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CHAPTER |

INTRODUCTION

The 2002 Farm Bill (PL 107-171) contains a Country-of-Origin Labeling (COOL)
provision that requires retailers to label the country of origin of any covered commodity.
The COOL was initially planned to be mandatory from September 30, 2004 but has been
delayed for two years. The covered commodities in the COOL provision include whole
muscle and ground products of beef, lamb, pork, seafood (wild and farm-raised fish and
shell fish), fresh and frozen fruits, vegetables and peanuts. Although the implementation
of this provision is expected to affect U.S. agriculture and food industries as well as trade
relations with neighboring countries significantly, there is still a great deal of uncertainty
regarding the COOL effect. Some producer groups (e.g., R-CALF United Stockgrowers
of America) expect that the new provision would increase the demand for U.S. beef by
promoting beef born, raised, and processed in the United States. However, producer
groups such as National Cattlemen’s Beef Association (NCBA) and National Pork
Producers Council (NPPC) do not support the mandatory COOL because they expect the
cost would outweigh the benefit. Packers and retailers are also concerned about the
increased labor and infrastructure cost due to the COOL requirements. A few studies
have evaluated the effects of COOL in the livestock industry, but most of them have
failed to address the effects of imperfect competition particularly at packing and retailing
stages.

The structure of beef packing industry in the United States has become

increasingly concentrated within the past decade and there are statistically significant



monopoly/monopsony price distortions in slaughter cattle and wholesale beef markets
(Schroeter, 1988). Therefore, it is not surprising that non-competitive performance has to
be taken into account when evaluating the cost effect caused by COOL. Under this
condition, the important but still unanswered question is: will COOL benefit U.S. beef
producers? And how will the cost of COOL affect each supply level according to the

beef multi-production system?

Problem Statement

The country-original-labeling (COOL) regulation is not only expected to enhance food
safety and welfare of domestic consumers, but also expected to increase the producer
cost. Opponents of this legislation believe that the cost will harm the producers.
Supporters argue that when domestic consumers know the original source of foods, they
may be willing to buy more domestic foods (Plain and Grimes). As a result, benefits will
offset costs for producers.

In addition, economic theory suggests that if consumers’ demand for beef and
pork products is more inelastic, consumers will bear more cost of COOL, while if the
consumers’ demand for beef and pork products is more elastic, producers will bear more
cost of COOL. As a result the impacts of COOL on producers and consumers should

depend on own and cross price elasticities in the met industry.



Objectives

The general objective of this study is to estimate the effects of Country-of-Origin
Labeling policy in the U.S. meat industry. The study analyzes factors that affect the
distribution of COOL cost between producers and consumers with consideration of
market power and trade. The specific objectives of this study are tow fold: (1) provide
theoretical analysis about how domestic producers’ derived demand would change under
alternative cross price elasticities (cross price elasticities of domestic product demand
with respect to the price of imported product); COOL cost (increased marketing and
producer cost) and market power ( market power in both upstream and downstream
markets); and (2) to examine COOL impact on domestic producers with different COOL
cost scenarios and cross price elasticities with three-sector equilibrium displacement
model (EDM) of the U.S. meat market .

This equilibrium displacement model (EDM) for the U.S. meat industry includes
substitution relations between domestic and foreign beef, pork, and poultry products
under imperfectly competitive market conditions at both processing and retailing levels.
Unlike previous studies, the study examines COOL impact on imperfectly competitive
meat industry with variable proportions.

The following chapter summarizes a conceptual framework for the analytical
model used in this study. The equilibrium displacement model for the US meat industry
and its applicability to the identified study problems are reviewed in Chapter Ill. Data

sources, collection methods and empirical models are presented in Chapter I\VV. Chapter



V discusses empirical findings and implications. Finally, the last chapter provides

concluding remarks, limitations of the current study, and suggestions for future research.



CHAPTER II

LITERATURE REVIEW

The literature reviewed for this study can be divided into four areas: COOL cost
estimation and the premium that consumers are willing to pay for the U.S. origin meat,
impact of COOL cost on domestic producers and consumers, market power in beef and

pork industries, and meat trade between US and foreign countries.

COOL Cost Estimation and Consumers’ Willingness-to-Pay Premium

USDA’s Agricultural Marketing Service published a Notice (USDA-AMS, 2002) and
reported their estimation for the COOL cost. They expected a $1.968 billion for the first
year’s record-keeping costs. For this cost, $1 billion is born by producers and $340
million by food handlers and $627.75 million by retailers.

Some researchers argue that different assumptions will result in different
estimated costs. For example, Van Sickle et al. assume that if all imported products
except U.S. origin ones are required to be labeled, the cost will be much less than the cost
estimated by USDA. According to their assumption, the record keeping cost associated
with COOL will be between $69.86 million and $193.43 million. Compared to other
researcher groups, Van Sickle et al. are more optimistic about the COOL impacts. Van
Sickle et al. estimate that U.S. consumers will be likely to pay a premium for domestic
beef up to $3.0 billion. Therefore, the estimated benefit will offset the expected COOL

cost.



On the other hand, some individuals and groups claim that the USDA’s result
underestimates the COOL cost. More pessimistic estimation was reported by Sparks
Companies, Inc. and Cattle Buyers Weekly. They assumes that record keeping systems
will be required throughout the whole supply chain and their results show that COOL will
contribute to an increase in total cost from $3.66 to $5.60 billion dollars even without
cost in the lamb and peanut sectors. Plain and Grimes argue that consumers will not pay
a premium for beef since most of beef in retail stores are already the U.S. original

products.

Effect of COOL Cost on Domestic Producers and Consumers

The COOL cost will be borne by producers and consumers. Lusk and Anderson (2003)
developed an equilibrium displacement model (EDM) for farm, wholesale, and retail
markets for beef, pork and poultry. This EDM can be used to analyze the impact of
COOL cost on producers and consumers. Empirical results indicate that when
consumers’ willingness-to-pay increases by 2% to 3%, the producer welfare lost will be
offset. Brester and Marsh (2004) used linear equilibrium model to simulate the short-run
and long-run changes in equilibrium prices and quantities of livestock products that
would result from implementing COOL policy. Their research shows that there will be a
significantly large increase in consumer demand for beef and pork in the short run; in the
long run, a 0.45% annual increase in consumer demand for beef and a 0.50% annual

increase in pork demand.



Market Power in the U.S. Meat Industry

The structure of beef packing and retailing in the United States has become increasingly
concentrated within the past decade. Applying Appelbaum’s framework (1979),
Schroeter estimated the degree of oligopolistic and oligopsonistic performance in the
U.S. beef packing market (1988). The results confirmed the presence of small price
distortions.

Many studies have typically assumed an integrated processing/retailing sector so
that upstream and downstream market power of the integrated sector can be conveniently
derived from processor’s profit maximization problem (e.g., Azzam; Alston, Sexton, and
Zhang; and Kinnucan). However this type of modeling does not take into account of the
effect of market power in retailing. Several studies found that the observed food price
depends on the relative degree of market power of processors and retailers (e.g., Binkley
and Connor; Richards et al.). We improved previous studies by allowing retailer’s
oligopsony power to separate from processor’s market power. To account for the effect
of market power at the retail sector, profit maximization conditions for three sectors
(retailing, processing, and farm) are simultaneously solved and the equilibrium conditions
are incorporated in a multi-equation model.

Based on Azzam (1998) and Holloway (1991)’s work, Kinnucan (2003) extended
Muth’s (1965) model and analyzed the impact of food industry market power on farmers’
incentive to promote the products. Applying the model to the US beef industry, he found
that for plausible parameter values market power reduces farmers’ incentives to promote

the products.



Based on above studies, market power should not be neglect when examine

impact of COOL in the U.S. meat industry.

Trade between Domestic and Foreign Products

The United States mainly import lightweight feeder cattle from Mexico, trimmings and
ground beef from Australia and New Zealand, and a mix of high-value muscle cuts,
manufacturing/trimming beef, fed cattle, feeder cattle, and fed cattle carcasses from
Canada. The USDA reported that U.S. imported around 28% of its beef consumption in
2002. In 2002 the United States imported approximately 1.1 billion pounds of pork,
which represented about 5.2% of total U.S. pork supplies. Over 80% of those imports
originated in Canada.

United States only imports small amount of broilers because U.S. has the largest
producers and exporters of poultry in the world. The domestic consumption for poultry is
higher than that for beef or pork but less than the total red meat consumption. Since
imported beef and pork consumption is relatively large, this study will include them as
substitute products for domestic meat, but the poultry import will be neglected in the

EDM.



CHAPTER IlI

CONCEPTUAL FRAMEWORK

This study considers the production of beef, pork and poultry meats from the perspective
of three stages: producing, processing and retailing. At the production level, animals are
bred into certain weight, sold to processors to be slaughtered and processed. Then the
final products are sold to retailers such as major supermarket chains.

