071 -0.0086 -0.0099 -0.0112
26 -0.0029 -0.0028 -0.0027 -0.0065 -0.0067 -0.0069
27 -0.0035 -0.0038 -0.0040 -0.0071 -0.0077 -0.0082
28 -0.0039  -0.0043 -0.0048 -0.0075 -0.0082 -0.0090
29 -0.0041  -0.0046 -0.0051 -0.0077 -0.0085 -0.0093
30 -0.0041 -0.0046 -0.0051 -0.0076 -0.0084 -0.0092
Total -0.0035  -0.0038  -0.0041 -0.0071  -0.0076  -0.0082
payment
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Table 5-15 Percent change in price and total paymeémnesult from varying

fixed standard and the price mark-up of leg

Producer Percent change in price and total paymertver baseline scenario
leg yield fixed standard leg yield fixed standard
0.5% 1%
leg mark-up leg mark-up
+20% +30% +40% +20% +30% +40%

1 -0.0143  -0.0135 -0.0128 -0.0337 -0.0345 -0.0354
2 -0.0099  -0.0069 -0.0039 -0.0294 -0.0280 -0.0267
3 -0.0151  -0.0148 -0.0145 -0.0345 -0.0358 -0.0371
4 -0.0239  -0.0278 -0.0317 -0.0437 -0.0492 -0.0548
5 -0.0171  -0.0178 -0.0185 -0.0364 -0.0387 -0.0410
6 -0.0259  -0.0311 -0.0363 -0.0449 -0.0518 -0.0586
7 -0.0106  -0.0079 -0.0053 -0.0301 -0.0291 -0.0280
8 -0.0089  -0.0053 -0.0018 -0.0284 -0.0265 -0.0246
9 -0.0139  -0.0129 -0.0119 -0.0333 -0.0339 -0.0346
10 -0.0128  -0.0114 -0.0099 -0.0323 -0.0324 -0.0325
11 -0.0185  -0.0196 -0.0207 -0.0385 -0.0413 -0.0440
12 -0.0183  -0.0193 -0.0203 -0.0382 -0.0409 -0.0436
13 -0.0099  -0.0069 -0.0039 -0.0294 -0.0280 -0.0266
14 -0.0310  -0.0387 -0.0464 -0.0499 -0.0592 -0.0685
15 -0.0280  -0.0339 -0.0399 -0.0477 -0.0553 -0.0629
16 -0.0209  -0.0235 -0.0261 -0.0401 -0.0443 -0.0485
17 -0.0190  -0.0207 -0.0224 -0.0383 -0.0416 -0.0449
18 -0.0117  -0.0097 -0.0076 -0.0312 -0.0308 -0.0304
19 -0.0185  -0.0197 -0.0208 -0.0385 -0.0413 -0.0441
20 -0.0210  -0.0234 -0.0258 -0.0409 -0.0449 -0.0490
21 -0.0054  -0.0001 0.0052 -0.0250 -0.0214 -0.0177
22 -0.0292  -0.0362 -0.0431 -0.0482 -0.0568 -0.0653
23 -0.0197  -0.0217 -0.0238 -0.0389 -0.0426 -0.0462
24 -0.0182  -0.0194 -0.0207 -0.0374 -0.0403 -0.0431
25 -0.0280  -0.0343 -0.0406 -0.0470 -0.0549 -0.0627
26 -0.0273  -0.0329 -0.0386 -0.0470 -0.0543 -0.0616
27 -0.0255  -0.0302 -0.0349 -0.0453 -0.0516 -0.0580
28 -0.0234  -0.0269 -0.0305 -0.0432 -0.0484 -0.0537
29 -0.0292  -0.0358 -0.0424 -0.0488 -0.0571 -0.0653
30 -0.0167  -0.0172 -0.0177 -0.0361 -0.0381 -0.0402

p;;rﬁﬂnt -0.0190 -0.0206 -0.0221 -0.0385 -0.0417 -0.0449
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Figure 5-11 Percent change in price result from vafing fixed standard and

the price mark-up of breast
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Figure 5-12 Percent change in price result from vajping fixed standards and

the price mark-up of wing
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Figure 5-13 Percent change in price result from vajsing fixed standard and
the price mark-up of leg
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5.3.3 Stochastic Sensitivity Analysis
The preceding deterministic sensitivity analysiscaamts for the

heterogeneity in the processor, the market (wispeet to mark-ups) and also for
the change in price generated by different progessguirements and market
values. The simulations could be used by procesands producers to predict
payments in different scenarios by changing theesponding variables in the
excel sheet. However, these deterministic analggesbased on single-point
estimates of variables. In other words, they arsetdaon the best information
available and could only be conducted when theiggeclue of the independent

variables are known.

In this section, we are taking uncertainty into aod by conducting
stochastic analysis. We specify probability disitions for several variables in
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the pricing formula and use a Monte Carlo simulatenalysis to obtain an
empirical distribution of the payment for the prodts under the novel pricing
scheme. In the stochastic analysis, we will eseéntia¢ payment for each producer
while keeping their performance unchanged. Moreowss are also going to
describe the distribution of the possible pricebdgpaid by the processors under
the novel pricing scheme while performance of gaducer is assumed to be

stochastic.

5.3.3.1 Source of uncertainty

The uncertainty of price comes from multiple sosrdeirst, we consider
the fixed standardBY, WY, LY which represent processors’ requirement for cut-
up part yield. This component is assumed to betaah# the baseline scenario.
However, in the real world, there are various pssoes who specialize in
different markets and therefore have different déads for quality. Moreover,
BY, WY, LY also indicate producers’ average ability of colfitrg yield levels
since the values of these variables are constrdiyetechnological level. The
existence of multiple processors and producerfiénuncertainty oBY, WY, LY
in the novel pricing formula, and therefore thesthwariables are perceived to be
stochastic in the analysis. Instead of a certaimber, BY, WY,LY will be

assigned with a distribution, and the price formbkecomes a continuously

differentiable function.

