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- No Such Thing as a Free Safe Lunch: ‘
The Cost of Food Safety Regulation in the Meat Industry

Abstract

[[Esing an accounting methodology, the U.S. Department of Agriculture’s estimates of the costs of
new food safety regulations in the meat industry indicate that the benefits will exceed the costs of
the regulations by hundreds of millions or billions of dollars annually. The purpose of this paper
is to develop an econometric approach to the estimation of the plant-level costs of quality
regulations, such as recent food safety regulations, that can be implemented with publically
available data. The theoretical and empirical models proposed in this study are based on the
integration of Rosen’s (1974) model of a competitive industry producing quality-differentiated
products with Gertler and Waldman’s (1992) model of a quality-adjusted cost function. Using
plant-level data available from the Census of Manufactures, quality-adjusted cost functions are
estimated for beef, pork and poultry slaughter and processing plants. These cost functions are
used to_assess the potential costs of the new food safety regulations being imposed on the
industry.|Statistical tests strongly reject the assumption made in the USDA study that variable
cost of production is independent of product safety, showing that food safety regulations affect
the overall operating efficiency of meat slaughter and processing plants. The econometric models
estimated in this study indicate that the plant-leve] costs of the regulations, assuming they are 20
percent effective, are likely to be in the range of $750 million to $6.8 billion (1995 dollars) — or
more than one order of magnitude higher than the cost estimates made by USDA. Thus, the
findings of this study cast doubt on the proposition that there is a virtual free lunch in food safety

regulation in the meat industry, and show that the costs of these regulations could well exceed
estimated benefits. ' :
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| No Such Thing as a FreeiSafe'Lunch: |
- The Cost of Food Safety Regulation in the Meat Industry

Periodic disco%/eries of fresh or frozen meats contafninated With péthogén_s such aé E co]i
0157:H7 and‘Salm'onevlla have led the Food‘and -DrugAdrhihistratioﬁ (FDA) and the Food Safety
Inspectioh Service (FSIS) of the U,_S. Depaﬁmeht of Agriculture (USDA) to mandate new |
quality-control rcgulaﬁons for the séafood, meat and pouit-ry iﬁdusuies (FDA, 1994a,b; FSIS,
1996). These new regulations ate designéd to ﬁodemizé fhe inspectilon system that has beeﬂ |
recognized as ineffective in preventing microbial contaminaﬁon (National Reseﬁch Council,
1985, 1987). | |

Economic‘ assésSmenfs of the pro;‘)‘os‘ed food safety regulations conducted by FDA and
FSIS found that the p’otential'beneﬁts éf thése regulationsr could be on the order of billions 6f
dollars, whereas the costs Wéuld be far less. These assessments impiy that the benefits outweigh -
thé costs by such a wide margin that ;che new regulationé could be vieWed as proyiding a virtual -
“free lunch” -- they imply that the meat industry could provide a substantial inérgase invfhe safefy
of its products, perhaps ‘evebn corﬁpletely veliminating all risk of fopdborne_ pathogens, for less
than 0.1 cent per pound of product. - |

The purpose of this paper‘is‘ to develop an econometric model for the estimation of the
plant-level costs of quality régulaﬁons sﬁch as the recent food safety ref‘gulations.v The empirical
- model propgsed»in this study is based on the integration of Roser,vl’sb (1974) model of a
competitive industry»producing quality-ciifferentiateci }pr(»)dﬁ:ct’sbwith Gertler and Waldman’s

(1992) model of a quality-adjusted cbst function. Using plaﬁt-level data from the Census of
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Mannfaetures, quality—adjusted cost functions are estimated for.‘beef, pork and'ponltfy slaughter
and processing plants, and these cost functions are used to assess the potential costs of the new
food safety regulations »being imnosed on the industry. |

The FSIS analysis"of the costs of the new regulations was based on an accounting
methodology that assumed that the bregulations have no effect on the overall operating efﬁeiency
of the produetion process and thus do not affect the variable eest-of production. Under this
assumption, the FSIS found that the cloyst of the regulations would be less than $100 millien per
year (in 1995 dollars), or less 'than'O.l- cent per pound of rneat predUCt. Assuming the regulations
were 20 percent effective in reducing food pathogens, the estima;ced benefits range from $Q.4 to
‘$3.8 billion (Crutchfield ef al.,1997).

The econometric model develope_d in this study can be used to test the structure of the
technology. Statistical tests strongly reject the assumption made in the FSIS study that variable
cost of production is independent of product safety, showing that food'safety regulations do
affect the overall operaﬁng efﬁciency of meat slaughter and processing plents. This is an
important result because, as shown by the data used in this stucij’, over 95 percent of the cost of
production in meat plants is vnriable cost associated with aninleﬂ and labor inputs. Consequently,
by assuming that regulations do not affect the oberating efﬁciency of plants, the FSIS anaiysis
assumed away the most significant component of the eost of the regulations.. The eeonometﬁe
models estimated in this study indicate that the plant-level cests :of the regulations, assuming they
are 20 percent effecvtive, are likely f_o be in fhe range of $750 million to $6.8 billion (1995
dollars). Whereas the FSIS estimates of regulatory costs average less than 0.1 cent ner pound of

meat product, the econometric models in this study‘ imply costs in the range of 0.8 to 27 cents per
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pound, aSSuniing the regulations ar.e 20 percent effective. Alternatively, this study finds that for

costs to be as low as those estirnated by FSIS, the regulations would have to be completely

ineffectiye. iThus, theﬁndings of this study cast doubt on the.nro’position tiiat there is a virtual
free. lunch in food safety regulation in the meat industry, and show that the costs of these
regulations could well exceed the beneﬁts estimated by FSIS.

The paper begins w1th background on food safety regulation and the methods used by
government agencies to assess regulatory costs, and introduces the approach taken in thrs study.

The next section presents theoretical and econometric models proposed for estimation ofa

‘quality-adjusted cost function for a vcompetitive industry, followed by a presentation of

econometric results. The ﬁnai section‘ discusses the use of quality-adjusted cost functions to
estimatethe- costs of food,safety regulation in the meat industry, and compares estimates based
on these eeonometric inodels to the est_imates prociuced by FSIS. .
1. Background

The market for food safety is generally charact_erized by imperfect information about
product quality, because important safety attributes such as ‘the preSence of mierobial pathogens
cannot be readily detected.. Consumers, producers, and regulatOrs ail generally have imperfect
information about the safety of food products. Nevertheless, consumers can learn about the

quality and s.afety of food products through experience, and ﬁrrns can establish reputations for

‘product quahty and safety. Recent experlences with ground beef contamination with the

pathogen E coli 0157: H7 demonstrate that producers face substantial legal 11ab111ty and
economic losses from producing and selhng unsafe foods. Combined w1th the limited

effectiveness of USDA inspections to detect food pathogens,- it can be concluded thatthe safety
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- of fresh meats and poultry is regulated largely through market mechaniSms, ‘with federal

regulations playing a relatively minor role.

The presence of imperfect information in food markets is used frequently by economists
as ajustification for food safety regulation (e.g., Council for Agricultural Science and
Technology, 1994), but Whether or not a regulatory regirne can be designed that yields henetits
greater than costs is an empirical question that remains ,to be answered (Antle,: 1995, 1996).
Indeed, economists have long recognized (Demsetzi 1969)‘t’hat the key duestion in regulatory
design is not whether there are market failures, but rather whether regulations can be designed
that generate benefits in excess of costs, a point that has bee_n‘;reiterat’ed recently (Arrow et al .
1996). Consistent with ,this view of regulation, the United States government hegan to subject

new regulations to closer scrutiny. in the 1980s. President Regan issued an Executive Order

‘requiring federal agencies to conduct Regulatory Impact Assessments of major new regulations

(Smith,.l984), and this order has remainedlargelyintact under Presidents Bush and Clinton.