As Figure 1 shows, fed cattle, trimmings, ground beef/pork and other meat
products can be imported from foreign countries at processing and retail levels. COOL
will has effects on the consumption structure of the U.S. meat market, especially on the
consumption tendency between domestic and foreign meats. Before COOL, consumers
could not differentiate meats from different origins and as a result, meat prices did not
change by the country of origin. But after COOL, consumer can differentiate domestic
goods from foreign goods. Then, the price of domestic and foreign goods may be
different and may move separately like different kinds of products. So this study
includes the substitute relationships between domestic and foreign meat.

This study also assumes variable input substitution between farm level input and
market input; processors have oligopsony power over farmers while retailers have

oligopoly market power over consumers.
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Figure 1. Meat Import by the United State
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Once COOL is implemented, the cost increase will affect the action of all
participants in meat supply sectors as well as the response of consumers. COOL causes
an increase in price at farm, packing and retail levels. After we set up the equilibrium
displacement model, we take COOL cost as exogenous supply shifters in different sectors
to examine the response of each production level. The supply curve will shift upward
because of the COOL cost, and the demand curve for domestic meat will shift right if
consumers would like to buy more domestic origin meats.

The COOL effect at retail the level is illustrated in Figure 2.

Q

Figure 2. Effects of Imposing COOL Costs on the Retail Level

Here Py is the original price of meat. Qo is the original consumption quantity of meat. S
is the supply curve without cost. S’ is the supply curve with cost increase. D is the

demand curve before COOL. D’ is the demand curve after COOL.
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This study assumes that no other demand and supply factors are affected due to
COOL other than the price and quantity. We use the equilibrium displacement model to
calculate relative changes in price and quantity in response to COOL-induced supply and

demand shifters.

Hypotheses

Four hypotheses to be tested in this study include:

(1) The cost of COOL will make domestic producers worse off if there is no demand
increase; meanwhile, poultry industry will be better off since consumers will buy
more poultry as a substitute of beef and pork.

(2) The cost of COOL would outweigh the overall industry benefit unless COOL
leads to less cost increase and an increase in consumers’ willingness-to-pay.

(3) The more elastic the own price elasticity of domestic beef and pork, the more
COOL cost domestic producers will bear.

(4) The producers would be better off if consumers choose to buy more domestic

origin product and/or cross price elasticities to foreign products get more elastic.
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CHAPTER IV

PROCEDURES AND DATA SOURCES

The study develops a Muth-type equilibrium displacement model that is able to estimate
the impact of COOL on meat production system and its trade relations. The model
includes equilibrium conditions of each production stage with consideration of trade and
market structure. A unique feature of this model is that it allows retailer’s oligopsony
power to separate from processor’s market power. As stated earlier, a model
disaggregated along vertical directions is set up in order to study the COOL costs in
different sectors. After the COOL implement, consumers can distinguish domestic beef
from imported beef. As the price of these two kinds of beef should be different, we treat
them as two different commodities in this study.

First we set up the demand and supply functions for each stage of production
system (foreign-origin beef and pork, domestic-origin beef and pork, and domestic
poultry). To account for market power in processing and retailing sectors, this study
derives imperfect competitive conjecture variables through firm’s profit maximization
problem. We will develop the model by totally differentiating the structural equations
and using log differentials to convert the original functions to elasticity form. Then using
the linear elasticity model, we will calculate relative changes in price and quantity in
response to COOL-induced supply and demand shifts. The model is also based on the

variable proportion technology.
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The model will be simulated for three different scenarios of cost increases (low,
medium, and high) and four additional scenarios on consumers’ willingness to pay for
“U. S. Origin” beef (no change, 2%, and 5% increase in willingness to pay) under
alternative demand, supply and substitution elasticities. The model will also be simulated
for three different scenarios of market structure (perfectly competitive in all sectors,
imperfectly competitive in processing sector only, and imperfectly competitive in both
retailing and processing sectors). Data for estimation of the cost increase due to COOL
are obtained from USDA publications, journal articles, and unpublished reports from
consulting companies. Demand, supply and substitution elasticites for the U.S. beef

industry are collected from previous studies.

Basic Formulation of the Mathematical Structure Model

First, the model comprises horizontally linked domestic beef, foreign beef, domestic
pork, foreign pork, domestic poultry with the vertical linkage of farm, wholesale, and
retail sectors. Second, this model permits variable proportions by incorporating the

elasticity of substitution between farm and marketing inputs. Third, market power is

included in this model. Finally, each industry combines a farm-based input Q“ with a

bundle of marketing inputs O to produce retail beef O under conditions of constant

returns to scale (CRTYS).

Processors take the price of marketing services P" as given, but they have

sufficient market presence to influence the price of the farm-based input P*, and the

14



price of the retail beef ;. That is, downstream processors/retailers exercise oligopoly

power in the retail beef market and oligopsony power in the cattle market, but are

individually too small in relation to the total food economy to influence market input

price P . Consumer demand for domestic beef is separated from foreign beef sold at

domestic market. That is because as COOL policy issues, consumer can distinguish
domestic beef from foreign beef, so these two different original beef can be regarded as
different goods in the retail market and the prices will not move together. After COOL
policy issues, the farmer and marketers will bear a cost increase.

Under these assumptions a structural model is represented by:

Retail (Demand)

Beef

(4.1) Q0= O (Pay+ Py P’ Py Py )

(4.2) O = O (Pap Prp o P’ Py Py )

Pork

(4.3) O =Opp (Pop+ Pop s P Py Py

(4.4) Opr =Op (Pap Prpy o P Py Py )

Poultry

(4.5) 06 = Qs (Pap+ o Pe' s Py, Por)
Retail (Supply)

Beef

(4.6) O =1" (Osp+ Osp)

15



(4.7) 03 =8" (Qpr 1 Opre)

Pork

(4.8) O =1" (Opp, Opp)

(4.9) O =" (O Opr)

Poultry

(4.10) 0c=1°(07,0)
Farm-level derived demand

Beef

(4.11) Py, (1+Q,)= P}, [ (L+y,)

(4.12) P (1+Q,)= P g2 (1+y,)

(4.13) Piy=Py, f1, (1+wy)

(4.14) Pyt=Py ghy (1+y,)

Pork

(4. 15) Pry (1+Q,)=F), £, (L+y,)

(4.16) P (1+Q,)= Pl gf, (1+y,)

(4.17) Pay=Ply £ (+,)

(4.18) PA=Pl gl

Poultry

(4. 19) P (WQc)=R [ ()

16



(4. 20) PY=PF fS, (1+y.)

Farm-level supply

Beef

(4.21) Py =Py (g Hip)

(4.22) Py =Py (O Hyr)

Pork

(4.23) Py =Py (O )

(4.24) Por= Py (Opr s Her)

Poultry

(4. 25) PI=P7 (0)
Market Input Supply

(4. 26) Osp =0 (Psp . 75)

(4.27) O = Opr Py 1 75)

(4.28) Opp = Opp (Prp 77)

(4. 29) O = Opr (Por 75)

(4. 30) Oy = Ocr (Per)

Superscripts R, F, M denote retail, farm, market prices and quantities
respectively; the subscripts B, P, C denotes beef, pork and poultry respectively;
subscripts D and F denote domestic and foreign origin separately.

Equations (4.1) to (4.5) are retail demand for domestic origin and foreign origin

beef, pork and poultry in the U. S. meat market. In this model domestic origin beef, pork,

17



and poultry, and foreign origin beef and pork are substitute goods. This model does not

consider poultry import issue; instead, it only includes domestic poultry demand and
supply. Q5. Ok, Ox,, Or.,and Qf. are retail demand; Py, Py, Py, Py and
PXare retail prices for domestic and foreign origin beef, pork and poultry.

Equations (4.6) to (4.10) are supply functions. The industry combines farm-based
inputs Qf (i =beef, pork, poultry; ;j =domestic, foreign) with a bundle of marketing
inputs QJM to produce retail products Qf under conditions of constant returns to scale
(CRTS). Equations (4.11) to (4.20) are farm level derived demand functions. Firms in
the industry take the price of marketing services Pl.jM as given, but they have sufficient

market presence to influence the price of the farm-based inputs PUF and the price of the

retail products P,* . That is, downstream firms exercise oligopoly power in the O/

o'
00y

market and exercise oligopsony power in the Q”.F market. f Q‘; = (i =beef, pork,

poultry) are domestic farm level input quantity Q. ’s marginal product function;

;5 = ;QLF (i =beef, pork, poultry) are foreign farm level input quantity Q/.’s marginal
iF
product function. y,= o (i = beef, pork, poultry; j =domestic, foreign) are the Lerner

y

index that denotes oligopoly power, where 7, are the retail demand elasticity of

joriginal meat i, and &, are the output conjectural elasticity (&, €[0, 1],& =0for

0.
perfect competition and & =1 for pure monopoly). Q, =—" are the Lerner index to
&

i

18



denote oligopsony power in i meat market, where ¢; 1s the supply elasticity for Q,_.].F ,

and @ is the input conjectural elasticity (€ €[0, 1], 8 =0 for perfect competition and

6 =1 for pure monopoly).