Recall the formula for novel pricing scheme (equa.1),

P! = BP;+B5 x (BY; — BY) + By X (WY; — WY) + B, x (LY; — LY)
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wherefz=(MKy XxBP)x BY , By,=(MKy, XBP)x WY, B,=(MK, xBP) x LY
The impact of changes Y, WY,LY on price could be examined by taking
derivatives. TakéYas an example: by taking the derivativePofvith respect

toBY, we can decompose the response of price for thegehim BY into a bonus

effect (BE) and an evaluation effect (EE).

op _ 9P 9Br - _ By o(BY;— BY)

35 = a5 X o5 X (BY; — BY) + B S (5.11.a)
= MKy X BP X (BY; — BY) — MKz X BP X BY ..............c..... (5.11.b)
= MK X BP X (BY; —2BY) ciiiiie i (5.11.c)

Equation 5.11 illustrates the two key impacts dadrajing BY on price. In the first

part of equation (5.11.a) %x%x (BY; — BY)), BY affects priceP
throughBy which is the variable that implies a processalfingness to pay for a
quality trait. It represents the “bonus effect” diangingBY. Since the price
mark-up of breast meMKy and the base prid@P are positive, the direction of
the bonus effect depends on the value of breakt giethe producer (5.11.c). If
BY; is greater thaBY (BY; — BY > 0), then increasin@Y will have a positive

bonus effect on producér the opposite being true whé¥;, — BY < 0. In the

0(BY;— BY) =4,

second part of equation (5.11.8), X 57 , BY affects price as there is a

change in the performance evaluation of producehich therefore represents the
“evaluation effect”. Sincgy is always a positive value, the evaluation effect i

always negative.
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The price paid to producércan either increase or decrease in response to
an increase inBY , depending on the strength of two effects. Spdif, when
BY; — 2 BY > 0(equation 5.11.c), the positive bonus effect frorhigherBY is
larger in absolute value than the negative evalnatifect. An increase in average
breast yield standard will unambiguously raise pnee for producen. The
opposite is true wheBY; — 2 BY < 0, since the negative evaluation effect will
more than offset the bonus effect. Thus, the preameived by producer will
decline when the producer is facing a processoh siticter requirement on

breast yield.

The second component to be considered is the prmexék-up of cut-up
partsMKg, MK,, and MK; , which are important elements in the premium/
discount determination. Similar to the precedinteduainistic analysis, we relax
the single market assumption and now assume tbaupers and processors are
facing multiple markets. Due to different targetrkeds, transaction costs, varying
regulations, seasonal demands and other randoordaprice mark-ups are likely
to be uncertain (Benabou, 1993). ThM¥;, MK, andMK, are also perceived to
be stochastic in the analysis. The impact of changirice mark-ups could be
examined by taking the derivative of price withpest toMKg, MK, andMK; .

Taking the price mark-up of breast meat for example

op opP 0
_ % BB

Swe = 35 X ames = BP X BY X (BY; = BY).ocoiiiii(5.12)

SinceM Ky only affects price through the premium paramgigrit therefore only

has a bonus effect. As long as the base @Reand fixed standardBY are
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positive, the direction of the bonus effect depeadsthe sign oBY; — BY. If
BY; > BY, which means the performance of produceis above the fixed
standard, producerwill benefit from the higher price mark-up becaitseesults

in a higher premium. In contrast, iBY; < BY, producei's performance is lower
than the fixed standard, such that produoeill be worse off because the higher

mark-up leads to a higher discount in this case.

The last component to be considered as stochastlwei performance of
each producerBY;, WY;andLY;). As discussed in the biological model, producers
could control yield quality by choosing the optimunetabolizable energy level,
dietary balanced protein level, pre-starter dietvai as other factors. However,
under real world production conditions, producesyrbuy feed from different
feed mills that are likely to use different feednfmula. The uncertainty regarding
the quality of raw material input of chicken feesbults in uncertainty regarding
feed quality. Moreover, the production procesdss affect by exogenous factors
such as weather, national disaster, diseases aad. sl these factors drive the
uncertainty of producers’ performance. Continuinghwhe example of breast
yield, we can take the derivative of price with pest toBY; which yields

equation (5.13):

oP 0(BY;—BY)

oay, = Be X gy = PBr = MKp X BP X BY...ooo (5.13)

It is apparent thaBY; only affects the performance evaluation, so itydms the
evaluation effect. Sincé/Ky, BP, BY always take on positive values, the
evaluation effect oBY; is apparently positively related to price. Proghscwith
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better breast yield performance will receive a kighrice, while the one unit

increase imBY; increases price by unit.

5.3.3.2 Selection of the distribution

The probability distributions of the stochastic isbtes are constructed
based on empirical data using the Distributionifgtfunction of the Risk Solver
Proo. Specifically, the distributions Y, WY, LY are estimated based on the
average yield level of the 30 producers (30 recdadseach cut-up part); the
distributions of price mark-up¥ Kz, MK, andMK; are based on 450 records of
weekly weighted average wholesale price data fr@d022to 2010; and the
distributions of producers’ performance in termgwaf-up part yields are based on
the yield data of the 30 pens in the experimeritect®d from age 21-day to 56-

day with a total sample size of 2036 for each qupart.

As the Risk Solver Pro®© fits nearly 30 distributsoto the empirical data,
three goodness-of-fit tests including the Chi Sgdatest the Kolmogorov-
Smirnoff test (Chakravarti, Laha, and Roy, 196 éhe Anderson-Darling test
(Scholz and Stephens, 1974) are employed to determhich distribution fits
our sample data best. The Chi-squared test iseappdi binned data; it requires
the data first to be grouped, so the value of &t $tatistic depends on how the
data is binned. The Kolmogorov-Smirnov test does require binning, but it
tends to be more sensitive near the center of thteibdition than at the tails.
Moreover, the test requires the distribution to faly specified. That is, if
location, scale, and shape parameters are estinfimedthe data, the critical
region of the test is no longer valid (Natrellal@D The Anderson-Darling test is
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a modification of the Kolmogorov-Smirnov test, ®nt gives more weight to the
tails than the Kolmogorov-Smirnov test. Since thedérson-Darling test makes
use of the specific distribution in calculatingtical values, a drawback of this
test is that the critical values must be calculdtadeach distribution (Natrella,

2010).