If effective, ‘new food safety regulations could enhance the safety of the nation’s food
supply by reducing the presence of microbial pathogens in fresh and processed foods. Whether
or not they are effective, the new regulations would be expected to raise the industry’s cost of
production, and thes_e higher costs could have signiﬁcant »economic consequences for both
producers and ‘consumers.v Ultimately, the costs of complying w1th food safety regulations in a
competitive industry are largely passed on to consumers through higher i)rices. |

The competitiyeness of the meat slaughter and processing industry has long beena
subject of debate in the livestock industry and among'economists and goyemment agencies. “The

most recent round of debateculmin‘ated in a review of concentration in the meat packing industry



No Such Thing as a Free Safe Lunch: The ‘Cosvt of Food Safety Regulation in the Meat Industry 5 '

(Packers and Stockyards Programs, 1996). Academic research provjdes some evidence of
| monopsony power being exerted by meat packing firms, but there is no evidence of monopoly
power in product markets (AzZam and Atlderson, ‘1 996). The industry has oecome idcreasingly
concentrated, with most of its outplit being produced in latge plants owned by the four largest
firms (Oilinger\et al 1997). Some argue that food safety regulations place small firms and
plants at an economic disadvantage, flnther hastening _industrynconcentration (Crutchfield et al.,
-1997). The beef industry has faced growing competition from pork and poultry, and some argue
that differertces in inspection requiremertts creates a cost disadvantage for the beef industry.
Differential costs of 'co'mplying with food safety regulations would irt turn raise the cost of beef
to consumers relative to other»r:neatsv’.r
The regulatory impact ass,essrhents conducted by FDA and USDA utilized the scientific
literature on food-borne illness to estimate the potential beneﬁts of reducing such risks (see -
reviews in Council for Agrieultural Science and Technology, 1994, and Cas“‘/ell,r 1995)..
Although one could alwayqudestion some of the assumptions or‘methods. used, there is
nevertheless a scientific basis for these beneﬁt estimates. Hvowever, on the cost side, there is
little published researeh on the potential costs of food safety regulation in the food processing or
meat p‘acking industries. To estimate costs, both the FDA and FSIS utilized an accounting
methodology whellreiynr the cost vof each component of the regulation (e. g‘;, implementation ’of
standard operating procedures, training personnel in quality control methods, and keeping
records), is estit’nated for represetltative small and large plants. These plant-let/el co_st estimates
- were then used to estimate the indu‘stry-wide costs of the tegdlations by multiplying them times

the number of plants in each size category and summing over categories. ’
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From an economic ‘perspective,‘this accounting approach to cost estimation has several
shortcomings. First, the cost esﬁmates are based on limited data available to the ageﬁcy, and in
some cases these data must be k\supplemented with the sﬁbjective judgemeht of ’agvency personﬁel.
Just as regulators cannot effectively tailér process-based regulations to each plant, neither can

they know the way that the ‘impi'er'nehtationkof regulations will impact a plant’s operation and its

“cost of production. Considering the regulatory agency’s vested interest in the regulations,

subjective cést estimates may ‘be biased downwa.rds.

Second, in the applicétiéﬁ of the accounting approach, the costs of producing a safer
produci are assuméd to be fixed costs. The costs of making certain 'process modiﬂcati'oryls are
estimated, but the effect of the regulaﬁohs on the overall operating efficiency of the process is
not considered, and thus is implicitly assumed to be zero. This assumption of what Braeutigam
and Pauly (1986) call quality exogeneity contradicts the fact that process-based quality control
systems in food processing and meat ‘packing are an integral part bf the production process. In
meat slaughter and processing, for exampie, one of the keys to the efficiency of modern, large
scale plants is thé speed of slaughter lines. Any regulation that slows line speeds will reduce the
overall operating efficiency of fhe plant and raise average variable cost. This study shows that
variable costs represent more than 95 percent of the total cost of production for large plants.
Consequently, mbdifyihg production processes so as to achieve highér product quality can result
in substantiél increases in the coét of productidn. 'Data presented in this paper demonstraté that
the increases in variable cost associated with higher quality can dwarf the fixed costs of quality
control in meat slaughter“and processing plants. |

The purpose of this paper is to develop an econometric model for the estimation of the
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plant-level costs of quality regulations, such as recent food safety regulyaiions,r that can be made '
.Wiih data publicly 'a’voilablev’to researchers. This econometric opproach oVe_rcomes limitations of
the accounting approach utilized ‘by regulatory agencies: ﬁrst, ii can be subj ecred to independent '
validation becziuse it is based on 'publicly available data; second, it is based‘kOn data representing
the industry’s actual production technology; and third, the econornetric, approach provides the
basisfor speciﬁcation ‘rests, including a test for the dependence of Variable cost of production on
product‘ safety, i.e”., a test for quality exogeneity. |

The empirical rnodel proposed in this study is based on Rosen’s ( 1974) model of a
competitive industry prOducingi qualitsrqdifferentiated products,' ond on Gertler and 'Waldman’s
(1992) model of a quality-adjvusted cost ﬁ,rnctionl.r Using plant-level data‘ava.ila-ble from the
Census of Manufactures, QualitY—adjusred cost. bfunctionsare estirna'ted 'for beef_,. pork dnd poultry
sIaughter and processing plants, and these cost functions .“are rused to ‘assess the potential costs of
the new food safety regulationsbeing imposed on the indusrry. The importance of using plant--
level data for this analysis is underscored by evidence that uggregate data for the industry fail to |
satisfy conditions for aggregd‘iion (Chambers, 1988) and by evidence i:hat aggregetion fails -
because of heterogeneity across pl_ants (Bertin, Breshnahan and :Roff, '199"6)’. Tnis finding seems
particularly relevant in the meat industry where plants :run:’ge in size frorn l‘essbthan 10 employees
~ to more than 1000. |
Gertler and Waldman (1992) showed how a quality-adj'ustedv"cost vfunction: (i.e.,acost
 function for a production process in which outpui‘and product quality' are treated as joint |
products)‘ c'an‘ be‘estimated econometrically.' In their model, a nursing nome is e ﬁrm with

monopoly power in its local market, and quality is an endogenous variable unobserved by the
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econdmetrician. They shdwe’d that althoﬁghrquality is unobserved, vériation in derhand variables
can be used th ideﬁtify quality paraméte;s ina quality;adjustéd translog cost functibn’. Av key
aspéct of the Gertler-Waldman modei is the épatial organization of the nﬁrsing home industry, |
which allows them td use spatiél yarjation in the derﬁand variablevs'b to identify the quality |

parameters in the cost function. The spatial organization of the nursing home industry does not

characterize the meat industfy, hoWever, because there are many firms in the meat industry

competing'in what are "best devscribed as large regional, nation’al,‘ and evén internatiohal mérkéts.
Conseqﬁently, the Gerﬁler;Waldmé.n technique lof usihg variation in demand variabléé acréss
firms to identify quality parafheters in the quality—adjusted costifunction cénnot be uéed because
many of the firms in the meat industry face similar demand 'cénditions.

The safety of meat products (the presence or absence of microbial pathogens) is also not

observable by the econometrician. Indeed, given that it is infeasible to test each product leaving

a meat plant for thé présence of péthog¢ns_, and that reliable tests do not‘exist for all maj ori
pathogens, meat producers themselves lack &ata on produét safety. (Many plants coﬁduct tests
for pathogens but theée data are closely héid proprietary information). A major éontribution of
this study is to demonstrate that by cmeining a cost function with a hedqﬁic, model, economic
data can be used to infer the costs of producﬁ safety.