Equations (4.21) to (4.25) are farm level supply functions and (4.26) to (4.30) are

marketing input supply functions. ., and y, are COOL caused increasing in cost for
meat i of origin ; at farm level and market level respectively.

The model contains 25 endogenous variables (Q5,, 0, Py Pr ,On. . Ok, Py,
Por Qa0 O+ O O Proy Prps Qe Qo Pop s Por s Qo O 00,06 P
P, 07"), 8 exogenous variables( Py, Pyry Popy Popy e tyn s Hups Mpn s HppsVap »
Vs Vep s Ve ). FOllowing the standard assumptions of this type of model (Muth, 1964,

Gardner, 1975), the parameters are treated as exogenous variables.

The EDM Model

Following Muth (1964), structural equations, (4. 1) - (4. 25), are expressed in percentage

changes as:

Retail (Demand)

Beef
(4.31) € QgD =N sp.spy (E PB}; -0y )+ Msp,ppy (E PPIZ -Op )+ Mooy E PCR +Msp.ar) E PBRF +Msp.pr) E P;}

(4.32) € Qgp =Mr.ap) (E PBRD -Op )+ Msr,pp) (E PPIE) -Op )t Mrcy E PCR +1sr,8r) B PBI;“ +1sr.pr) B PPRF

Pork

19



(4.33) E QllfD =Mrp,s0) (E PBRD -Op)* Mep.rpy (E PPRD -Op )t Mooy E PCR +1pp.5r) B PBI; +1rp.pry B Pzﬁv

(4.34) eQf, - Ner .80y (E Py, -0p)+ Ner,poy (E Poy-8p)+ Mpr.c) E P+ Nrr 3r) E Py + Npr,pry E Pop

Poultry
(4.35) E Qg =T1(c,8p) (E PBRD -0, )t T(c,pp) (EPPRD -0p)* .o E PCR 1 5r) E PBI;" +1c.pr) E Pzﬁv

Retail (Supply)

Beef

(4.36) EQX =x, EQ’ +(1-x,)EQY
(4.37)  EQp =x,EQ +(1-x,)EQ
Pork

(4.38) EQF =k, EQLy+(1—K,)EQY
(4.39) EQF =x,EQL +(1-x,)EQ)
Poultry

(4.40) EQF=x, EQ/+(1-K.)EQY

Derived Demand for Farm-level Input

Beef

(4.41) EPB‘Z=EPB‘;-1'G'ZB EQ§D+1£B EQp +75, Evy-610EQ,

442) gpr_gpr 1K por 1K EQY +1,, EWy-6,0EQ,
: 5

Pork

9 pprogpr 1K por (1K pors By el EQ,
, ,

20



4. 46 - -
( ) EPPI;:EPPI;'l Er EQ£F+1 Er EQZ‘)/[+77PV/EI//P-8PQEQP
P P
Poultry
4,49 - -
( ) EPCF:EPCR'l a EQ5+1 fe EQZ‘)/[+77CWEWC_SCQEQC
o o,
Derived Demand for Marketing Input
Beef
(4. 43) E K K
EPMD+1 Lo :EPBIZ+_BEQ§D__BEQ24+UBWEWB
—Kp Op Op
(4. 44) E K K
EPMF+1 Ls _EPBI;+_BEQ§F-_BEQ1¥+UBWEWB
Kp Op Op
Pork
(4. 47) E
EPum+ Lr _EPR +_EQPD'_EQD +77Py/El//P
—Kp Op Op
(4. 48) E
EPyt 1 Le _EP + EQPF-_EQF +77Py/ Ey,
—Kp op op
Poultry
4,
(4.50) EPMD:EP§+K_CEQ5'K_CEQ1]3W+77c.//E‘//C
Oc Oc
Beef

(4.51) E Qs =65y (EPsp - Epty)

(4. 52) EQur = &5 (EPy, - Epty)
Pork

(4.93) E Orp=&pp (EPpp-Eptp)
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(4.54) E Opr = &pp (EPpp-Epty)
Poultry
(4.55) EQl=&l EPF

Marketing Input Supply

(4. 56) EQZ):‘C"ZJ:ID(EPB%— Eyy )

1-x,
G50 poy - ey -
1-x,
(4.58) E
EQ), =& (EP -1
(4. 59) E
EQp =iy (EPy - 1)
1-x,
(4.60) EQY =g EPY,
of, F
— Vs _ F _Yo, O n n
where 7, = y Epg=———, 1] = =£L. EQ and EP; are percentage
v 1+y, o 1+Q, (50:50) anD ngD ’ ’

changes in quantity and price of the i meat with j” origin at the n” level, respectively,

o’

where EQ; =dInQ; ~—. Demand elasticities are represented byz, . S, is the

farmers’ share of the retail dollar for the i meat, o, is the elasticity of substitution
between meat ; and marketing inputs, and ¢, is the supply elasticity of ;" meat of ;"
origin.

Exogenous shocks to the system of equations are given by ES,, Eu,, and

Ji,Eép, Eu,, and 17& EJ, represents the percentage change in initial
—-K - K

22



equilibrium price for i” domestic meat due to an exogenous demand shift (e.g., the

percentage increase in consumers’ willingness-to-pay for the initial quantity of meat i

Ey.
due to the new labeling policy). Parameters £y, and # represent exogenous shocks,

expressed in percentage terms, to marketing and farm supply, respectively. The
assumptions of the model include: the meat processing and retailing industries are
characterized by constant returns to scale; the supply curve of marketing inputs is
perfectly elastic; the products (beef, pork, and poultry) are independent in production
with no specialized factors in common; and the displacement of supply and demand
curves are parallel.

Once parameter values have been assigned, the system of equations can be solved
using matrix algebra. The result is an explicit solution for changes in endogenous
variables, which are percentage changes in price and quantity of beef, pork, and poultry

at the retail and farm level. Once these values have been determined, changes in

producer surplus APS? for i domestic meat can be calculated is:

w61 APS=PLOb(ERS —Eu,)a+0SEQL) = beef, pork, poultry

Here the asterisks in the superscripts denote the solutions to the system of solved
equations.
Since in domestic retailing market, consumption contains foreign origin meat and

domestic meat, the consumer surplus change should include changes of both of them. So

the consumer surplus ACS; for different meat as:

(4. 62) ACS, ==P3O} (EP} —ES)L+05EQ), ) - PfOf (EPf —ES)(1+05EQ; )
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Derived Demand Analysis with Beef Sector Only Model

Because the system equations, (4. 31) — (4. 60), are too complex to show analytically
results about welfare effects of exogenous shocks in detail,, this study considers a simple
one-sector model of the beef industry for the analysis of derived demand. Although
ignoring important issues such as substitutability between meats at the retail level and
international trade, the simpler model provides better insights about how analytical

solutions are obtained. The single sector model for the beef industry is represented by:

Retail Demand

(4.63) EQZI:D =Tpp (EPBRD —E6,)+ ﬂDFEPBI;
(4- 64) EQII;F =Nrp (E BIZ - E§B) + 77FFEP1911ep

Retail (Supply)

(4.65) EQY, =x,EQ;, +(1—x,)EQh
(4- 66) EQII;F = KBEQII;F + (1_ KB)EQg4F

Farm-level derived demand

1- 1-
(4. 67) EPBZ ZEPBR —TKBEQBFD + s EQgI 5By — €0 EQy
B B
1- 1-
(4' 68) EPBI;: :EPBIjE‘ - KB EQgF + KB EQIZ-\“/[ +77|//BEl//B _EQBEQB
Op Op
74 _ Q

Here, n =———, ¢
T 1l+y ' % 1+0

Farm-level supply

(4.69) EQy, = &, (EPs, — Euty)
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(4.70) EQgF = SFF (EPBI; — Epg)

Non Farm-level derived demand

Ey K K
(4.71) EPy) +1_ . ZEPBIE +—EQy, ——EQy, +1,.EWy

B B B

E K K
(4- 72) EP/}% +1A = EP/};; +_BEQ§F _O__BEQ/}I;"/[F +771//BE1//B

—Rp B B

According to previous assumptions, price of marketing inputs do not change,
which means both EP,) and EP,/ are equal to zero. Therefore, equations (4. 53) and (4.

54) are eliminated while solving the beef only EDM model.

In the model, retail demands are downward sloping (7,,,, <0,7,, <0); the input

supply curves are upward-sloping (&5, >0,&5. >0,&5, >0,&/, >0); the COOL cost

shifts the supply curves to the left (

E .
1 Vs >0, Eu,>0); market power change shifts

derived demand left (7, <0, £,>0); and meat industry technology exhibits variable
proportions (o, >0). Importantly, the farm-share term

SE(S) =Sk, =S, =P, 05, | Py OF ) is evaluated ‘at the initial equilibrium point’,
thus, the value-share term «, in this model is properly interpreted as a constant.