In this study, 27 fitted distributions estimateyglthe program are ranked
by the Anderson-Darling statistics. The first rah&tributions are selected and are
presented in Table 5-16. Since the critical vagalibr the Anderson-Darling test
are only available for a few distributions, the Kolgorov-Smirnov statistics and
Chi-squared statistic as well as tpevalue of the Chi-squared test are also
presented. The results suggest that the null hgsathwhich is “the data follows

the selected distribution”, is not rejected incakes.

Table 5-16 Distribution of stochastic variables

Variables Sample Distribution Anderson Kolmogo Chi- p-value
size -darling rov- squared
smirnov

BY 30 Extrem min  0.29 0.11 6.00 0.99
Wy 30 Erlang 0.33 0.11 5.20 0.99
LY 30 Erlang 0.25 0.09 2.40 1.00
MKg 450 Gumbel 0.68 0.03 72.93 1.00
MKy, 450 Normal 1.43 0.05 32.22 1.00
MK, 450 Uniform 4,77 0.06 89.64 1.00
BY; 2036 Weibull 1.29 0.02 30.90 1.00
wy; 2036 Weibull 0.52 0.02 12.55 1.00
LY; 2036 Normal 0.21 0.01 16.99 1.00
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5.3.4 Monte Carlo simulation and results
In this section, seven Monte Carlo simulations @educted to estimate
the distribution of the live prices under the noyicing scheme from both

producers’ and processors’ perspectives.

The producer’ perspective

From the producers’ perspective, we are interestede live price that is
likely to be paid to each producer, considering tha level of their cut-up part
yields is known. Therefore, in the first three slations, the constant
performance assumption is still upheld while thgkg processor assumption and
single market assumption are relaxed. The first sewbnd simulation assumes
that the fixed standards of cut-up part yield (WY,LY) and price mark-up
(MKg, MK,,, MK, ) is random respectively. The third simulation ases both

fixed standards and price mark-up are random.

To run the simulations, the Software Risk SolvexcFry Microsoft Excel
2010 is used. 10,000 trials are run for each sinmuaMean values of prices
simulated in each case are presented in Table B/ price change results from

the uncertainties are presented as the percentageges in price in Figure 5-14.

The results of all three simulations suggest thatestimated prices for the
30 producers after allowing for uncertainty areseld@o the prices in the baseline
scenario, since the changes in price are less:#048905% of the baseline prices

(Table 5-17). Specifically, as Figure 5-14 showHopwang for uncertainties

regarding only fixed standardBY, WY, LY) as well as uncertainty regarding both
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fixed standards and price mark-u@®Y, WY,LY + MKy, MK,,, MK};) result in
minor decreases in prices for all producers. Afiecounting for uncertainty
regarding only price mark-up¥ Kz, MK,,, MK} ), the prices vary around those at
the baseline level. Generally speaking, for alldoieers, prices with uncertain
processor requirements and uncertain market vabiesut-up parts do not
significantly differ from baseline prices. Uncertsi in terms of price mark-up
results in greater variability of the pricing systewhile the fixed standard

uncertainty mainly affects the average price level.

Figure 5-14 Average prices for each producer estintad with different
stochastic components
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Table 5-17 Average price estimated with differentet of stochastic variables
at the 95% percentile

Producer Baseline Estimated prices
prices
Stochastic Element(s)
(BY, WY, LY) MKg, MKy, MK,  (BY,WY,LY) +
MKz, MK, MK,
Mean Std.Dev Mean Std.Dev Mean Std.Dev
1 1.4549 1.4549 0.0017 1.4549 0.0003 1.4549 0.0018
2 1.4556 1.4556 0.0017 1.4556 0.0005 1.4556 0.0018
3 1.4551 1.4551 0.0017 1.4551 0.0004 1.4551 0.0018
4 1.4047 1.4047 0.0017 1.4047 0.0005 1.4047 0.0018
5 1.4547 1.4546 0.0017 1.4547 0.0003 1.4546 0.0018
6 1.4522  1.4522 0.0017 1.4523 0.0003 1.4522 0.0018
7 1.4543 1.4543 0.0017 1.4543 0.0002 1.4543 0.0018
8 1.4558 1.4557 0.0017 1.4558 0.0005 1.4557 0.0018
9 1.4542 1.4542 0.0017 1.4542 0.0001 1.4542 0.0018
10 1.4549 1.4549 0.0017 1.4549 0.0003 1.4549 0.0018
11 1.4044 1.4044 0.0017 1.4044 0.0003 1.4044 0.0018
12 1.4047 1.4047 0.0017 1.4047 0.0003 1.4047 0.0018
13 1.4553 1.4553 0.0017 1.4553 0.0004 1.4553 0.0018
14 1.4491  1.4490 0.0018 1.4491 0.0011 1.4490 0.0022
15 1.4010  1.4009 0.0018 1.4010 0.0006 1.4010 0.0019
16 1.4507  1.4507 0.0018 1.4507 0.0008 1.4507 0.0020
17 1.4515 1.4514 0.0018 1.4515 0.0006  1.4514 0.0020
18 1.4535 1.4535 0.0017 1.4535 0.0002 1.4534 0.0018
19 1.4053 1.4053 0.0017 1.4053 0.0005 1.4053 0.0018
20 1.4034 1.4033 0.0017 1.4034 0.0001 1.4033 0.0018
21 1.4570  1.4569 0.0017 1.4570 0.0008 1.4569 0.0019
22 1.4488  1.4488 0.0018 1.4488 0.0012 1.4488 0.0023
23 1.4520 1.4519 0.0018 1.4520 0.0005 1.4519 0.0019
24 1.4558 1.4558 0.0017 1.4558 0.0007 1.4558 0.0019
25 1.4534 1.4534 0.0017 1.4535 0.0003 1.4534 0.0018
26 1.4031 1.4031 0.0017 1.4031 0.0002 1.4031 0.0018
27 1.4013  1.4013 0.0018 1.4013 0.0005 1.4013 0.0019
28 1.4031 1.4031 0.0017 1.4031 0.0001 1.4031 0.0018
29 1.4031 1.4031 0.0017 1.4031 0.0002 1.4031 0.0018
30 1.4525 1.4524 0.0017 1.4525 0.0003 1.4524 0.0019
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The processor’ perspective

From the processors’ prospective, we are interestetboking at the
distribution of all possible prices that a processmy need to pay to multiple
producers whose performances are uncertain. Thierdfee constant performance
assumption is relaxed and the cut-up part yieldprogucers RY;, WY;, LY;) are
assumed to be stochastic for the rest of the strou&which include the fourth
simulation which assumes only yield level by prastuc (BY;, WY, LY;) is
stochastic; the fifth simulation which assumes botisce mark-up and yield by
produceri (BY, WY,LY + MKy, MK,,, MK,) are stochastic; the sixth simulation
which assumes both fixed standards and cut-up yattls by producers
(BY,WY,LY + BY;, WY;,LY;) are stochastic; and finally the seventh simukatio
which assumes all three sets of variable®Y(WY,LY + BY;, WY;,LY; +
MKg, MKy, MK;) are stochastic. Since these four simulationsnateproducer
specific, the base price (which is a discrete \deidased on average weight of
the birds from the same pen) is set to be a congtdime equals to $1.4535 per kg.