2. Theory and Estimation of Quality-Adjusted Cost Functions Under Competition

In this section we describe a market in which competitive, price-taking firms produce a

'quality-differentiatédv product. Because the spatial organization of the'_market depends on the
‘location of plants and not firms, we henceforth define a production unit as a plant, making the

~ assumption that a sufficient number of firms (the owners of plants) are present in each market for
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compétition to preyéil. We shall consider several alterngﬁve assumptions ai)dut the 'spéfigl
organization of t‘hévproduct and factor ma>rkets:v
Assumption D] :' All plaﬁts in the industry sell into the same market; eg a national matket, and
vthus face the sa_rhe demand »Conditioné defined by the‘ vector Zof :dema;nd variables_»(i.e., income,
prices, and demographic Variabies).
Assumptfon D2: The peruc‘é rha;ket is divided into regions. A,IlJllahtrlocated in the f‘h region sells
its product in‘the ™ regional mﬁfket and faces de‘mand conditions deﬁned by the vector Z, of
demand variables.
Assumption S1: Each piant purchaseé an input vector x iﬁ the same market, e.g. a ﬁational
market, and thus faces thé; same véctor W of factor‘prices. '
Assumption S2£ Plants in the r“‘ vre"gion purchasev inputs X in regional facfbr markets at prices W.,.
Fo‘llowing Rosen”s‘ (1 974) idéscvription of _é competitive industry with produét |
differentiation, we assume that there are demanders and suppliers of a ,quality-differéntiated
product sufficient to generate an equilibﬁum hédohié price equation for the industry. Let product
demand be described by the function Y¢=D( P, Q, Z), where P is the price" of Y, product quality
is déscribed by a scalar indeX Q, and Z is a vector of othér defnand variables. The demand
‘function satisfies the usual pr&perﬁies and Dy > 0. Market supply is gi;/en by:the function |
Y =S(P, Q, W, K),. where W‘,is a vecto'; of factor priceé é.nd K 1s the industry‘ capital ’st‘ock. The |
‘ ‘supply fdnction also satisfies conVc;ntionai properfies and S, < 0. Equating suppiy and demand
yields an invefsé hedonic price function Q = F(P, Z, W, K) with ihe propeﬁy thaf Fp > 0.
Comparative static prépe‘rties ‘imp-ly fhat derivatives with respect to Z are opposite in sign from

the derivatives of the demand function, and the derivatives with respect to W and K have the
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same sign as the derivativeﬁs' of thé supply function wifh reSpéct to these variébles (these results
are easi-ly‘,derive‘d with constéht ’e“lésticity supply and demand functi‘onsl).
. An individual firm faces both long-run é.nd short-run deci_siéns as in the conventional .

theory of ‘the“ﬁrn‘l. In the short run, a firm chooses output 0 maximize expected hét réturﬁs,

~ taking capital and eﬁpected qué}ity‘as given. Expected duality is _:taken as fixed in the shdrt ruﬁ

“because the productionr of quality is clésely linked to a ﬁﬂﬁ’s capital sféck and technology.

Quality is produced in the rﬁeat seétor én’d othér food indﬁstrigé thpugh thg use of V,arioﬁs quality
control tecimol_ogies, including‘ thé Hazard "Analysis Critical Control Poinbts> (HACCP) btechnolégy
required: by new regulati'ons (C_rlkltchﬁ‘eld et ai., 1997)‘ These quality Controi programs require
investmentrin‘ specific capital aﬁd managemént that are independent of the rate'of outplit in any
givén time period, and thus are a paI,'t‘ 6f a plant’s fixed capital and management. Mofeover, the

| ability o‘f a.plzfmt'to sell a product that is safer than avcrage'depénds on its ability to establish a
réputati§'n for safe prodﬁcts. ‘This safety reputation can bé fhought of as a form of the “brand
name capital” diséussed by Klein and Leffler (1981 ) and othgrs (Stiglifz, 1989). Thus, in the
short run, a plant chooses to prodUcev a particular output y, gi‘venkits planned quality q, its capital
stock k, and variable factofpriéeé w. Given its planned quality, é plant’s expectéd pfoduc_t price
is derived from the market equilibrium price ﬁmétion by solving q = F(p, Z,>W,_ K) for p. Letﬁng |
a plant’s cost function for 0utput y and quality q be'é(y? q, W, k), in the Short run a plaﬂt chooses

y to maximize expected net returns T = py - C(y, q, w, k) as in the neoclassical theory of the firm.

Implications for Econometric Estimation

1f measurements of q were available, the cost function could be estimated using standard
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: ecohometric methods Witﬂ plant—lt;vel data. But q is not geﬁerally obseryed, ‘sc‘).the invérse
' hedonic ‘price function F(b, Z, VW, K) éan -bc.éubStituted into thﬁe'COS‘[ functidn to obtain C(y, F(p,
Z, W, K), w,.k)‘:‘which‘ isa funcﬁoh of observable variabl’ers. Thisﬁ_ pfocedu're is mathemafically
| sirﬁilar to tﬁe p_rocedu;e ‘used by>Gekrtler and Waldman,ﬂ except tﬁat in théir modél 'q is replaced by
the reduced-form quality supplyr' fﬁnction of the form G(y, w,y Z, kj. However:, note that the . |
, hedonic functioﬁ F defines the ‘mérket equilibrium price—quality relatioﬁship which depends on
the output pricé‘rather thaﬁ the plant’s output. Moreover, F depé_nds .(:)n Qa:iableS_Z, W and K
that shift the matket supﬁly ﬁinctic)n, wheréas Gvdepehds on the ﬁrm’s input:prlice'Ve;ctor w ar‘1d> |
capital stock k. |
Gertler and Wéldmén’s analysis was concerned with a produét market With the Sfruc_ture’ :
- defined by Assumption DZ’ éo that identiﬁCatioﬁ of the qualifyparﬁmeters in thé cost function
could bé sécured by variati'on in Z across §bsewati0ns. To implement é model based on
Assumption D2, apprﬁpriaté derﬁaﬁd vafiables. such as income and pépulatibn are needed for
eaéh plant’s market, aﬁd there w‘oﬁld have to be enough Variatioh in demaﬁd \}ariables across
markets to be useful Statistically,. In 'the case of ‘ meat plants, Asstimption D1 is more plausiblé,
especially for Iargér»plants, because thése plants export méét okf théir pfoduét into regional,
national- and internation»alrmarkets; Clearly_, in suéh cases plant-épeéiﬁc derﬁand '_{/ariables are not
available to identify"tvhe quality" parameters of the model. The difféfénce betv;/eeh the model
developed here and thek(r}ertlle'r-Waldman model is»thét fhe output p_rigé réplacés output in thé
reducéd-fOrm model. ; Thus, even fhough the vector of demand \varibables:Zv doe‘s. not vary across -
| plants, the output price p doés" 'vfary across plants and can be used to identify thveb Qué}lity

- parameters in the cost function. In the following section this model is used to épecify and
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estimate cost functions for‘the meat industry.
3. Qﬁality-Adjusted Tranélog Cost Functions for Meat and PolultrylPlants
This séctiqn reports estimates of restricted, quality-adjusted translog variable éost

func;[ions C(y, q, w, k) for beef, pork and boultry plants in the United States. Variable cost is
cémpriéed of animal (M) and production labor (L) iﬁputs (other \}ariable-costs such as energy are
a very sméll share of cost and are assumed proportional to outpu“cand not included explicitly in
the model). The ﬁxll translorg model is specified as
(1) InC=ay+ aylnwy,+ o lnw, +0e4, (Inwy,) + 1/2OCLL (In w)? + tyg In wy Inw,