Solutions for the above model are determined by using matrix algebra.

Farm level Derived Demand Equation

The derived ‘demand’ curve for farm output is obtained by dropping Equations (4.43)

and (4.44) (since we want to treat farm price as temporarily exogenous), and solving the

remaining equations simultaneously for EQ;, yields:
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r D2 (}“ : 8/5[),le = O *7(8p,sp) )_ (1_ ’()' (EIZD,MD K+ O-)' M sr.80) M (8D,8F) F
EQy, =~ D “EPyp
+ KT](8p,8ry * (G + gﬁ];r:MF ) (O- + 551),,140)

(4.73) D

. [(77(/30,31)) + 77(/30,3/-'))02 +(1- K)ﬂ(BD.I:‘F) (U(BF.BF) + 77(/:’1-"31))](5151)‘/\/10 +0)- m, - £y

D
+ {(g.AI;D,MD[_O%DZ +(D12+(1- K)O')KU(BD,BF)] + [(U(BD‘BD) + U(BD,BF))(gA]:IF,MF +o0)+(1-x)M]o}e,
D
~ [D2 “Nesp.soy + Q=K s 50y 80.5r) ] (EIED,MD + O-).
D
+ Dz(ﬂ'g,gi),,w) - 0'77(31),31))) -[DP12+ (1~ )] 1 8p,8r)K0 * S;D,MD
D

-EP}.

-EQ

ES

Where

A =N gpspy K+(L-Kx)-0>0;
A22 = 11 g gy K+ (L= K) -7 >0;
A2 =-1pppry K+ (L-K)0;
D= gy 0y = (L= K) - ip gy + K -0 >0
D12 = gﬂF]MF +(1-x)- Nesrspy TK-0>0
D2 =gy v — (L= K) (g gy + K -0 >0
D =D2:-DL~1~&)* g7 sy “ s o) >0"
Equation (4. 73) can be rewritten as:
(4.74) EQ}, = -®EP,, +TIEP), ~-TEY, —~HEQ, + AES —MEy

Here ®>0,I1>0,T>0, H>0, A>0,M>0.

Let @ :£ , here
D

! According to Lusk & Anderson, own price elasticities are larger than cross price elastisities, that is
My >y then D>0.
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['=D2- (/1 : gA];D,MD — O *Nsp,8D) )_ (l_ K)' (gA];D,MD K+ O')' 1sr.8D) * M(8D,8F)
= (&rrar = Q=K Ngr oy + K- 0) (A8 3p 1p = T Nsp s))
(=) (Efop K+ O ) Diar a0y T
= k-0 (A&upap = T Nsnspy) + Exrair = Q=K Mg 5ry) - (A wp s = T Man )

F
- (1_ K)' (gMD,MD K+ O-)' 1sr.8p) "M (8D,8F)

=a+b-c

here, a=x-o- (/15;10,/\/10 -0 U(BD,BD)) '
b= (gAIjIF,MF - (1_ K) ’ n(BF,BF)) ’ (//LEAZD,MD -0 U(BD,BD)) ) and

¢= (1_ K)' (gAFﬂJ,MD K+ O')' 1 sr,80y " (8D, BF) -
Since the coefficient of EP;), is negative, the derived ‘demand’ curve is
downward sloping, as expected. The second part of I"and b, which contains farm level

supply elasticity &, ,,» and retail demand 7, ,., in foreign market, reinforces the

effect of increasing in price of domestic beef because of the substitution relationship.

The third part of I"and ¢, which contains cross price elasticities 77, 5y and 74 5 »

weakens the effect of b.
Also, the coefficient of EP,, is positive, which means foreign origin beef is a

substitute of domestic beef in the retail market. Equation (4.73) also shows that trade
effect (cross price elasticity) shifts the derived demand up, market power shifts the
derived demand down, and increased marketing cost shifts the derived demand down.
Several previous studies (Van Sickle et al.) show that labeling policy will make
domestic consumers buy more domestic origin meats. Here we try to analyze how much
consumer demand would have to increase in order to offset any producer surplus losses

that would be incurred from COOL. To determine this value analytically, it is important
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to note that in Equation (4. 73), changes in producer surplus can be characterized by

investigating changes in (EP,), — Eu). APS}, is set to zero (meaning producers are
neither benefited nor harmed by COOL), and &~ is solved as:

{(77(30,30) + U(BD,BF))[55\4F,MF) +(1-x)o]+ W}ﬂ,,, Ey

(4.75) & = —
KM + [g(MF,MF) +(1- K)O']U(BD,BD)

+ [(KU(BD,BF) - /1)55\4F,MF) +(1- K)O-(KU(BF,BF) -A)+ KZM]EQ

= EQ
KM + [g(MF,MF) +(1- K)U]U(BD,BD)

+ (KU(BD,BF) - /’i“)g(];ldF,MF) +(1- K)O'(KU(BF,BF) —-A)+ KM
KM + [55\4F,MF) +(1- K)U]U(BD,BD)

Eu

F
+ (U(BD,BD) + U(BF,BF))(S(MF,MF) +o)+o(d+ EprBry ~ KU(BF,BF)) + kM

F E7

KM + [8(MF,MF) +(@1- K)O']U(BD,BD)

Here, M =1 5oy Misp.sry = Mspspy " Misr.ry + A= =K Tippspy + L-x)-o; & is the
percentage change in price in retail level.

If market price is exogenous, EP,,,,=EP,,,.=0, as assumed by Zhang and Sexton

(2000) and Wohlgenant (1993), Equation. (4.75) reduces to :

(4. 76) EQy, =—AEPy, + U(BD,BF)KEPBI;T + (Map,epy + Niapsry) 1, EY + € (1gp gy K — A)EQ
- U(BD,BD)Eé‘ + (U(BD,BF) + O + 1N (sp.5p) )Ey
From the equation (4.76), the coefficient of EP;, A =—7p 4, -k + (11— k) -0 >0,

domestic beef price increases will cause farm level demand to decrease; the coefficient of

EP,. 15 .5m& >0 means that foreign origin beef is a substitute good and the price

increase of the foreign beef will cause an increase in domestic beef consumption ; the

coefficient of COOL cost shifter £y is (7 5p, 5y + & +1(5p.5p)) » WheN
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‘77(31;, BD)‘ > 1sp.sr) 0 » COOL cost increase decreases the derived demand in farm level;

the coefficient of demand shifter £6 coefficient is -7, 5,,>0, which indicate that

consumer demand increase will always increase the farm level demand.

In this case, when there is no substitution between domestic beef and foreign beef,
that is 774, 5+ =0, and there are no supply and demand shifter, Equation (4. 73) reduces
to:

(4.77)  EQj;, = —AEP), + 0y spy11, EY — £ AEQ
Which is equivalent to Kinnucan’s expression of derived demand without considering

advertising (Kinnucan, 2002, p. 146).

Interpretation of the Coefficients

The coefficient of EP,, in Equation (4. 76) is 7,5, 5 & , which indicates domestic beef

and foreign beef are substitute goods, In beef market, market power won’t change after
the issuing of COOL. Therefore, both £ and EQ equal to zero. Then, change in

derived demand is reduced to :
(4.78) EQZI;D = _ﬁ’EPBFD + U(BD,BF)KEPBI; - U(BD,BD)E5 + (77(BD,BF) + 0 + 1 (5p,8D) )Ey

PF F
Here, o <0, k=Saitls0 | sq=lmm

1+ - PEOE

1 U(BD,BF) >0, (2 >O, and

A==Ngpppy K+ (L—K)-0>0.

To apply the model to the beef, pork, and poultry industries, we need to assign
values to the model parameters. Table 1 reports model parameters and sources for the

parameter values. The three-sector model outlined in equations (4. 31)-(4. 55) makes use
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of all the parameters related to beef or pork. Following Lemieux and Wohlgenant, this
study sets the foreign elasticities of supply at 10.

The remaining values needed to implement the model are cost estimates. In the
subsequent analysis, we simulate several scenarios under different cost estimates. These
scenarios vary by the magnitude of the cost estimate in addition to who bears the cost.

To determine the potential costs of COOL, we use the estimates reported by VanSickle et
al. to get a low estimate of COOL costs, and use the estimates reported by Sparks

Companies, Inc, to get a high estimate of COOL costs.
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CHAPTER V

EMPIRICAL RESULTS

Chapter IV discusses theoretical results about how changes in domestic and foreign
prices, market power, COOL cost, and retail demand affect the farm level derived
demand of one sector model. In Chapter V, we first apply the conceptual framework
derived in Chapter IV to the U.S. beef industry. Then, the single sector model derived in
Chapter IV will be extended to the U.S. meat industry to examine substitution effects
across beef, pork, and poultry industries. The three-sector model is simulated with
alternative scenarios about COOL costs and premium that U.S. consumers are willing to

pay for the U.S. origin products.