Therefore, prices in these four simulations arey amfluenced by the premium/

discount component of the price formula.

In total, 10,000 trials are run for each simulatiofrhe means of simulated
prices as well as the prices simulated at the 5% @B% percentile in each
simulation are presented in Table 5-18. The prisg¢ridutions of the fourth to
seventh Monte Carlo simulations are presentedgnrgi5-15, 5-17, 5-19 and 5-

20 respectively.
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Regarding the price sensitivity to stochastic J#da, the Pearson
product-moment correlation coefficient is employedmeasure the strength of
linear dependence between price and each uncesaiable. The value of the
Pearson product-moment correlation coefficient esnfigom -1 and +1. A positive
value indicates the positive correlation betwednepand the stochastic variable,
while a negative value indicates the negative ¢atican. A higher absolute value
of the correlation coefficient indicates a strongelationship between the two
variables. The Pearson product-moment correlataefficients in each scenario

are presented in a tornado chart following eactepdistribution figure.

Table 5-18 Prices estimated in the fourth to sevemtMonte Carlo simulations
($/kg)

Stochastic Elements 5% mean 95%

BY; WY, LY; 1.4413 1.4533 1.4644

BY,WY,LY + MK g, MK,,, MK, 1.4412 1.4534  1.4644
BY,WY,LY + BY;,WY,, LY; 1.4423 1.4533  1.4623

BY, WY,LY + BY,WY,LY; + MKy, MK,,, MK, 1.4410 1.4534  1.4648
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Figure 5-15 Distribution of prices when yield is asumed to be stochastic

Source: own calculations (permission for the us¢hefgraph obtained from Frontline Systems,

Inc.)
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Figure 5-16 Price sensitivity to producers’ perfornance in yields

Source: own calculations (permission for the us¢hefgraph obtained from Frontline Systems,

Inc.)
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In the fourth Monte Carlo simulation, where onlyt-ap part yields of
producers are assumed stochastic, the estimatenl limearice is $1.4533 per kg
which is slightly lower than the base price. Loakiat the price distribution
shown in Figure 5-15, there is a 50.70% chance @hatemium will be applied

(estimated price >base price), and a 49.30% chaingeliscount being applied.

As Figure 5-16 shows, breast yield and wing yield pooducer are
positively related to live price, while leg yield negatively related. Among the
three cut-up parts, beast yield has the greatgsadtmon price followed by leg
yield and wing yield. This is driven by the facttithe absolute value of price
mark-up of breast is the highest among the threée@igyarts, and the proportion
of breast meat account for around 30% of whole.Biiltese result implies that
while the price mark-upMKg, MK,,, MK;) and the fixed standards of cut-up part
yields (BY,WY,LY) are held at the baseline level, the producer withst
effectively increase the live price by improvings lperformance in breast yield,

followed by leg yield and wing yield.
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Figure 5-17 Distribution of prices when yield and pice mark-up are assumed
to be stochastic
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Figure 5-18 Price sensitivity to producers’ performance in yietls and price
mark-ups
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In the fifth Monte Carlo simulation, both cut-uprpgields and price
mark-ups are assumed to be stochastic. The meae prithis scenario is
estimated at $1.4534 per kg; slightly lower thae thase price $1.4535. The
probability of the processor paying a price premiarb0.85% and the probability

of paying a discount is 49.12%.

As discussed in the previous section, cut-up patd affects price
through the evaluation effect and price mark-ug@# price through the bonus
effect. The sensitivity analysis results shown iguFe 5-18 suggest that the
evaluation effect driven by cut-up part yield hagraater impact than the bonus
effect driven by price mark-up. Breast yield has tjreatest impact on price
compared to the other five stochastic variablethensimulation. The impacts of
uncertain price mark-ups are significantly weak®ant the uncertain cut-up part
yield as the Pearson product-moment correlatiofficants of all price mark-ups
are less than 0.02. Among the price mark-ups otthhee cut-up parts, the price
mark-up of breast has the greatest impact followedhe price mark-up of leg

and wing.
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Figure 5-19 Distribution of prices when producers’performance in yields

and fixed stands are assumed to be stochastic
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In sixth Monte Carlo simulation, both individualgolucer’'s cut-up part
yields and the fixed standards of cut-up part Wedde assumed to be stochastic.
The mean live price is estimated at $1.4533 perAgy.the price distribution
shows in Figure 5.19, processors have a 51.30%apilitly of paying a price

higher than the base price and a 48.70% probabilipaying less.

Regarding price sensitivity, Figure 5-20 shows thhé individual
producer breast yield is still the dominant eleminthe price determination
followed by leg yield. Looking at the three fixethisdards, breast yield standard
has the greatest impact on price, while impactthefother two fixed standards
are very weak. Leg yield fixed standard appearset@ositively related to price,
while the wing yield and breast yield fixed stardtamppears to be negatively
related. Recall that changing the fixed standasddwh an evaluation effect and a
bonus effect; and the directions of the two effeictgpact on price are opposite.
The result of this Monte Carlo simulation suggdhtst the evaluation effects of

changing the fixed standards of all three cut up @eceed the bonus effects.