+, In y + 1/2‘?)),}, (Iny)’+ By Inylng+ By Inynwy,+f, lrv;y In w,

+Pylny ln k+ 'Yq ln’vq + Y2y (In q)b2 + Yom ln qln WM +Yq Inglnw

+ yql; Inqlnk+ Sk Ink+ Y2y, (In K)* + 8,y Inkinwy +8; Inklnw.
Applying Shephard’s lemma, the first-order condition for animal iﬁputs is:
(2) Sy =0y T Oy ln}wiv[ +og Inw + Py lny +yylng+8,Ink
where Sy, is the animal cost share. Th;é conditions for linear homogeneity of the cost function are
A3) Oy T 0 = 1, gt 00 =0,7=M]L, Bym + By =0, quﬁ + Yoo =0, Oy T 8g, =0.
Note that symmetry of o,; and e, and the condition ey, ;o J-” =0, j=M,L, imply that dMM =
Oy, = Ol = =Oyg

Whplesale markets for meat products differentiate three qualify dimenSioﬁs, one reléted

to taste (represented by USDA grades fof red meats), one related to safety, and a third that
représents other non-food quality aspects of the product such ésthe quality of packaging,
reliability of delivery, etc., for which a buyer may be willing to pay a price premium (référréd to

henceforth as reliability). Quality grades assigned to red meats by USDA inspectors are based on
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‘observable characteristics related to the taste and tenderness of the meat. All meat products are-

also inspected for safety by either state or federal agencies, but irnportant safety characteristics

" such as microbial pathogen contamination are not observable using the conventional (visual,

smell touch) inspection procedures Therefore during 1987 and 1992 (the years used in this

study) the market for products meetmg higher safety standards had to be supported by ﬁrms

reputations for quality and safety. Thls remains true up to the present time, despite the
1ntroduction of new USDA regulatlons, because of the h-1gh cost of tes‘ting every fresh meat
product for pathogens andthe lack of reliable tests for all pathogens. '

For estimation purposes,“ qualityis modeled as q = q(G-,S,R) vsthere Gv representstaste and
other attributes related to government grades, S represents safety, and R represents other quality
attributes (reliability). Equatmg thls quahty function to the inverse hedomc function q = F(p, Z,
W, K), ut111_21ng a log-linear representation, and solvmg for S, we have:

4 InS =t,+15In G+ fR lan'+ T,lnp + T, InZ + 1, In Wy, ‘+irL In Wy, +_tK In K. -
Itisa straightforward enercise to show that this is the ekact form of the hedonic function if the
aggregator function q(G,S.R) and the market demand and supply equations are log';linear.
Observe that by solving this function in terms of safety S, units of safety are being used as the
numeraire units of quality. 'l"hus, 1n this model units of ‘quality are eqiiivalent to units of safety.

USDA grades"are'not'observe’d in the data but because rnost pllantsrbuy livestock from |

markets in lots that are not substantlally differentlated by quahty ¢ ones et al., 1992), the average

grade of meat produced by plants should be randomly distributed across plants Thus meat grade

: l

‘ismodeled simply as In G =pg + €, ‘where L is a constant € is an independently distributed

random variable with mean zero and constant variance. Equation (4) must satisfy zero
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homogeneity in pr(‘)du_ct' price, input prices and income because it is derived from supply and

demand functions (this is dernonstratéd by deriving eqliatiOn‘(4) explicitly from log-linear

demand and supply eqnations).' The_nnits of quality arerarbitrary, allowing one of the parameters

to be normalizéd to unity, so let T, = 1 without loss of generality. Interpreting Z as income, the

zero homogeneity condition is Ty, + T + T, =-1. Thus, even when there is no variation in

income across plants (as under Assumption D1), the income elasticity t, can be identified iis_ing .
the zero homog'enéity i)roperty of thé hédonic model. -

In models with unobserve’dv Variables, t’he‘ intercept term “('r(‘) + qu is not identified. The
industry capital stock K does nnt vary across plants so its paréinéfer Ty cannot b¢ identiﬁed. | In
estimntion tiiese unidéntiﬁed paiamcters are absorbed in‘t»ofthe'parameters of the reduced form, so
to simplify the preséntation,of the model thev parameters Ty, g and Ty aré,hénccforih exi:luded.

There is spatial variation in livestock prices due to differenc_es in feed prices and

~ transportation costs, and there also are regional wage rate differences. Therefore, Assumption S2

is maintained and factor pric’eé péid by the plant are used in the hedonic funétion. Maintaining
Assumption D1, tilat income and othei’ demand variables do not i/ary across plants, pafametér T,
is droppied from the model. Wi’[i‘i these modiﬁcations; equation (4) can bé réwritten as: -
(5) 1InS =erln.R+ lnp+r‘_,\,[1an>+r’L1nwL +e.

With the linear homogeneity _nnnditions (3) imposed, substituting (5) iﬁtq (1) and (2)
gives the re-:duced-forrn cosit }ﬁmc’iinn and share equation: |
6) IhC=ay+(oy+ YqTM) 'm Wy + (1-0y + YqTL) lnFWL

+ (Va0 + 1/ZY‘qurviz, + YquTw) (In WM)z + (Vg + l/zYtithz "k'quviTL) (In w)? :

+ (- G + YqMTL ‘ YTy T L) ln Wy In wy + By lnvy‘ +71/2Byy (ny) + ﬁyq InR Inp
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+ Byq In'y Inp + (Byy + ﬁy'q Ty Iny Inwy + (B + By T ) Iny lnwy +By Iny In k+

b T In R+ 710 P+ (YT HagTe T) 1R 10 Wy + (Yagc + YogFar) In p In wy

+ (Y TR = YoqTr TL) in Rlnw, + (-You - YoaTo) INp In W + yg,Tp Ink InR

YT InK In P+ (v Ty + B ) In K In Wy + (Y70 . 6kM ) Ink In w, + ¥y, T (In RY?

+ Yoy (Inp)* + yq%tR InRlnp + 6k Ink+ %0, (Ink)* +u
() Su= e+ (e + Yo ) In Wy + (g Yo T) I W, + By Iny + Y4 T IR

+qulnp+6lenk+qu €.

In equation (6), uis a he‘tervos‘cedastic error term that contains model parameters and variables
from the interactions of the error term € with variables in the cost function. This error term is
derived expliciﬂy in Appéndix A.

As discussed by Gertler and Waldman, the parameters of this model are identified by
virtue of the normalization,in the quality equation, the linear homogeneity restrictions of the vco’st '
function; and the across-equétion réstrictions. In addition, this model is identified by the zero
homogeneity restrictibn in the hedonic function. To illustrate, sét the quadratic terms involving
Yaq and Y1 =Myk equal td zero. Then one can readily verify By inspection that the linear
output price term (In p) identiﬁés Y, » the intercept of thé share eﬁuation identifies o, , and the
reduced form coefficients on In Wy and In w£ can be used to solv‘§ for 1), and 7.