COOL Effects with Beef Sector Only Model

In this chapter, we examine the impact of COOL on the U.S. domestic beef
producers and consumers under alternative own price elasticities, while assuming cross

price elasticities (domestic beef demand respect to foreign beef price, 7, 4+ ; and
foreign beef demand respect to domestic beef price, 7,4, 5, ) are fixed. Then the model
is first simulated with different cross price elasticities where 7, 5y and 7, 5, MoOve
together. Finally, the model is simulated for cases where 7, 5y and 75 5, MoOve

independently.
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In this analysis, we consider medium COOL cost increase (3% of current price)
and no demand change (Lusk, 2004). We assume 80% of the cost is borne by processors
and retailers while 20% is borne by producers (Lusk, 2004). The farm supply elasticity is

set at £=0.15 (Wohlgenant, 1993) and the farm cost-share parameter is set to S, =0.472

(ERS/USDA, 2001). Other parameter values used for simulation are listed in Table Al.

Equations (4.61) and (4.62) can be used to calculate producer surplus and consumer

surplus. J  in Equation (4.75) is the magnitude of demand increase that would be

required to exactly offset the loss in producer surplus due to cost increase. 2

Results with Alternative Own Price Elasticities

Assuming there are no market power changes (¥ =0, 2=0) and no retail demand change
(0 =0), results of the producer surplus change and consumer surplus change under
different price elasticities scenarios are shown in Table 1. In this part we assume that

cross price elasticities, 77,y 57y and 77,4 5, , are the same and both equal to 0.5. Other

parameters used are listed in Table Al.
According to Table 1, for all scenarios, an increase in COOL cost decreases

consumer surplus and producer surplus. When own price elasticity 7, 5, becomes

more elastic (from —0.45 to —0.98), cost increase is borne more by producers and as a
result, change in producer surplus declines from —$131.76 million to —$237.04 million,
while change in consumer surplus increases from -$542.14 million to -$415.64 million.

We also estimate how much consumers’ demand increase will offset the

producers’ loss by calculating o " using Equation (4.75). Results in Table 1 show that

2 Equations are derived in Chapter IV.
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in order to offset the producer loss from COOL cost, consumer demand for beef, § =,

needs to increase from 1.20% to 1.30%.

Results with Alternative Cross Price Elasticities

Table 2 shows how COOL effects change under different cross price elasticities. In the
simulation, we use the same condition as Table 1, except that own price elasticity is fixed

at a medium value -0.78 and 7, 5y and 77, 5,) Move together.

Results show that when cross price elasticities are all equal to zeros, both
producers and consumers are worse off from COOL policy, and producers lose -$521.88

million and consumers lose -$247.72 million. As 7, 5y @nd 77,5, 5, INCrease, producers

will hurt less, but consumers will pay more for the cost increasing from COOL. When
cross price elasticities become more elastic and equal to 1, beef producers’ loss decreases
to -$138.50 million; meanwhile, consumers’ loss increases to -$708.99 million. These
results show that when cross price elasticities become more elastic, COOL cost is shifted
from producers to consumers. Especially, when cross price elasticities increase to 1.5,

producers will gain instead of loss from COOL policy.

When cross price elastiticies are equal to zero, consumer demand needs to
increase by 2.90% to offset the impact of COOL cost increase on producers; however,

when 77, 5 1S equal to 1, the consumer demand needs to be increased by only 0.8%

Table 3 shows how COOL affects producers and consumers under different

Nsr 50y WHEN 7741, 5 1S fixed at 0.2. The result shows that both producers and

consumers are worse off from COOL under different 7, 5, . When 7, », gets more
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elastic from 0.5 to 2, domestic producers will loss from -$448.73 million to -$445.48
million and consumers will lose from -$355.56 million to -$339.46 million; the retail
demand needs to increase from 2.49% to 2.52% to offset the producer loss. The more

elastic of 75, 4y, IS, the less producers lose and the more consumers lose, but not

significantly. The result indicates that foreign retail demand cross price elasticity respect

to domestic price has little effect on domestic producers and consumers welfare.

Table 4 shows how COOL affect producers and consumers when 7, 5,y equal
0.2 under different 7,,, »- - The result shows that both producers and consumers are
worse off from COOL when 7, .., equals from 0.5 to 1. But when 7, 5., is more

elastic at 2.0, the increase in cost will be borne more by consumers and producers will not

be worse off. When 7, 5~ equal 0.5, producers and consumers will lose -$337.76 and -

$468.97 million dollars respectively and retail demand needs to increase by 1.88% to

offset the producer loss. When 7, ,-, gets more elastic, the cost from COOL will be

transferred from producers to consumers, and the producer loss and consumer loss will be

-$152.16 and -$692.53, respectively.

Results with Alternative Market Power Parameters

In his study of captive beef supplies, Azzam (1998) uses 0.06 as an upper-limit value for
6, and seems to prefer a value of 0.03 for this parameter. Based on Azzam (1998), as
well as Sexton’s (2000) view that empirical estimates of market power parameters are
probably understated, we set € with three scenarios: 0.0178, 0.03 and 0.05. As for

oligopoly power, the empirical literature suggests that oligopoly power & in the beef
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marketing channel is probably less than oligopsony power &, especially when successive

oligopsony is considered (Schroeter et al., 2000). In this study we assume that £ < 4,
and set the scenarios for & from lower value 0.01, medium value 0.0223 to upper value

0.05, and market power ratio ¢ from 0.0178, 0.03 to upper limit 0.05.

Table 5 to Table 7 indicate that if processors have the oligopoly and oligopsony
market powers, both producers and consumers will lose from COOL policy. But when
market power effects become more significant, the increasing in cost by COOL will be
borne more by consumers than by producers.

Table 5 shows the result of the impact of COOL under different market power
values. Here, we set the low market power ratios at £=0.01 and #=0.0178, medium
value at £=0.0223 and #=0.03 and upper value at £=0.05 and ¢=0.05.

With lower market power parameters, producers lose -$527.29 million and
consumers lose -$440.45 million, and then producers pay less than consumers. But when
& increases to 0.05, the change of producer surplus is -$557.57 million, a little more than
that under lower market power condition, and consumers’ loss is as high as -$1507.73
million, nearly three fold more than producers’ loss. This means that when processors
become more imperfectly competitive, the cost increase will hurt consumers more than
producers. Retail demand needs to increase from 3.01% to 3.75% to offset the cost
increase.

Table 6 and Table 7 show how COOL affects the beef industry under alternative
oligopoly and oligopsony parameters. In Table 6, when the parameter of oligopsony
market power @ is fixed at the medium value 0.03, the impact of COOL under different

oligopoly market power is presented with changing £ from 0.01 to 0.05.
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Results in Table 6 and Table 7 show that when the extent of market power
becomes more significant, both producers and consumers will be worse off. But the
processors’ oligopsony power over farmers show lager effect than processors’ oligopoly

power over retailers

Impacts of COOL Cost in the U.S. Meat Industry

Now we use three-sector model to consider COOL effect on the U.S meat industry. First,

we assume same cross price elasticities (7,, .- =7, ., , i =beef, pork, poultry) for each

livestock industry. Since poultry is not required by COOL regulation, only red meats
(beef and pork) face cost increase by COOL in the simulation. Then we estimate the
COOL effect on producers and consumers for each meat product in the U.S meat market
in different COOL cost scenarios. Second, we will compare the COOL effect on U.S
meat producers under different cross price elasticities.

To apply the model, Equations (4.31) — (4.55), to the U.S. beef, pork, and poultry
industries, we use parameter values in Table A1%. The COOL effects are examined in
different elasticity scenarios, and elasticities of supply for foreign-origin meats are set at
10 following Lemieux and Wohlgenant.

Statistics reported by VanSickle et al. imply that reoccurring annual costs from
COOL would range from about $36 million to $132 million (depending upon whether
producers bear any COOL costs) for the beef sector and $25 million to $32 million for

the pork sector. Dividing these values by the revenue figures reported in Table 1 implies

® The complete set of values is provided in the Table Al in appendix A
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that COOL would increase cost by about 0.5% for beef and about 0.25% for pork. These
values are taken to represent the lower-bound cost estimates of COOL.

To obtain an upper bound on COOL cost estimates, we use the statistics reported
by Sparks Companies, Inc. Sparks reports that COOL would cost the beef sector
approximately $1.620 billion and the pork sector approximately $452 million. Dividing
these statistics by the revenue figures reported in Table 1 implies that COOL would
increase costs by about 6.5% for beef and about 3% for pork and COOL costs are borne
80% by producers and 20% by marketers (processors and retailers).

Finally, according to USDA/NASS’s estimates, the total farm revenue for beef,
pork and poultry are $24,394 million, $12,883 million and $15,341 million dollars

respectively in 2001 to 2002. This study will use these data to calculate producer surplus.