Generally speaking, the results of the sixth sitmataimply that when
both cut-up part yield by producers and the fixeghdard of each cut-up part
yield are stochastic, it can be expected that tloelyrer could most effectively
increase price by improving breast yield; processstricter requirement on yield
levels will result in a decline in price; and priedl be more sensitive to the fixed

standard of breast yield than the fixed standafdiseoother two quality traits.
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Figure 5-21 Distribution of prices when producers’performance in yields,
price mark-ups and fixed standards assumed to be®thastic
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Figure 5-22 Price sensitivity to producers’ perfornance in yields, price mark-
ups and fixed standards
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Finally, a Monte Carlo simulation with all threeoshastic elements is
conducted. The mean of prices simulated from theQtrials is $1.4534 per kg
with a 50.32% chance greater than the base pride4@r68% chance of being
lower. Two of the cut-up part yield variables, lsegeld and leg yield, have the
greatest impact on price among the nine stochaatiables. Consistent with the
discussion in section 5.3.1, producers’ performancall cut-up part yields are
positively related to price in all three cut-up ggsaFixed standards that represent
processors requirements also have a significanadtnpn price in this scenario.
Fixed standards of breast yield and leg yield raskhe third and fifth important
variable in terms of the impact on price. For hhee average yield variables, the
strictness of processor’s requirements is negatirathted to price, which means
that the evaluation effect of these elements exsé#wmel bonus effect and leads to
the negative correlation between processor reqeinésrand prices. Similar to the
fifth simulation, price mark-up is the element witast influence on price. In
general, stochastic variables that relate to breagé the greatest impact while
those related to wing have the least. This is pbgsiue to the relative proportion
of the cut-up part, since the cut-up part with ghler proportion also has a higher

weight in the price formula and thus has a greatpact on price.

According to the results of the four Monte Carlmslations conducted
from a processor’'s perspective, the probabilitypafying a premium or discount
are both around 50% in all simulations. As a reghk means of the simulated
prices in these four simulations are close to teel price (difference0.005%).

Further, price with uncertainty is most sensitiogtoducers’ performance in cut-
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up part yield especially breast yield. A processogquirement, which is reflected
in the fixed standards, also affects live priceotiygh the bonus effect and the
evaluation effect. The price mark-up of cut-up pastthe element with the least

influence on price.

5.4 Summary
In chapter five, prices were simulated under a hpvieing scheme, and
the sensitivity to the key components in the pgcformula was subsequently

examined.

First, employing the yield data obtained from aldmical experiment,
prices paid to thirty hypothetical producers untter current pricing scheme and
the novel pricing scheme are simulated as the ina@sstenario under the single
processor assumption, the single market assumpiionthe constant producer
performance assumption. While the price in a cenpaoduction period under the
current pricing scheme is essentially determinedih®y average weight of the
chicken, price under the novel pricing scheme selaon the average weight as
well as cut-up part yields of each producer. Thsellts of the baseline simulation
suggest that the novel pricing scheme would shifeprisk towards the producers,
since it results in greater variation of pricesdpi producers without causing a

significant change in total payments by processors.

Second, deterministic sensitivity analyses weredooted to simulate
prices given different levels of fixed standardsd aprice mark-ups. Three

scenarios have been considered, including scenagovhere fixed standards of
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each cut-up part vary by +0.5%, £1% and +2%; sden@vo where the price
mark-up of each cut-up part varies by 1%, 20%, 20 40%; and scenario three
where the fixed standard and the price mark-up asfhecut-up part change
simultaneously. The impact of changing the fixeghdard was decomposed into
a bonus effect and an evaluation effect, whileithpact of changing the price
mark-up was only reflected in its bonus effect. Teterministic results reveal
that under the novel pricing scheme, changing thedfstandards results in an
upward or downward shift in average price level ewhthe shift caused by the
breast yield fixed standard is the most significéoitowed by leg and wing fixed
standards. In comparison, changing price mark-@ssahmuch smaller impact on
price, and it mainly results in the change of theedistribution. When the two
elements with respect to a specific cut-up partngkasimultaneously, the
evaluation effect of changing the fixed standargeaps to be stronger than the
total bonus effect of changing fixed standard andepmark-up in the majority of
cases of the simulations. This implies that a pgsog who requires a higher yield
level with respect to a specific cut-up part, sdoptovide a sufficiently high

premium or lower the fixed standard of other cutpapts.

Finally, stochastic sensitivity analysis via Mon@arlo simulation is
conducted in order to investigate the price distitm and the impact of key
components from both producers’ and processorspeetive when uncertainty is
taken into account. From the perspective of a predusupposing that the yield
level of each producer is known, we conducted tererilations, assuming that 1)

fixed standards are uncertain; 2) price mark-ups @amncertain and 3) both
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elements are uncertain. The results suggest tlRatutitertainty of these two
elements do not cause significant changes in tbeage price level compared to
the baseline scenario. In general, uncertain pngk-up results in greater
variability of the pricing system, while the unaart fixed standard mainly affects
the overall price level. From the perspective ofp@cessor, we are more
interested in the distribution of prices that a gessor may need to pay to
producers under the novel pricing scheme. Suppdbagigthe yield performances
of producers are uncertain, four Monte Carlo siroites with different stochastic

elements or combinations of elements were condudtbd results of all four

scenarios suggest that the probability of payimgeanium or discount is around
50%. The means of the prices estimated in the $oanarios do not significantly
differ from the baseline scenario. Regarding pseasitivity, price appears to be
most sensitive to producers’ performance in termbreast yield and leg yield.

Fixed standards that represent processors’ reqairenon cut-up part yields also
affect prices where the breast yield and wing yietéd standard is positively

related to price, and the leg yield fixed standardegatively related. Price mark-

ups of the three cut-up parts have relatively legsct on prices.
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Chapter 6 Conclusions, limitations and potential extensions

6.1 Conclusions

The Canadian chicken industry is characterized Bymply management
system under which the production level and pride lise chicken is
predetermined in every production period. Wherdgs groduction level is set
according to an estimate of the market demand ofi gmovince, and price is
based on average production cost and average bedjhtwof birds, the supply
management system ensures consistent supply foegsors and stable income
for producers. However, many earlier studies haggested that a compensation
scheme which rewards producers for better quaditgurrently lacking in the
Canadian system, such that the current scheme wilegsgpes producers from
improving product quality and from adopting advahggoduction technologies

(e.g. Funk, 1978; Panter, 2006).