Data, Estimation and Testing

The data were stratified 'iﬁto samples for beef, por:k,’ and poulty; and into groups of large
plants (producing more than IOVOFmillion pounds annually) and small (producing less than 100
million pounds). This sfratiﬁcation was choseh for the analysis based on several criteria. First,

as Table 1 shows, most of the industry’s output is producéd by larger plants, suggesting that the



R

No Such Thing as a Free‘Safé Lunch: The Cost of Food Safety Regulation in.the Meat Industry - ‘ 16

large group includes all of the 'largevscale commercial plants, whereas the small group cbntains
plants that operate at a much smaller scale. These small plants ténd ﬁo producé specialty products
and compete in local or regional markets, and thus, are likely to have different technologies’ than
the large scale plants. Second, this stratification contains eno_ughplants operated by ‘diff_eruent
firms to satisfy the 'Census"di‘sclosure'rules, so that the summary statistics and parameter
estimates can be puhlished. Third, this stratification prnvides a safnple size large enough for
each group to provide adequate degrees of freedom and variation in the data for statistical
estin1ation. Table 1 ,aiso shows ‘that‘ thevvariable costs of these plants are dominated by the cost
of animal inputs, and thaf Variéble cOét»represents 90 percent or more of total cost (more than 95
percent in the case of large plants). |

Equations (6) and (7) were estifnated using plant-level data from the Census of
Mnnufactures for SIC code 2011 (bnef "and pork‘ slaughter and processing) and SIC code 2015
(poultry slaughter and processing) for the years 1987 and 1992. As described in Appendix B,
product categories at the seven-digit level‘were used to identify beef, pork and poultry plants and
to measure output and inpnt quantities and prices. Although some observations were discarded
because of missing data ahd outliers, these remaining data represént virtually all of the output
reported by the Censns for the induétry in each year. The equation system 'nvas esﬁmatéd using
the nonlinear seemingly unrelated regression rnutine in the SAS Model Procedureﬂ. ;

The error term in the: cost function equation (6) is heteroscedastic due to the error tenn
introduced when equation (55 is Subétituted for q in equation (6). The effect of
heterdscedasticity was investigated by cornparing unweighted models to models weighted by

exogenous variables. Parameter estimates and implied costs of safety regulation (discussed in the
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following section) were similar with the two approaches, so the unWeighted results are reported.
It was not possible to employ an estimator that eXplicitly accounted for the exact form of the
heteroscedasticity (as discussed in Appendix A) because the software needed for implementation
of this type of estimation procedure was not availahle at the'Census site ‘where th’e data must be
used. | .

The following speciﬁcation tests were performed: to test hypotheses for the pooling of -
data across years and across plant size groups; for the exogeneity of s-afety with respect to
variable cost (the signiﬁcance of the safety variable in the cost function); and for the functional
,fo‘rm with respect to safety (log-linear versus log-quadratic) (Table 3). The pooling, safety
exogeneity, and functional form tests’were constructed as nested Chi-square tests following the
procedures described in Gallant and Jorgenson (1979). The tests‘ for pooling data from 1987 and
1992 show that pooling cannot be rej ected for beef and poultry but is rejected for pork at the 1
percent level. The tests, for pooling small and large plant sizes shows that the hypothesis is
rejected for beef, pork and poultry.d Because the sample sizes do not allow the samples to be
stratified by both years and plant ‘sizes, theremainder of the testsv maintain pooling of 1987 and
© 1992 data, and stratify by plant size.

Under the maintained hypothesis that the cost function is translog, safety exogeneity
holds if and only if the parameters Yq,‘ Yo and Yy, i=M,L.K in equation (1) are equal to zero.
Table 3 shows that this hypothesis is strongly rejected. The test for log-linearity of the cost
function in safety is a test for the joint significance of the parameters y"qq and Y g FM,LK. This
hypothesis is clearly rejected for large plants for all three meat types, hut is not strongly rejected

for small plants. Gertler and Waldman (l992) assumed that the parameter y,, = 0 in their
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analysis of the nursing home industry. Examining the t-statistics for these parametersvin Tables

- 4,5 and 6 shows that these parameters are s‘tati.stically significant for large beef and poultry

plants, ihdicating that in sbme cases the assumption that this parameter is zero may not be
consistenf with the data.‘

Tables 4, 5 and 6 present vparar_ne’ter estimates of cost and hedonic functions for beef, pork
and poultry, for small and large piant gr(,)ups.' Full translog cost modeis and models vlog-li'near‘in
safety are presented. All of the statistically significant factor price parameters in the hedonic
functions have the theoretiéally implied négétivc sign. The paraﬁleter of the management
vériable, the proxy for the feliability dimension of qﬁality, has the éxpe_cted negative sign in some
cases and positive signs in some cases, suggesting that this variable may not be an appropriate
proxy for residual quality attriButes such as réliability. Ih results nét reported khere, regional per
cap‘ita income was not statistically signiﬁcaﬁt or héd the theoreti;:ally incdrrect sign,vand similar
results were obtained with other demographic variables such as education. These findings
support the .hypothesis that meat inarkets are national and hence regional variation in derﬁand
variables is not adequate to identify.the parameters of th¢ hedonic function. Hence, hypothesis
D1 appears to be consistent with the data. |

To interpret the implications bf the models, Table 7 presents the elasticities of cost with

respect to output and safety. The output elasticities were computed at each data point and

averaged. Table 7 shows that both small and lafge' beef and pork plants are operating at close to

constant returns to variable inputs (recall that these restricted cost functions hold capital fixed, so

these cost elasticities cannot be interpreted as measures of returns to scale). Poultry plants, in

contrast, appear to exhibit increasing returns to variable inputs.
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| In the éafety dimension, the full qﬁadfatic translog models indiéate é‘positiv’e elasticity of
coét with respect to safety, as predicted by economic theory. The elastic‘itiés indicate inéreasing
returns to safety for all but small beef plants. Only the beef eiaéticities iﬁdicate a substantial
-difference befween small and large plants. Table 7 also presénts ‘the‘ saféty cost elasticities from
the log-linear models reported in Tables 4, 5 and 6. These ela’sticitieé are all highly statistically
‘significant. Recall that thej hypothésis of log-linearity in safety was not rej ected for émall plants
bﬁt was réjected for large pléﬁté, so the large plant estimates may. be biaséd by the imposition of
the restrictio’n. The estimates for small plants imply somewhat lower elésticities, but the pattern
between smali and large plants is the same as with the mean elasticities implied by the} full
quadratic model. |
4. Benefits and Costg of Fvbod Safety Regulations
| In July 1996, the Food Safety and Inspéction Service (FSIS) announced new regulations
for all meat and poultry plants. b"Allv slaughter and processing plarits are ndw required to adopt the
system of process controls known as Hazard Analysis and Critical Contfol P(‘)ivn‘,[s (HACCP). To ,
verify that HACCP systems are effective in reducing bacterial contaminafion, pathogen reduction
performance standafds are being established for Salmonella, and slbyau'ghter\plants are required to
cohduct r’ni:crobial tcsting for génefic E. coli to verify that fheir process contfql systems are
working as intended to prévent fecal contar‘nination‘,‘ the primary avenue of bacterial ’
contamination. - FSIS is also rrequi;ing‘ plants to adopt and follow -Written‘standard operating
procedures for sanitation fo redﬁce the likelihood that harmful bacteﬁa will contaminate finished

products.

The USDA’s mandatory HACCP regulations and standard operating procedurés are
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process design standards and it is unclear how effective they will be in reducing pathogen
contamination. Lacking experience with the performance standards that are being implemented
for Salmonella and generic E. coli, it is also unclear how effective they will be. In the FSIS’s
initial Regulatory Impact Assessment, it was assumed that the regulations would be 90 percent
effective in eliminating risks from pathogen contamination. After being criticized for this
assumption, FSI‘S concluded “...there is insufficient knowledge to predict with certainty the
effectiveness of the rule, where effectiveness refers to the percentage of pathogens eliminated at
the manufacturing stage™ (FSIS, 1995, as quoted in Crutchfield et al. 1997). In the regulatory
impact assessment of the final rule, FSIS utilized a range of effectiveness from 10 to 100 percent.
The only other attempt to assess the effectiveness of these regulations ex ante is the study by
Knutson et al. (1995). In that study, a group of experts in food microbiology estimated that the
proposed regulations were likely to be 20 percent effective.