COOL Effects in the U.S Meat Market

This study assumes that the cross price elasticities between domestic and foreign
countries are the same for both beef and pork. Table 9 presents results of simulations
under different COOL cost and retail demand change scenarios. Figures 1 -3, drawn
from Table 9, illustrate effects of COOL in alternative scenarios of consumers’
willingness to pay for the U.S.-origin beef and pork.

The results show that when there is no demand increase for domestic beef and
pork, the cost increase due to COOL is expected to decrease producer surplus in the U.S.
beef and pork industry and increase producer surplus for poultry industry. Table 9 shows
that decline in producer surplus in beef industry ranges from -$12.91 million (when cost

increases are at low end of estimates) to -$152.96 million (when cost increases are at the
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high end of estimates); decline in producer surplus in pork industry ranges from -$8.10
million to -$95.61 million and increase in producer surplus in poultry industry ranges
from $15.18 million to $183.74 million in the U.S. meat market. In the three cost
scenarios, producer surplus decline but producer surplus increase in poultry industry
while cost increases in beef and pork industry. The more increase in cost, the more loss
for beef and pork producers and the more gain for poultry producers.

If consumers prefer domestic to foreign beef and pork, retail demand increases are
expected for domestic beef and pork. Therefore, the model is simulated with several
scenarios about demand increase in domestic beef and pork. Here demand increase is
assumed as 2% and 5%.

Table 10 reports the producer surplus of the U.S. meat producers in different
COOL cost scenarios when there is a 2% retail demand increase for domestic beef and
pork. Unlike Table 9, Table 10 shows that a 2% retail demand increase results in gain for
beef and pork producers even at the high cost increase from COOL. The pork producers
gain from around $395.71 million to $228.89 million dollars under low to high COOL
cost increase, and this gain is higher than beef producers’ gain ($222.84 million to $81.85
million dollars). Poultry producers are worse off when increase in cost is low and
medium. When the COOL cost is high, poultry producers’ surplus increases. The trend
of change in producer surplus is the same as Table 9. When the cost increases, beef and

pork producer surplus decreases while poultry producer surplus increases.

When the demand increases by 5% for domestic beef and pork in the U.S market,
the overall trend of change in producer surplus is the same as the result with a 2%

demand increase. The difference is that the beef and pork producers will gain more in
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each scenario while poultry producers will lose more in the low and medium COOL cost
scenario and gain less under the high COOL cost scenario.

As Table 11 shows, beef producers will gain from $579.44 million dollars to
$437.03 million dollars, pork producers gain a little less than beef producers in each cost
scenario. Poultry producers will loss from -$167.87 million dollars to -$115.95 million
dollars when cost increases from COOL are low and medium. When cost increase is high,
poultry producers gain only $2.08 million dollars.

From Table 10 and Table 11, it can be concluded that if consumers prefer
domestic beef and pork by paying higher premium to domestic beef and pork, domestic
producers of beef and pork will benefit after COOL regulation, while domestic poultry

producers will be worse off unless the cost increase as high as around 6.5%.

COOL Effects with Different Cross Price Elasticities

Previous results were obtained under the assumption that cross price elasticities of

foreign product with respect to price of domestic meat, 7, .,, (i=beef, pork) are inelastic

at 0.2. But what would happen if consumers are price elastic in consumption of foreign
product in response to change in domestic price (or elasticity of domestic demand is
elastic in response to change in price of foreign product), for example, at 0.6. The
following discussion compares the COOL effect in alternative scenarios about price
elasticities of foreign product with respect to price of domestic meat.

Table 12 shows when there is no demand change, which means ¢ is zero, how
COOL affects the U.S. meat industry under different cross price elasticities. For the

scenario of inelastic cross price elasticity, we set 7, .-, and 77, ,,, as the same and
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equal to 0.20; own price elasticities 7, 5, and 7, »,, are -0.56 and -0.69,
respectively. For the scenario of elastic cross price elasticity, we set 77, -, and 77
are the same and equal to 0.60, own price elasticities 7,4, 5, and 7, »,, are -0.56 and -

0.45, respectively. The results illustrate the COOL effects under inelastic and elastic
cross price elasticities, respectively. Both of these two simulations were performed under
the assumption of no demand change.

Table 12 shows that when there are no demand changes and if consumers are
more sensitive to the price of foreign meat, the U.S beef and pork producers will lose less
and poultry producers will gain more in each COOL cost scenarios. This result is
consistent with the results in one-sector model.

Under the high cost scenario, beef producers lose by $26.58 and pork producers

lose $11.44 million when#, .-y =1,y = 0.60. This is compared to beef and pork
producer loss at$152.96 and $95.61 million when# ., = = 77,75, = 0.20 respectively.

The result indicates that if consumers are more sensitive to the foreign product price, the
loss from COOL will be much less than the case with inelastic cross price elasticities.
Lusk and Anderson’s results are estimated with inelastic cross price elasticities

(Mpiry = Nrapy = 0.20) only, which indicates that if both cross price elasticities (77,
and 7., ) are larger than 0.2, their results may overestimate the loss from the COOL

regulation .
Next, the three-sector model is simulated with the assumptions of demand
increase Table 13 shows if there is a 5% retail demand increase, how COOL would

affect the U.S. meat market under different cross elasticites (77, -y and 77z ., )-
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Inelastic condition represents results with inelastic conditions,

Nipiry = Nerapy = 0.20, while elastic condition shows results from
Ny = Nerapy = 0-60. Both simulations assume a 5% demand increase for domestic

beef and pork. The result in Table 13 shows that when there is a 5% demand increase for
domestic beef and pork, producers in these two sectors will be better off. This result is
consistent with the results in one-sector model. Table 13 shows that under inelastic
condition, beef producers gain $940.98 million to $719.64 million and pork producers
gain $870.81 million to $613.98 million, which are higher than gains ranging from
$579.44 to $437.03 million and from $537.33 to $448.35 million under elastic condition.
This means that when cross price elasticites get more elastic, the producers will gain
more than the cases with inelastic cross price elasticities. This conclusion is consistent
with the result shown in Table 12.

Results from Table 12 and Table 13 indicate that the cross price elasticites have
important effect on the estimated results of the COOL effects. The more elastic of the
cross price elasticiities, the less beef and pork producers will lose due to COOL when

there is no demand increase, and they will gain more if there are a 5% demand increase.
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CHAPTER VI

SUMMARY AND CONCLUSIONS

This study uses an equilibrium displacement model to examine impacts of COOL cost
increase on producer and consumer welfare in the U.S. meat industry. The model
includes substitution relationships not only between different meats such as beef, pork
and poultry, but also between domestic and foreign original products. Unlike previous
studies, this paper considers imperfectly competitive market structure in the meat
processing industry. In order to give a detailed view of the COOL effects on the meat
industry, a single sector model was employed to give a theoretical analysis about how
COOL affect on the derived demand of domestic farm level producers. Then, empirical
simulation results are presented. The study results indicate that farm level producers for
beef and pork will be worse off unless consumer demand increases for the U.S. “COOL”
product when there is no demand increase for domestic beef and pork. Poultry industry
will benefit from COOL because consumers will substitute higher-priced beef and pork
for poultry. When own price elasticity becomes more elastic, producers are expected to
lose more while consumers will lose less. When cross price elasticities between
domestic and foreign products are more inelastic, producers will lose less while
consumers will lose more.

The results also show that if processors have the oligopoly and oligopsony market
powers, both producers and consumers are likely to lose from COOL. But when the

extent of market powers becomes more significant, the COOL cost will be borne more by
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consumers than by producers. However, market power effects seemes to be weak due to
the offsetting effects from more inelastic derived demand and inward shifting of derived
demand.

If COOL can make U.S. consumers more loyal to the U.S. “COOL” products,
own elasticity more inelastic and cross price elasticity more elastic, it may enhance
producer benefit substantially. According to the simulation results, a 2% demand
increase for domestic beef and pork will offset the potential producer loss from the
COOL cost. And if domestic demand increases by 5% for beef and pork, farm level
producers of beef and pork will benefit from COOL significantly.

This study used a three-sector model to examine the COOL effects on the U.S
meat industry. First, assuming same cross price elasticities between domestic and foreign
market this study estimated the change in producer surplus due to the COOL regulation.
Second, the COOL effect was compared on U.S meat producers under different cross
price elasticities.