In contrast to the Canadian chicken industry, ttagonity of U.S. chicken
is produced under production contracts. Relativefop@mance is the most
common form of performance evaluation method ergdoin the U.S. broiler
market. Average feed conversion ratio or averagtesgnt cost of the same
group of producers in a given production periodused as a benchmark to
measure producers’ performance. Producers whos®rpa@nces are above
average receive bonuses while producers below ge&eraceive discounts.
Compared to the Canadian system, U.S. producerg less control over

production due to the industry being verticallyemated. Price is less predictable
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under the U.S. scheme, as it depends on the pexfmenof other producers in the
group. However, one of the advantages of the UrlBing scheme is that it
provides incentives for better performance, so firatlucers are encouraged to

improve feed conversion ratios and cost efficiency.

This study aims to contribute to the design of addkan pricing scheme
that rewards producers for better performance vagard to quality. We explore
in which ways a quality-based pricing scheme cdadcadopted by the Canadian
poultry industry, and analyze the potential impafcsuch a compensation scheme
with real data. The analysis aims to answer tHeviing questions:

1. Which quality traits could be integrated int@ tpricing system, considering
their biological growth trajectories and overallnket significance?
2. What is an appropriate form of such a pricingesse (in terms of incentives
for quality), maintaining the basic structure ofn@dian supply management?
How to quantify the price premiums/discounts foctequality trait?
3. To what extent does the novel pricing schemecathe chicken producers and

processors?

To answer the first question, a biological modekstablished based on
data obtained from a biological experiment. Theultsssuggest that there is
substantial heterogeneity in terms of chicken duadince cut-up part yield levels
vary for birds which fall into the same weight ranm the experiment. It is
therefore likely that the current Canadian pricgotpeme, in which price is based
on average weight, is inefficient. The OLS regmsson yield and dietary data

suggests that cut-up part yield of a chicken, aaffgdreast yield and leg yield,
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can be affected by the dietary balanced prot@ietabolizable energy levels, age
of bird and other factors. This indicates that adpicer could influence cut-up
part yields by controlling feed ingredients as wa#i management methods.
Therefore, yield levels of the three key cut-upipéafter considering their market
evaluation), which include breast, wing and legrtpraare selected as the three

quality traits to be integrated into the pricinpame.

To design a pricing scheme under which producentddoe compensated
based on their performance in terms of the threditguraits, we first reviewed
pricing schemes that are commonly used in agricall&ectors in North America,
including absolute performance pricing schemestiked performance pricing
schemes, formula based pricing schemes, and bargginicing schemes. After
comparing the advantages and disadvantages of thes@g schemes and
considering the continued purpose of supply managémf ensuring consistent
supply and stable price, a formula-based absolet®pnance pricing scheme is
developed under the assumption of maintaining suppdnagement, such that

production level is predetermined by productiontquo

The implementation of the novel pricing scheme oiod a two-step
mechanism. In step one, a base price is determbasdd on the average
production cost plus producer margin as well asatrerage weight of the chicken
in same truckload delivered by a particular producéis is consistent with the
current pricing scheme, which ensures that theameetotal cost of production
can be covered. In step two, a premium or a digc@udetermined based on a

producer’s yield performance in terms of breastdyieing yield and leg yield.
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Producer’s performance in each cut-up part yiekevaluated by a fixed standard.
Each fixed standard represents a processor’ ragaire on yield level of the
corresponding cut-up part. Producers whose perfocmas above the fixed
standard receive a premium, and producers whos$erpeamce is below the fixed
standard receive a discount. The magnitude of titeppemium/discount is based
on the historical price mark-up of the correspogdint-up part over the price of
fresh whole chicken at the wholesale level, considethat this was the only
accessible data which also most likely represdrgsvalue of a cut-up part to a

satisfactory level of approximation.

The proposed novel pricing scheme is applied tddydata obtained from a
Canadian biological experiment. Based on this erpartal data, 30
representative producers are identified, and tlieegpreceived by these producers
as well as the total price paid by a representginaeessor are simulated. The
results of the baseline scenario, which assumesgie rocessor, a single market
and constant performance, suggests that every peodets both a discount and a
premium according to performances in differentgoitpart yields. As a result, the
greater variability that would be associated with teformed pricing scheme is
diminished to some extent, because of the offgptéffect of discounts and
premiums. In general, the proposed pricing schaselts in greater variability in
the distribution of prices received by the 30 pmahs, without changing the
average price paid by processors. This implies tthetproposed pricing scheme

may result in greater price risk to producers. Havedue to the small magnitude
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of the price change resulting from the proposedipygi scheme, the increase in

price risk does not significantly influence produsencome.

In order to further examine the impact of the nquéting scheme as well
as the sensitivity of price to the key componefthe price formula, the baseline
assumptions are relaxed and both deterministicstothastic sensitivity analyses
were conducted following Bond et al. (2005) andtéiset al. (2002). In the
deterministic sensitivity analysis, fixed standardl price mark-up of each cut-up
part deterministically changes by a certain peamgst The results of the
deterministic analysis suggest that the changéixed standards mainly result in
shifts in the average price level, while the changfeprice mark-ups mainly result
in greater price variation. In the case where tkedf standard and the price mark-
up with respect to a certain cut-up part changeukameously, the evaluation
effect of changing the fixed standard appears tettmnger than the bonus effect
caused by changing both fixed standard and pricek-on@ which results in a
price decline for most of the 30 producers in aypezgiment. This implies that a
stricter requirement on yield levels should be corath with a sufficient increase
in premium levels, and/or with lower fixed standawith respect to other quality

traits.

The stochastic sensitivity analysis is conducteanfiboth producer’s and
producer’'s perspective by Monte Carlo simulatio®som the producers’
perspective, price paid to each hypothetical predweas simulated while yield
level of individual quality traits was assumed ®known and the fixed standard

and price mark-up were assumed to be stochaste.r@sults suggest that the
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uncertainty in terms of fixed standards causesreonshift in average price level
while uncertainty in terms of price mark-up resits greater variability of price.
In general, the simulated prices for each produ@dter allowing for uncertainty
with respect to fixed standard and price mark-dp not significantly differ from

the baseline prices.