To estimate the cost of the new regulations, the level of product safety that was achieved
before the regulations are imposed also must be estimated. Recall that the units of quality in the
econometric model are defined in units of safety. Because safety is unobserved, the units of
safety and its base level are not defined by data contained in the model. Nevertheless, we know
that prior to the new regulat\ions, some degree of safety between zero and 100 percent was being
achieved by plants in the industry. Let the level of safety prior to the new regulations be S
percent, so that 0 < § < 100. It follows that if the regulations are e percent effective in reducing
pathogens, the observed level of safety is increased by e(100 - S) percentage points or by e(100 -
S)/S percent. For example, if the new regulations are 20 percent effective and the level of safety

prior to their implementation was S = 70 percent, then the regulations would increase the level of
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safety by 0.2(1>00 -70) = 6 percentage points, or by 6/70 = .0857 peréen‘p. Extensive data have
beén collected about thé prévalence of food pathogens (Councilk for Agricultural Scienée and-
Technology, 1994). Surveys of raw meats and poultry show that prevalence of various pathogens‘
ranges ffom Zero td 100‘percent, with many in the range of 10 to.50 perceﬁt. Therefore, in thié
analysis, the regulatory'costs are estimated assuming the 1e§e1 of safety prior to the new
regulations raﬁged from 50”to ‘90 percent. |

| The econorﬁetric cost functioné presenfed above embody the technology utilized by the
industry during the 1987-1992 period. To use these cdst functions to estifnate the additional
variable costs thaﬁ would be asst‘ciated With new regulations, we assume that pﬁor to the
imposition of the regulations plaﬂt$ are pfodticing products that are S, percent safe, and after the
new regulations are imposed plants would produce products thaf are Sp> So peréen‘t bsafe. This
higher level of safety is obtai‘ned' by implementing changes in plant éperation that impréve safety.
It should be noted that the meat industry utilized HACCP and felated quélity-control methods
prior to the néw regulétibns, and that the néw regulations amount to imposing a uniform set of
quality control standards on the indukstry. It is argued by ecoﬁomists vfhat mandatory process
standards are likely to be more cosﬂy than the technolégies‘ that would be voluntarily adopted by
firms to meet an equivaient pefformance standard (Coﬁncil of Economic Advisers, 1990). |
According to this logic, the costs implied by a cost function estiméted froxh obsérved plant data

prior to the implementation of regulations might underestimate the costs of meeting mandatory

“process standards.

The annual net benefits from implementing a regulation that is e percent effective,

starting from a safety level of S percent, in i= 1,....N plants is
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NB(G,S) = TBe - (Nsmall ) VCsmall ) Esmall + Nlarge ) Vclarge ) Elarge) ' G(IOO-S)/S

- Nsmall -FC

small Nlarge ) FClarge

where

e = effectiveness of the regulations (percent reduction in pathogens)

S = percent degree of safety prior to imposition of the regulations

B - total annual benefits of eliminating food borne disease in meat and p‘oultry

. E, = elasticity of cost with respect to safety for i=small, large plants

N, = number’0f‘ plants for i=small, large groups

VCi = Variatble cost for i=small, large plants

FC, = annual fixed cost of implementing the regulations for i = small, large plants.

Note that this cost‘calculation is based on an average elasticity and an avcrage Variable
cost for the small and large plant groups. Alternatively, it is possible to calcuiate the cost for
each plant in the data. The approach using meari Values to represent small and large plant groups
is used here because it allows the regulatory costs to be estimated with the data contained in
Tables 1,2 and 7. The cost calculations for each plant in the data have tok,be made with the
confidential Census data that are not readily accessible by other researchers.

According to FSIS, if the new regulations are 20 percent effective, the benefits would be
1n the range of $400 million to $3.8 billion (in 1995 dollars). The annual costs of the regulations
were estimated to be less than v$100 million (Crutchfield et al., 1997). Usingthe fuil quadratic
cost function parameter estimates presented in Tables 4, 5 and 6, the costs of this 20%
improvernent in safety‘ were estimated for prior safety levels of S = 50, 70 and 90 percent. Table

8 shows that the increase in total variable cost for beef, pork and poultry plants is estimated to
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range from $752 million (1995 -dqilers) assuming p’roduct‘s were 90 percent safe pr,io:r to the new

_ regulations, to $6.8 billion asvsAuming products Were 50 percent safe prier to the new regulations‘.

Combined with the FSIS eetimate of ‘annual fixed costs of about $60 million_,‘ the data in Table 8 -

show that the costs Qf the new regulkati_ons are likely to exceed the benefits by. a substantial

margin if the prior safetyblevel 15 in.the 50 to 70 percent range, OI} if the beneﬁes are in ‘the lower

- range of estimated Vaiues. If fhe prior safety level is 1n the 70 te 90 percent range abndvbthe
benefits are in'tﬁe highef_fange of eetimated values, the benefits may exceed the costs. Thus, the
data presented in Table 8 cast doubt on’ the FSIS conclusieri that the .beneﬁts of the regulatiens
aré likely to exceed the e(')sts by a wide margin over the ifuyll range of their beneﬁt estimates.

The FSIS estimateé implyrthat regulatory costs are less than 0.1 cent per pound,

‘ regardless of the effeCtiVeﬁeés of the regulations (Crutchfield et dl., 19‘97),. Table 8 shows that
the regulatory cos“t per pound coulc‘l‘be as.high .as,27 cents for emall beef plants Operating ata
safety level of 50 percent before the regulations. The per pound cost falle to as low as 0.8 cents
per pound fof large i)oultry planté operating ata prier safety level of 90 percent.

The data in TaBle 8 also show that the costs are generally higher for small beef and
poultry plants than 1arge planfs, with ’small plants experiencing a20 ,‘[:0'40 percent greater cost
increase than the large plants. ,However; this difference does“‘noty épbear to hold for pork plants.
The data in Table 8 also show -that beef pl’efints are ﬁkely to experience a much larger increase in
cost per pound than either pork or peultry plants.’ These ﬁndings_have several potentially '
significant iﬁlplieetions for the meat industry wheﬁ cdnrsvideredvi'n‘ th‘e context of the structural
changes that heve been occuﬁin'g in the industry. First, the :greaterrcost irripace on smaller plants

could put them at a cc')vmpetit,ive disadvantage relative to large plants. However, recall from
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Table 2 that small pbrk and poultry plants appear to receive a higher price for their pre‘ducts in

both gfoss and net terms, perhaps because they are producing speeialty products that are

- differentiated from the products of larger plants. This fact suggests that small perk and peultfy

plants may be able to absorb the costs of reguiations and remain proﬁtable.‘ The situation appears
less favorable for small beef piants because_they appear te competedirectlyv"with laifge beef plants
and have lower profit margins. |

The regulatory eost difference between small and large plants al‘so would depend on
whether small plants produced safer products than large plétnts or vice versa. If small plants
produce safer products than large plarits, tiien small plants would» need to increase their safety by
a smaller amount than large plarits to achieve a given leV‘el of séfety', andrthus would be affected
relétively less than large plants by uniform safety regulations. The converse ob\(iously would be
true if small plan‘;s produce products that are less safe than large plarits. '

| . A second implication of the data in Table 8 is the higher regulzitory eost fer beef ‘as

eompared to pork or poultry plants. This ciifferential would appeaf likely to ﬁiﬂher accentuate

the market price differential between beef, pork and poultry, and thus further encourage the

‘observed trend in consumption away from beef towards pork and poultry (see Brester, Schroeder
‘and Mintert, 1997). The significance of this differential depends on both the effectiveness of the

regulations and the degree of safety attained by the industry prior to regulation. B