The results show that when there is no demand increase for domestic beef and
pork, the effect of cost increase due to COOL has negative impacts on producer surplus
in domestic beef and pork industries but positive impacts on the poultry industry. In
alternative scenarios of low, medium and high COOL cost increase, producer surplus
declines as the cost increases in beef and pork industries, but increases in the poultry
industry. The more cost increase, the more loss for beef and pork producers and more
gain for poultry producers. If consumers are more sensitive to the price of foreign meat,
the U.S. beef and pork producers will lose less and poultry producers will gain more in

each COOL cost scenarios when there are no demand changes.
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This study also found that the more elastic the cross price demand elasticiities
between domestic and foreign meat, the less beef and pork producers will lose from the
COOL regulation when there is no demand increase. Obviously, beef and pork producers

will gain more when there is a 5% demand increase.
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Table 1. COOL Effects with Different Own Price Elasticity®

Scenarios
"1(8p,8D) -0.45 -0.78 -0.98
APS (million dollars) ~ ~131.76 -203.64 -237.04
ACS (million dollars) ~ -942.14 -455.77 -415.64
5" 1.20% 1.28% 1.30%

® Computed using Equations (4.63) - (4.72), 7 57y = Nsp.spy @A 1sp sy =1 5p) =0-50
and other values of parameters are in Table Al in appendix A.
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Table 2. COOL Effects with Different Cross Price Elasticities

Scenarios
Ms.or) 0 0.2 1 15
APS (million dollars) -521.88 -448.41 -138.50 80.78
ACS (million dollars) -247.72 -335.94 -708.99 -973.83
S 2.90% 2.50% 0.80%

Results are calculated with conditions in Table 1 except 774, 57 and 7 zz 5, While

holding 775y, 5y =-0.78 and 775, 5y = M5 1) -

46



Table 3. COOL Effects with Different Cross Price Elasticity

Scenarios
Meors0) =02 Miprpp) =0-75  Tgr p) =1 N (sr.50) =2
APS (million dollars) 24873 44752 -447.11 44548
ACS (million dollarsy >>>°6  -337.01 -337.50 -339.46
" 2.49% 2.50% 2.50% 25006

o

Results are calculated with conditions in Table 1 except 7, 5, While holding

(8D.8F) =0.2, 1(8p,80) = N(8F BF) -0.78
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Table 4. COOL Effects with Different Cross Price Elasticity

Scenarios
N (sp,5r) =05 Nsp,8ry =075 Mgp pry=1 Nsp,8r) =2
APS -337.76 -245.14 -152.16 223.58
(million dollars)
ACS -468.97 -580.46 -692.53 -1146.67
(million dollars)
5° 1.88% 1.37% 0.85%

Results are calculated with conditions in Table 1 except 7, 5, While holding

T(sr 8Dy = 0.2, Np.spy = Msrsry = -0.78.

48



Table 5. COOL Effect with Different Market Power

Scenarios

£=0.01,6=0.0178 £=0.0223,60=0.03 £=0.05,60=0.05
AI.J s . -530.21 -533.29 -548.60
(million dollars)
ACS -544.15 -653.44 -1193.09
(million dollars)
S 3.07% 3.14% 3.50%

Results are calculated with conditions in the foot note of Table 1 except @ and & .
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Table 6. COOL Effect with Different Upstream Oligopoly Power

Scenarios
£=0.01 £=0.0223 £=0.05
AI.J S . -530.21 -533.29 -548.60
(million dollars)
ACS -544.15 -653.44 -1193.09
(million dollars)
S 3.07% 3.14% 3.50%

Results are calculated with conditions in foot note of Table 5 except 6 and & .

Nr.ry = Mooy = -0.78, Nsp,sry = M(sr.ap) = 0 and holding ¢ =0.03.

50



Table 7. COOL Effect with Different Downstream Oligoposony Power

Scenarios
6=0.0178 6=0.03 6=0.05
APS -529.82
(million dollars) -533.29 -538.73
ACS -530.33 -653.44 -845.75
(million dollars)
S 3.06% 3.14% 3.26%

Results are calculated with conditions in foot note of Table 5 except & while holding
£=0.223.
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Table 8. COOL Effect with Different Decoposition of Aggregate Price Elasticity

Scenarios
18p,8p) = "(8F ,BF) =-0.56 11(8D,8D) =-0.776 1 sr,Bry = -1.774
1sp,8ry = M (8F,BD) =0.20 11 (8D,8F) =0.216 7] 8F BD) =1.224
APS -305.24 -335.56
(million dollars)
ACS -653.71 -617.73
(million dollars)
5 * 2.17% 2.23%

Results are calculated with conditions in the foot note of Table 5 except 75, spy+ 757 51

and x;=0.35.
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Table 9. COOL Effect on the Meat Industry with No Demand Change

Scenarios
Beef Pork Poultry
APS ACS APS ACS APS ACS
Low Cost Estimate -12.91 -74.28 -15.34 -72.68 24.14 -25.24
Medium Cost Estimate -65.14 -338.84 -50.57 -396.68 105.91 -110.71
High Cost Estimate -152.96 -900.26 -181.04 -872.24 291.74 -304.88

Computed using Equations (4.31) - (4.55) with value of parameters in Table A1 with 6, =06, =0.
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Table 10. COOL Effect on the Meat Industry with 2% Demand Increase

Scenarios
Beef Pork Poultry
APS ACS APS ACS APS ACS
Low Cost Estimate 222.84 702.83 395.71 718.48 -91.70 95.88
Medium Cost Estimate 170.26 436.75 360.24 493.39 -9.63 10.06
High Cost Estimate 81.85 -127.78 228.89 -85.26 176.95 -184.96

Computed using Equations (4.31) - (4.55) with value of parameters in Table Al with 0, =, =2%.
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Table 11. COOL Effect on the Meat Industry with 5% Demand Increases

Scenarios
Beef Pork Poultry
APS ACS APS ACS APS ACS
Low Cost Estimate 579.44 1878.54 537.33 1715.79 -167.87 279.18
Medium Cost Estimate 526.34 1610.16 518.42 1589.06 -115.95 192.83
High Cost Estimate 437.03 1040.99 448.35 985.79 2.08 -3.47

Computed using Equations (4.31) - (4.55) with value of parameters in Table Al with 6, =0, =5%.
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Table 12. COOL Effects with Different Cross Price Elasticities and No Demand Change

Scenarios
Cross price elasticities Beef Pork Poultry
APS APS APS

Low Cost Estimate Inelastic -12.91 -15.34 24.14

Elastic -5.43 -0.13 27.70
Medium Cost Estimate  Inelastic -65.14 -50.57 105.91

Elastic -19.86 -1.16 79.37
High Cost Estimate Inelastic -152.96 -181.04 291.74

Elastic -26.58 -11.44 166.48

1) Computed using Equations (4.31) - (4.55) with same value of parameters in Table Al.
2) 6,=0,=0.

3) When cross price is inelastic, 77, 5y =1 ¢ 5p) =0-2; Other wise s, 5y = 175r 5py = 0.6.



Table 13. COOL Effects with Different Cross Price Elasticities and 5% Demand Increase

LS

Scenarios
Cross price elasticities APS APS
Beef Pork Poultry

Low Cost Estimate Inelastic 579.44 537.33 -167.87

Elastic 940.98 870.81 -59.29
Medium Cost Estimate  Inelastic 526.34 518.42 -115.95

Elastic 882.83 735.28 -61.85
High Cost Estimate Inelastic 437.03 448.35 2.08

Elastic 718.64 613.98 494.02

Computed using Equations (4.31) - (4.55) with conditions in Table 12 except 6, =06, =5%.
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Figure 3. COOL effects with no demand change for domestic beef and pork
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Figure 7. COOL effects with high cross price elasticities and no demand change
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APPENDIX A-DESCRIPTION OF VARIABLES IN THE MODEL

Table Al. Description of the Parameters in the Models

Parameter Definition Value
R Retail level own-price demand elasticity for domestic beef -0.56

T1(8p,BD)

77R Retail level cross-price demand elasticity for domestic beef with respect to domestic pork 0.10
(BD,PD)

77R Retail level cross-price demand elasticity for domestic beef with respect to poultry 0.05
(BD,C)

7713 Retail level cross-price demand elasticity for domestic beef with respect to foreign beef 0.20
(BD,BF)

77R Retail level cross-price demand elasticity for domestic beef with respect to foreign pork 0.05
(BD,PF)

77R Retail level cross-price demand elasticity for foreign beef with respect to domestic beef 0.20
(BF,BD)

7713 Retail level cross-price demand elasticity for foreign beef with respect to domestic pork 0.05
(BF,PD)

77R Retail level cross-price demand elasticity for foreign beef with respect to poultry 0.05
(BF,C)
R Retail level own-price demand elasticity for foreign beef -0.56

71 8F BF)

7713 Retail level cross-price demand elasticity for foreign beef with respect to foreign pork 0.10
(BF ,PF)

77R Retail level cross-price demand elasticity for domestic beef with respect to domestic beef 0.10
(PD,BD)
R Retail level own-price demand elasticity for domestic pork -0.69

T1(pp,PD)

7713 Retail level cross-price demand elasticity for domestic pork with respect to poultry 0.04
(PD,C)

77R Retail level cross-price demand elasticity for domestic pork with respect to foreign beef 0.10
(PD,BF)

77R Retail level cross-price demand elasticity for domestic pork with respect to foreign pork 0.20
(PD,PF)