From a processor's perspective, the incentive-caitvlpa prices for
producers that processors may need to pay werelagady assuming that the
yield performance of each producer is stochastitewdbstracting from demand
and effort complementarity (section 4.3.3). Thec@rdistributions estimated in
the four simulations indicate a 50/50 percent ckavfca processor having to pay
premiums or discounts. Consequently, the sumseshjums or discounts paid by
processors are closed to zero, and the average jpaid by the processor was
estimated to be very close to the base price. Vheage price the processors need
to pay under the novel pricing scheme is expegeinain at the same level as
under the current pricing scheme, as long as tted ppemiums and discounts
offset each other. Moreover, the results suggest phice is most sensitive to
producers’ performance, especially the performanderms of breast yield and
leg yield. This implies that a producer could mefectively increase price (and

thus revenue) by improving performance in termbrefst yield.

Given the above results, one implication for theustry is that the current
pricing scheme based on cost and weight may notthiee most effective
compensation scheme from the perspective of thedan chicken industry as a

whole. A reformed pricing scheme that takes quaxplicitly into account could
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provide more incentives for quality improvement.t-Qp part yield levels could

be used as an indicator of quality and thus adé#ses for determining monetary
incentives. An absolute performance evaluation pethased on a fixed standard
could be employed by the industry. Such a qualégda pricing scheme may
result in greater variability in price, since thecp is affected by producer’s
performance, processor’s requirements for quatdits and the market value of
those quality traits. To enhance the effectivengflsa performance scheme in
terms of the influence of quality on price and anducers’ yield performance,

the industry could consider reallocating the weigheéach key component of the

pricing scheme as proposed above.

6.2 Limitations

Several limitations of this study relate to theunatof the data employed.
Considering the absence of production and procgssiat data, the analysis does
not provide insights with respect to possible clengn cost that may be
associated with the reform of the pricing schemeith® production level, the
novel pricing scheme may induce producers to adheit production decisions,
resulting in changes in production cost. At thecpssing level, cost might
increase as the novel pricing scheme may requitea eabour, processing
facilities and time to measure quality traits. Hoe® due to absence of adequate
cost data, these possible cost changes have nat d®aysed in the study.
Similarly, an analysis of the relationship betwelea costs of producer efforts as
they relate to each of the three quality traitissing, resulting in the inability to

make predictions regarding the extent of effort pamentarity. For the same
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reason, the analysis on producer’s and processorfgus which could have been

used to illustrate the impact on the two partieslfare is not presented.

Another limitation of the study originates from thact that the
premium/discount component of the novel pricingesoh is only based on yield,
instead of taking the value related to cut-up pa&e into account. The size or
weight of a cut-up part is typically a more actuatdicator than yield level for the
evaluation of producers’ performance related to-ugutpart quality, since
processors’ and consumers’ preferences are maeetlgireflected in cut-up part
size instead of yield. For example, processors agdiFC or Swiss Chalet appear
to have strict requirements regarding size of wamgl drumstick (Thompson,
2010). However, since disaggregate price data satifferent weight categories
for which the premium of cut-up part size coulddstimated was not available,

the proposed pricing scheme only accounts for pytart yield.

A further potential limitation of this study is ththe prices which were
employed in the Monte Carlo simulations are notirgbrices, but aggregate
wholesale prices, abstracting from market (regigpgcific price variations.
Considering the lack of quality-trait specific néte@demand) data, no inference
could be done with regard to retail demand compigargy between the three
quality traits (elasticity of demand for the qualitaits), which would have been
desirable for projections about the efficiency ofmare high or low-powered
incentive scheme. On the other hand, the use ofesale price data could also be
considered as a strength of the analysis, if theah@ricing decisions in the

Canadian poultry sector are driven by this seetod, less by the retail sector.
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Furthermore, the distribution of stochastic fixadnslards and producer
yield levels of each cut-up part are based on exgwgertal data instead of real
production data from actual farms. Moreover, thesa size (30) for the price
fixed standards is relatively small. As a resuiie tonclusions with respect to
price distribution and sensitivity may be affectby the assumptions of the

distributions of the underlying stochastic variable

6.3 Potential extensions
Although this study has started to explore the fanmd impact of a

guality-based pricing scheme for the Canadian pputtdustry, much research
remains to be done. Cost data on the productionpaocessing level could be
collected for further studies on issues relatedht® relationship between price
premiums and production efforts, and producers’ prutessors’ welfare results
from a quality-based pricing scheme. If disaggregatail or wholesale price and
demand data on cut-up parts in different weight@aties is available, the pricing
scheme could be further developed into a schemeewthe premium/ discount is
set as a distribution based on size of the cutarp gn an individual basis while
assessing changes in weights of key performanceaoemts, and the relative
efficiency of a more high or low-powered incentiseheme that accounts for

effort allocation underling each of the qualityitsacompensated for.
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Appendix 1

Ontario live price formula breakout and explanation

(Accessed through the Alberta Chicken Producerdume 7, 2010)

FEED COMPONENT

Feed cost totals of Live Price as a %.

8 week average is 43.44%

16 week average is 43.88%

24 week average is 44.35%

48 week average is 45.46%

Feed prices are provided by the Ontario Agri Bussné\ssociation
(OABA) to Chicken Farmers of Canada on a weeklyshas

OABA provides a weighted average of 4 independent associated or
owned by a processor or producer) feed mills onegkly basis. The
weighted averages are based on weight (tonne)ates $$). The 4 feed
mills represent approx 40% market share in voluimte chicken feed

sold each week.

Chicken Farmers of Ontario (CFO) take 8 weeks ¢ @ad measure the
change between the previous period to determiaecifange in Live Price
is required.

Formula: ($5/tonne = 1 cent/kg change in Live Price)
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Previous Period Feed ($/tonne)-Current Period kg#dnne) = change in

$/tonne

Change in $/tonne divided by $5.00 = change in Eviee
Example:

A-97: $301.11/tonne

A-98: $289.92/tonne

Change: -$11.19/tonne

Change in Live Price: -2.24 cents/kg (11.19/5.(0238)

Note: A-98 feed prices = 4 weeks of A-96 and 4 vgeekA-97 = 8 week

average or weeks of Mar 1 to April'", @010 etc.

CHICK COMPONENT

Chick cost totals of Live Price as a %.