- The estimated cost functions can also be used to infer the effectiveness of the regulations
from an independent estimate of regulatorv'yv costs. According to the FSIS cost estimates, the
variable costs of complying with the regulations is expected to be far less than $100 million per

year. Utilizing the range of the safety elasticities with respect to cost in Table 7 and the data
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presented in Tables 1 and 2, one can readily infer that the implied effectiveness of the regulations
is approximately zero. Thﬁs’ 'according to the cost function eétimatés in Tablés 43 5 and 6, only
an ineffective regulation could have the impact on the cost of production estimated by FSIS.
This result is obtained because the FSIS cost estimates do not include the impact of regulations
on operating efﬁcienby'estimated.in this study..
5. Conclusions

This study combined Rosen’s .(1974) model of a competitive industry producing quality~
differentiated produéts with Gertlg:r and Waldxrnan’s((19’92) model of a quality-adjusted cost
function to estimatc quality-adjusted cost functions for thé meat and poultry industry using data
from the Census of Ménufactures. These cost functions were used to estimate the costs of new
regulations beihg imposed 0%1 the meat industry. The FSIS estimated that the costs of new

regulations would be far less than the benefits, and so low as to imply a,virtuél free lunch in food

~safety regulation. In contrast, the cost estimates obtained from the econometric model developed

~ in this study imply that the costs of the new regulations are likely to be an order of magnitude or

more larger than the cost estimafes of FSIS, and could well exceed the benefits estifnated by
FSIS. This study thus leads to the conclusion -- presumably not surprising to many ecoﬁomists --
that there is no suclll"thing asa ffee lunch in food safety reguiation. In ‘addition, the results of this
study suggest that there cbuld be signiﬁcantiy different economic impacfs on small and large beef
plants in the industry, and that thé costs of fobd safety regulation cpuld be_s‘ubstant‘ially higher for
beef plants than for pork or poulty. |

The impacts esﬁméted in this study are the aggregation of the plant-level costs and do not

account for the market equilibrium effects of cost increases on producers or consumers. Clearly,
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if the regulatory costs resulted in higher market prices, then a’complete analysis of thé economic.
effects of the regulations would need to examine these market equilibrium effects.
The method dev‘elovped in this study could be applied to other competitive industries that

produce quality-differentiated products. Food safety is also a concern in the seafood and

shellfish industry and with new regulations being implemented similar to those being

implemented in the meat industry. Utilizing a methodology similar to USDA’s, the FDA’s
regulatory impact assessment concluded that the new food saféty regulations would yield benefits
that exceed the costs by a wide margin. The findings of this study suggest that the costs of the

regulations may be higher than those estimated by FDA using an accouhting methodology.
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Appendix A. Cost Function Error Structure
Substituting S from equation (5) for q in equation (1), it follows that theierror term u in
equation (6) can be written as:
u=Ae + Yoy, (€ + 2Bé),
where |
Aiﬁyq Iny+y,+ Y MWy -yuinw, +v,Ink
B=1;InR+Inp+tylnwy+7 Inw
Thus u is a linear function of the exogenous variables in the model, so it foilows that the variancé
of u is a quadratic function of these variables.
Appendix B. Census of Manufuctures Data
The data utilized in this study were derived from the Longitudinal Research Data
maintained by the Center for Economic Studies, Bureau of the Census. Data were obtained from
extracts of the labor, materials, and product files for 1987 and 1992 for SIC codes 2011 (Meat
Packing Plants) and 2015 (Poultry Slaughter and Processi.ng,Plants). Beef plants were selected
which produced products in the 7-digit cateigories 2011112 (carcass beef) and 2011114 through
2011131 (boxed and ground beef). Pork plants were selected that produced products in the
“categories 2011412 (slaughteied pork) and 201 141>7 through 201 1661 (processed pork). Poultry
plants were selected that produced products in the cate.gories 2015 100 through 2015400 (chicken
and turkey slaughter and processing).‘ Output prices were defined implicitly as total value of
product divided by total weight.
[nput quantity and price variables were defined as follows:

Animal inputs: Total weight of cattle for beéf, hogs for pork, and chickens and turkeys for
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poultry. Prices computed as total cost divided by total weight.
Production Labor: Production worker hours. Wage rate calculated as total production worker
wages divided by production worker hours.
Capital: value of plant and equipment at the beginning of the production period.
Management: total wages salaries paid to employees not classified as production workers.

Per capita income and other demographic variables for economic regions were
constructed-using income, population and other data from the Census of Population for 1990 at
the county level. These variables were aggregated to the economic areas defined by the Bureau

of Economic Analysis (Johnson, 1995).
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Table 1. Plant Numbers and Production By Plant Size, 1992 (Production in billions of pounds

Beef 52 2.02 46 17.83 95 19.85
(54.7) (10.2) (48.4) (89.8)

. Pork 44 0.87 33 11.05 77 11.92

(57.1) (7.3) (42.9) (92.7) |

> Poultry | 87 413 115 1944 | 202 23.57
@3.) | 713 (56.9) (82.5)

Note: - Small plants-defined as production less than 100 million lbs/year.
Large plants defined as production greater than or equal to 100 million Ibs/year.
Percentages in parentheses.

11
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Table 2. Means (Standard Deviations) of Variables from Census of Manufactures Data,
1992 (1995 dollars)

Total Product 38,933 387,616 19,014 334,791 47,480 | 170,870
Shipped (1000 1bs) | (30,196) | (237,781) | (23,032) | (154,319) | (29,080) | (66,281)
Animal Input | 75,090 672,491 28,073 528,092 82,271 219,350
(1000 1bs) (65,655) | (440,783) | (34,512) | (231,505) | (70,009) (86,773)
Production 209 2,046 167 1,856 711 1,581
Worker Hours (185) (1895) (173) (886) (594) (797)
(1000 hrs)
Capital ($1000) 2,560 27,883 | 4,588 34,983 10,239 18,528
(2,436) (24,161) | (11,142) | (28,702) (11,863) (12,247)
Meat Price ($/1b) 0.58 0.69 0.46 0.42 0.33 0.29
' (0.164) (0.148) (0.157) (0.080) (0.125) (0.078)
Wage Rate ($/hr) 8.22 7.93 7.96 8.61 6.63 6.72
(2.023) (1.074) (2.179) (1.359) (1.369) (1.145)
Product Price 1.12 115 1.11 0.79 0.72 0.60
($/1b) , (0.204) (0.209) (0.317) (0.139) (0.288) (0.159)
Animal Input Cost 0.97 0.99 0.92 0.97 0.89 0.92
Share (0.025) (0.006) (0.060) (0.015) (0.103) (0.028)
Average Animal 1.08 1.13 0.72 0.63 0.60 0.404
and Labor Cost 1 (0.251) (0.214) (0.188) (0.070) (0.378) (0.118)
($/1b) :
Per Capita Income 13,390 13,249 13,794 13,805 13,560 13,130
in Market Area ($) | (2,712) (1,562) (2,362) (1,411) (2,645) (2,220)
Management 568 2,955 624 3,788 1,295 2,186
($1000) (501) (2,332) (903) (3,177) (1,351) (1,960)
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Table 3. Hypothesis Test Statistics (Chi-square variates with degrees of freedom and

- significance levels in parentheses)

Pooling Years

Pooling Size

—Small Plants

—Large Plants
Log-Linearity in
Safey

—Small Plants

—~Large Plants

Safety Exogeneity

=
21.92
(19, 0.288)

37.44
(19, 0.007)

859.85
(,0)

146.83
(5, 0)

5.13
(4, 0.274)

45.83
4,0

36.21
(19, 0.010)

39.79
(19, 0.003)

183.28
(3,0

39.58
(5,0)

7.82

(4, 0.098)

32.65
(4, 0)

24.76
(19, 0.169)

40.86
(19, 0.003)

114.79
(3, 0)

42.41
(,0)

9.69
(4, 0.046)