7713 Retail level cross-price demand elasticity for foreign pork with respect to domestic beef 0.10
(PF,BD)

77R Retail level cross-price demand elasticity for foreign pork with respect to domestic pork 0.20
(PF,PD)

77R Retail level cross-price demand elasticity for foreign pork with respect to poultry 0.04
(PF,C)

7713 Retail level cross-price demand elasticity for foreign pork with respect to foreign beef 0.23
(PF ,BF)
R Retail level own-price demand elasticity for foreign pork -0.69

T pr PF)

77R Retail level cross-price demand elasticity for poultry respect to domestic beef 0.21
(C,BD)

7713 Retail level cross-price demand elasticity for poultry with respect to domestic pork 0.07
(C,PD)

77R Retail level own-price demand elasticity for poultry -0.33
(c.0)

77R Retail level cross-price demand elasticity for poultry with respect to foreign beef 0.21
(C,BF)

7713 Retail level cross-price demand elasticity for poultry with respect to foreign pork 0.07
(C,PF)
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Retail level own-price derived supply elasticity for domestic beef
Retail level own-price derived supply elasticity for foreign beef
Retail level own-price derived supply elasticity for domestic pork
Retail level own-price derived supply elasticity for foreign pork
Retail level own-price derived supply elasticity for domestic poultry

Elasticity of substitution between domestic beef and marketing inputs
Elasticity of substitution between foreign beef and marketing inputs
Elasticity of substitution between domestic pork and marketing inputs
Elasticity of substitution between foreign beef and marketing inputs

Elasticity of substitution between domestic poultry and marketing inputs

71

0.15

10.00

0.40

10.00

0.65

0.72
0.72
0.35
0.35
0.11



APPENDIX B-MAPLE CODE FOR SIMULATING MODEL

Beef Sector Model Maple Program Code

> Restart;

> With(linalg);

> cool_cost_share:=0.2;

> Epsi:=0;Eomiga:=0;Egamma:=(1-cool_cost_share)*Cost*(1-kappa);Emu:=cool_cost_share*Cost;

>Eq:={

-EQ_R_BD+(etal1*(EP_R_BD-Edelta)+etal2*EP_R_BF),
-EQ_R_BF+(eta21*(EP_R_BD-Edelta)+eta22*EP_R_BF),

-EQ_R_BD+0.57*EQ_F_BD+(1-kappa)*EQ_MD,

-EQ_R_BF+kappa*EQ_F_BF+(1-kappa)*EQ_MF,
-EP_F_BD+(EP_R_BD-((1-kappa)/sigma)*EQ_F_BD+((1-kappa)/sigma)*EQ_MD+etal*Epsi-epsilon1*Eomiga),
-EP_F_BF+(EP_R_BF-((1-kappa)/sigma)*EQ_F_BF+((1-kappa)/sigma)*EQ_MF+etal*Epsi-epsilon1*Eomiga),
-Egamma/(1-kappa)+EP_R_BD+(kappa/sigma)*EQ_F_BD-(kappa/sigma)*EQ_MD+etal*Epsi, -Egamma/(1-
kappa)+EP_R_BF+(kappa/sigma)*EQ_F_BF-(kappa/sigma)*EQ_MF+etal*Epsi,
-EQ_F_BD+epsilon11*(EP_F_BD-Emu),

-EQ_F_BF+epsilon12*(EP_F_BF-Emu) }

>A_1:=genmatrix(Eq,[EQ_R_BD,EQ R_BF,EP_F BD,EP_F BF,EP_R BD,EP_R BFEQ F BD,EQ MD,EQ F BF
EQ_MF]);

>B:=matrix(10,1,[EQ_R_BD,EQ_R_BF,EP_F BD,EP_F_BF,EP_R_BD,EP_R_BF,EQ F_BD,EQ_MD,EQ F_BF,EQ
_MF]);

> C:=genmatrix(Eq,[Edelta, Cost]);

> E:=matrix(2,1,[Edelta,Cost]);

> F_1:=multiply(C,-E);

> result_3:=linsolve(A_1,F 1);

> EP_F_BD:=matrix(1,1,row(result_3,3));

>EP_F_BD:=det(EP_F_BD);

>EP_F_BD_Emu:=EP_F_BD-Emu;

> delta_star:=solve(EP_F_BD_Emu,Edelta);
>B:=matrix(10,1,[EQ_R_BD,EQ R _BF,EP_F_BD,EP_F_BF,EP_R_BD,EP_R BF,EQ F BD,EQ MD,EQ F BF,EQ
_MF]);
>EQ_R_BD:=matrix(1,1,row(result_3,1));EQ_R_BF:=matrix(1,1,row(result_3,2));EP_F_BD:=matrix(1,1,row(result_3
,3));EP_R_BD:=matrix(1,1,row(result_3,5));EP_R_BF:=matrix(1,1,row(result_3,6));EQ_F_BD:=matrix(1,1,row(result
_3,7));EQ_MD:=matrix(1,1,row(result_3,8));

For the thearetical solutions of CS and PS change.
(1) For CS change;
>EP_F _BD_Emu;

>EP_F BD_Emu:=
collect(EP_F_BD_Emu,[Epsi,Eomiga,Egamma,Emu,EP_F_BD,EP_F BF,epsilon32,epsilon31,eta22,etall,sigma,epsil

onl,kappa));

> EQ_F_BD:=det(EQ_F_BD);

>EQ_F BD:=
collect(EQ_F_BD,[Epsi,Eomiga,Egamma,Emu,EP_F_BD,EP_F_BF,epsilon32,epsilon31,eta22,etall,sigma,epsilonl,k
appa]);

Error, (in collect) cannot collect 0
> PS:=EP_F_BD_Emu*(1+0.5*EQ_F_BD);

(2) For PS change;

>EP_R_BF:=det(EP_R_BF);EQ R BF:=det(EQ_R_BF);
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> EP_F BD_0:=det(EP_F_BD);EP_R_BD_0:=det(EP_R_BD);
>EQ_R_BD:=det(EQ_R_BD);EP_F _BD:=det(EP_F_BD);EP_R_BD:=det(EP_R_BD);EQ_F BD;
>P_F BD_Q_F_BD:=24394; P_R_BD_Q_R_BD:=51002;

> Edelta:=0;epsilon11:=0.7; epsilon12:=10.00;

> PS_change:=P_F BD_Q_F_BD*(EP_F_BD-Emu)*(1+0.5*EQ_F_BD);
> collect(PS_change,[Edelta,Cost]);

> etall:=-0.78; eta22:=etall;

> Edelta:=0; etal2:=0; eta21:=0;kappa:=a;sigma:=0.005;Cost:=0.003;

> PS_change;

> plot(PS_change,a=0..3,y=-100..100);

> Edelta:=0; EP_MD:=0;EP_MF:=0;

> etal2:=0; eta21:=0;

> zeta_change:=2;

> theta_change:=3;

--------------- COOL caused Shifter

> Egamma:=0.024*(1-kappa);Emu:=0.006;

> sigma:=0.35; Sa:=0.57;

> epsilon11:=0.7; epsilon12:=10.00;

> eta_own:=matrix(3,1,[-0.45,-0.78,-0.98]);
>etall 1:=matrix(1,1,row(eta_own,2));

> etall:=det(etall_1);eta22:=etall,;
---cross demand elasticity-----

> eta_cross:=matrix(5,1,[0.5,0,0.2,1,1.5]);
> eta21_1:=matrix(1,1,row(eta_cross,2));

> eta2l:=det(eta2l_1);

> etal2:=eta2l;

----Market power----

> zeta_own:=matrix(4,1,[0,0.1,0.15,0.3]);
> zeta_1:=matrix(1,1,row(zeta_own,zeta_change));zeta:=det(zeta_1); psi:=zeta/etall;

> theta_own:=matrix(4,1,[0,0.1,0.15,0.3]);

> theta_1:=matrix(1,1,row(theta_own,theta_change)); theta:=det(theta_1); omega:=theta/epsilon11;
> kappa:=Sa*(1+omega)/(1+psi);

> Epsi:=0; Eomiga:=0;

PS & CS
>EQ_R_BD:=det(EQ_R_BD);EP_F BD:=det(EP_F_BD);EP_R_BD:=det(EP_R_BD);EQ_F_BD;
>P F_BD_Q _F BD:=24394; P_R BD_Q R _BD:=51002;
>PS_change:=P_F_BD_Q_F_BD*(EP_F_BD-Emu)*(1+0.5*EQ_F_BD);
>CS_change:=-P_R_BD_Q R_BD*((EP_R_BD-Edelta)*(1+0.5*EQ_R_BD)+(EP_R_BF-
Edelta)*(1+0.5*EQ_R_BF));

> D22:=kappa*sigma-(1-kappa)*eta22+epsilon12;
> D11:=kappa*sigma-(1-kappa)*etall+epsilonll;
> DD:=D22*D11-(1-kappa)"2*etal2*eta2l;restart;
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