8 week average is 23.71%

16 week average is 23.53%

24 week average is 23.39%

48 week average is 23.04%

Chick prices are provided by the Ontario Broileddtatching Egg and

Chick Commission (OBHECC) to Chicken Farmers of d&iot (CFO) by
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A-Period. OBHECC cost of production formula is miefary and is not
known by CFO.

OBHECC provides broiler chick prices for male, fémaandom mix and
sex mixed. CFO used the sex mixed chick price énLilie Price formula.
CFO build into the beginning a 2.5 cents per cluogt for vaccines. Since
then only the change in chick price is measured.

Formula: (1 cent/chick = 0.5 cent/ kg change in Live Price)

Previous Period per Chick Price -Current PerioddFeer Chick Price =

change in cent/kg.

Change in cents per chick divided by 2 = chandeava Price

Example:

A-97: 60.80 cents/chick

A-98: 60.71 cents/chick

Change: -0.09 cents/chick

Change in Live Price: -0.05cents (0.09/2.00 = 0)045
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PRODUCER MARGIN COMPONENT

Producer margin cost totals of Live Price as a %.

8 week average is 32.85%

16 week average is 32.58%
24 week average is 32.26%
48 week average is 31.50%

The Producer Margin BASE was established from 1@94s. A & party
independent consultant PricewaterhouseCoopers e to conduct the
1990 cost of production study on producer marginshe
PricewaterhouseCoopers COP 1992 study can be eltah the CFC
office. The study lays out the COP components #natin the producer
margin for the Ontario live price. FPCC also hatP88 study on Cost of
Production Guidelines which is a helpful documémeyers Norris Penny
has been hired by CFO to work on updating the lHas2006 costs.
Currently the 1990 cost base is still being used,the 2006 cost study
should be released soon.

CFO adjusts the producer margin, once every sitxagperiods (48 weeks)
to include changes in the costs of production edoly feed and chick
costs which are done every A-Period (8 weeks).

CFO updates the 1990 cost of production (basepSiatistics Canada on
the COP components identified in the 1992 PricestiatesseCoopers study.

Average prices of the recent six quota periodsnaeasured against the
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previous six quota periods and the difference igliag to the producer
margin in the previous six quota periods. Last posl margin update was
in A-94, the next update will occur in A-100.

Formula: (adjusted every 6 periods (48 wks) only)

Current 6 Period Producer Margin — Previous 6 RBlefimoducer Margin =

change in cent/kg.

Example:

Current Producer Margin: 44.94 cents/kg

Previous Producer Margin: 44.31 cents/chick

Change: 0.63 cents/kg

Change in Live Price: +0.006 cents (0.63/100= 03)06
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Appendix 2

Introduction of the chicken industry in Brazil and China

Brazil is the world’s largest chicken exporter €r2004 (Valdes, 2006).
Similar to the U.S. system, the poultry sector ira#l is vertically integrated.
Production contracts are commonly used in the Baazipoultry industry.
According to the Upton (2007), about 95% of poultngat is produced under
contract to the large integrator companies. Integsaare often the large
processing firms in the country. They provide ack$, feeds and medicines; b)
the provision of technical, managerial and vetexirsupport; and c) transport for
the delivery of feeds and the collection of finidh®oilers. The contracted grower
provides: a) the capital invested in buildings awplipment; b) the day-to-day
management; and c) electricity and water servigagilar to the payment scheme
used in the United States, the payment schemeingbd Brazil poultry industry
consists of two components: 1) a predetermined pese per kg live weight of
harvested birds; 2) a bonus for improved perforreanssually related to low
mortality and good feed conversion ratio. In sonases, a penalty may be
incurred for poor performance (Upton, 2007).

According to a sample contract of integrated pguttroduction in Brazil
provided by the FAO, a system that take into actdbne death rate (%), feed
conversion, daily weight gain, loading time duriogiler delivery, and quality of
management and injuries(%) is employed. Growersivea score based on their
performance in these six aspects, where each poirésponds to Brazilian New

Cruzeiros 0.036 in the sample contract. Then thal forice/kg corresponds to the
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total points obtained by the producer times theel@gce negotiated prior to the
growing cycle. According to the sample contraatiaimum level of points (e.g.

80 points) is also included in the contract.

China is also an important player in the globallpgundustry. Being the
second largest chicken producing country in theldyaChina’s poultry sector
experienced vigorous growth from 1985 to 2005. Sigmificant development of
the Chinese poultry industry was not only driventhg strong domestic demand
but also supported by the improvement in productienhnology and the
development of vertical integration in the indus{e and Han, 2007). The
predominated form of vertical integration in thespawo decades is called
‘company plus contracted household fasystem. Under this system, processing
firms directly cooperate with individual farmersayproduction contracts. Usually,
a processing firm sells inputs (chicks, feed, aratlicine) to farmers on credit,
and guarantees a minimum payment which is alsedall “floor price”. If the
market price at harvest time is higher than therflarice, the company will pay a
proportion (for example 80 percent) of the highecgy and if the market price is
lower than the floor price, the company still pdlys floor price. Such a system
intended to guarantee minimum profitability for tfeemers and ensure steady
supply for processors. However, the constrainingggzoof such kind of contract
or agreement is weak, in that both farmer and msms frequently break the
contracts when the market price differs from theead floor price (Harkness,
2008). Moreover, as the contract is typically smyrieetween a large integrator

company and many small-scale regionally scatteredséhold farms with a
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guality standard lacking in the system, it is diffit for the integrator company to
have an effective central management of all produaad control for the quality

of the chicken (Cai, 2002).

Another production system emerging in the Chinesaltpy sector is
called the company plus production base (company’s own fapts) contracted
household farmissystem. Similar to thecompany plus farmérmodel, the
integrator company also cooperates with farmergwauction contracts (or the
farmer becomes a shareholder of the company). \diffats from the company
plus farmer is that a company agent callegroduction baseis involved in the
supply chain. The production base acts as botlaglkeat of the company and the
representative of contracted farms. On the one ,hdre agent manages and
supervises the contracted farmers in terms of mtimu efficiency and product
gualities. As a result, thiscompany plus base plus farmesystem helps to
increase a company’s control over production gual@n the other hand, the
existence of the agent helps farmers in preveritiegintegrator company from
breaking contracts. Therefore, this ‘company plaseb plus farmer system

reduces the farmers’ risk.
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