27.53
(4,0
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of

N

Table 4. Iterated Nonlinear SUR Estimates nt Cost Functions (t-

Beef Pla statistics in aréntheses)
Q\\\ R

= = N
Intercept 0.032 -0.618 -5.598 -7.606
(0.03) (-0.50) (-1.13) (-1.73)
Animal Price v 0.862 0.861 1.006 1.008
(39.84) (42.26) (57.04) (68.82)
(Animal Price)? 0.008 0.007 -0.005 0.005
(1.49) (1.68) (-1.70) (2.08)
(Animal Pri‘ce) * (Output) 0.019 0.019 0.002 0.003
(9.80) (9.47) (1.87) (2.06)
(Animal Price) * (Quality) 0.002 : -0.018
(0.30) (-6.64)
.(Animal Price) * (Capital) -0.008 -0.008 -0.002 -0.004
(-5.35) (-3.16) (-2.68) (-6.15)
Output 1.039 1.212 1.653 2.505
(5.00) (5.86) (1.97) (3.12)
(Output)? 0.013 -0.003 -0.020 -0.076
(0.97) (-0.27) (-0.49) (-1.93)
(Output) * (Quality) 0.073 -0.048
(1.95) (-0.65)
(Output) * (Capital) -0.026 -0.008 -0.008 0.040
(-1.39) (-0.48) (-0.26) (1.34)
Quality 0.260 0.941 2.068 0.848
(0.88) (17.84) (1.60) (14.09)
(Quality)? 0.002 -0.380
(0.05) (-2.68)
(Quality) * (Capital) -0.003 0.088
(-0.12) (1.79)
Capital 0.009 -0.074 -0.199 -0.468
0.07) (-0.63) (-0.71) (-1.79)
(Capital)? 0.016 0.009 0.008 -0.0004
2.54) (1.51) (0.68) (-0.04)
1992 Dummy 0.020 0.031 -0.023 -0.024
(0.65) (1.03) (-1.29) (-1.35)
Hedonic Function:
Animal Price -0.863 -1.172 -0.749 -0.758
(-7.52) (-7.03) (-9.83) (-9.46)
Wage Rate -0.058 .036 -0..401 -0.344
(-0.79) 0.35) (-4.68) (-4.09)
Management -0.009 -0.009 -0.005 -0.005
(-0.89) (-091) (-0.72) (-0.54)
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Table 5. Iterated Nonlinear SUR Estimates of Pork Plant Cost Functions (t-statistics in parentheses)

Intercept 5.024 4.700 0.620 -2.707
(2.50) (3.01) (0.09) (-0.48)
Animal Price 0.803 0.782 1.038 1.035
(22.03) (26.34) (23.09) (25.32)
(Animal Price)? 0.036 0.030 0.024 0.027
(3.08) (4.04) (3.24) (4.17)
(Animal Price) * (Output) 0.034 0.035 0.007 0.010
(10.27) (10.50) (2.23) (2.71)
(Animal Price) * (Quality) 0.005 -0.024
(0.45) (-2.91)
(Animal Price) * (Capital) -0.012 -0.012 -0.008 -0.011
(-4.44) (-4.71) (-3.62) (-4.55)
Output -0.248 -0.067 1.394 2.389
(-0.93) (-0.26) (1.07) (2.41)
(Output)? 0.083 0.073 -0.046 -0.126
4.71) (4.16) (-0.88) (-2.75)
(Output) * (Quality) -0.032 0.572
(-0.66) (2.65)
(Output) * (Capital) -0.025 -0.026 0.061 0.184
(-1.50) (-1.52) (1.08) (4.20)
Quality 0.762 0.450 -2.247 0.662
(1.93) (6.02) (-1.02) (9.47)
(Quality)? -0.040 0.109
(-0.79) (0.36)
(Quality) * (Capital) 0.009 -0.445
(0.20) (-4.08)
Capital 0.195 0.186 -0.493 -1.106
(1.32) (1.35) (-0.67) (-2.953)
(Capital)? -0.005 -0.002 -0.009 -0.063
(-0.78) (-0.35) (-0.40) (-3.64)
1992 Dummy 0.004 -0.002 0.061 0.035
(0.10) (-0.04) (2.32) (1.32)
Hedonic Function:
Animal Price -0.916 -0.859 -1.425 -0.956
(-5.19) (-5.67) (-4.94) (-4.55)
Wage Rate .068 .054 -0.116 -0.121
(0.45) (0.040) (-0.52) (-0.73)
Management 0.068 -0.004 0.005 -0.031
(1.73) (-0.15) (0.22) (-1.97)
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Cost Function:

Intercept 1.761 1.010 -42.949 -8.725
(0.81) (0.50) (-2.53) (-0.37)
Animal Price 0.686 0.703 1.165 1.171
8.17) (8.26) (14.62) (13.50)
(Animal Price)? 0.068 0.049 0.074 0.068
(5.33) (3.35) (11.39) (10.07)
(Animal Price) * (Output) 0.052 0.046 0.004 0.006
(6.22) (5.48) (0.55) (0.69)
(Animal Price) * (Quality) 0.049 -0.018
(2.94) (-2.10)
(Animal Price) * (Capital) -0.020 -0.017 -0.009 -0.011
(-3.03) (-2.59) (-2.24) (-2.83)
Output -0.142 -0.044 8.821 4319
(-0.31) (-0.10) (3.13) (1.58)
(Output)? 0.153 0.152 -0.336 -0.212
4.75) (4.62) (-2.70) (-1.67)
(Output) * (Quality) 0.137 0.736
(1.93) 3.87)
(Output) * (Capital) -0.270 -0.271 0.083 0.164
(-6.63) (-6.52) (0.94) (2.00)
Quality 0.057 0.464 -5.427 0.349
(0.08) (7.54) (-2.38) (6.59)
(Quality)? 0.027 0.467
0.38) (4.91)
(Quality) * (Capital) -0.089 -0.212
(-1.34) (-2.85)
Capital 0.931 0.875 -1.076 -2.157
(2.91) (2.75) (-1.12) (-2.37)
(Capital)? 0.128 0.129 -0.005 0.012
(7.55) (7.26) (-0.18) (0.43)
1992 Dummy -0.089 -0.093 0.004 0.030
(-2.08) (-2.12) 0.17) (I.1D
Hedonic Function:
Animal Price -0.917 -0.960 -1.145 -0.831
(-8.75) (-6.50) (-7.75) (-6.96)
Wage Rate -0.770 0.016 -0.384 -0.371
(-7.23) (0.08) (-1.92) (-2.26)
Management -0.002 0.017 0.037 0.123
(-0.05) (0.35) (1.68) (2.40)
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Output Elasticity

Safety Elasticity
— Quadratic

— Linear

1.04

1.14
0.94

0.77
0.85

0.47
0.45

0.63
0.66

0.71

0.62
0.46

0.52
0.35

Note: Elasticities based on parameters in Tables 4, 5 and 6.

Table 8. Estimated Increase in Variable Costs of Production for a 20% Improvement in

Cost in Million $1995

Base Safety = 50%

Industry Cost 553.1 3,460.5 63.4 977.8 3439 1,372.2 | 6,770.9
Cost per Lb. of 0.273 0.194 0.076 0.089 0.083 0.070 NA
Product

Base Safety = 70%

Industry Cost 237.0 1,483.1 27.2 419.1 147.4 588.1 2,901.8
Cost per Lb. of 0.117 0.083 0.032 0.038 0.036 0.030 NA
Product :

Base Safety = 90%

Industry Cost 61.5 384.5 7.0 108.6 38.2 152.5 752.3
Cost per Lb. of 0.030 0.022 0.008 0.010 0.009 0.008 NA
Product

Note: Base safety is the level of product safety prior to the 20% improvement in safety.
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