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I mpacts of Food Safety on U.S. Meat Demand
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Abstract

We investigate the impacts of food safety on a weakly separable U.S. meat demand system (besf,
pork, and poultry) using both the Generalized Almost Ideal Demand System (GAIDS) and the
Rotterdam model. To measure food safety, indices are constructed based on the number of meat
safety articles reported by the top 50 English language newspapers. The GAIDS permits estimation
of food safety parameters in a theoretically consistent framework using the concept of demographic
translation. The Rotterdam model offers a comparison of estimates to the GAIDS and a further test
of the robustness of the food safety elasticities. We find that inferences with respect to food safety
and autocorrelation are fragile to functional form choices. From the models investigated there is
mixed evidence as to whether food safety concerns have impacted demand. Evidence from the GAI
model indicates that food safety impacts could last for several quarters, whereas evidence from the
Rotterdam model fails to reject the hypothesis that food safety variables are statistically different
from zero over any period. There is also mixed evidence concerning autocorrelation. In the GAl
model the problem of autocorrelation disappears by including food safety variables, which are found
to be statistically significant and seemingly rectifying the misspecified model that omits food safety
variables. Thisis not the case for the Rotterdam model where a correction for serial correlation is
needed even in the presence of the food safety variables, which themselves are not statistically
significant. The fragility of these inferences and estimated economic effects to specification choices,
particularly to functional form and how the food safety variables enter the demand functions, make
it difficult to draw many definitive conclusions about the magnitude or sign of food safety impacts
on demand. Concerns of their statistical significance notwithstanding, the most definitive
observation is that they are likely to be very small relative to price and expenditure effects and to
other possible factors that may have impacted demand.

* Contributed paper at the 45™ Annua Conference of the Austraian Agricultural and Resource Economics
Society Addaide, South Audtrdia, January 22-25, 2001. The authors are assistant professor, Department
of Agriculturd Economics, North Carolina State University, Raleigh, NC 27695 and assistant professor,
Department of Agricultural Economics, Kansas State University, Manhattan, KS 66506. Senior authorship
not assigned.



I mpacts of Food Safety on U.S. Meat Demand

Introduction

Food safety concerns in the United States (U.S.) have dramatically increased in the past decade with regard
to incidences of contaminated mesat products. Concerns have arisen because contaminated mest products
can result in serious risk to the well being and hedlth of consumers. Contaminated meet products come
from a myriad of sources, including outbresks of Listeria monocytogenes, Escherichia coli (E. coli), and
Samonella (Centers for Disease Control and Prevention). Food safety problems are not isolated to the
U.S. Other unsafe contaminates in meats have emerged across the world, including highly publicized
outbreaks of Bovine Spongiform Encephaopathy (BSE) in Europe. In this study, we attempt to investigate
the effects of food safety on consumer’s demand for mest (beef, pork, chicken and turkey) products in the
U.S. over the past two decades.

The effects of non-price variables (i.e., demand shift or demographic variables) on aggregate mest
demand in the U.S. have been studied extensively across competing consumer demand models. McGuirk
et a. (1995) augmented the intercept of the Linear Almost Ided Demand System (LAIDS) with sdlected
demographic variables and found that both hedlth information and a changing labor force contributed to
structura change in mest demand from 1960 to 1988. Brester and Schroeder (1995) and Kinnucan et d.
(1998) examined the effects of advertisng on U.S. meat demand with variaions of the Rotterdam modd.
Both studies reported advertising impacts that were small, often not satisticaly significant, and unstable?
Piggott (1997) examined the demand response to generic advertisng in the U.S. meat industry across a host
of nested PIGLOG demand systems that incorporated demographic trandation. The nested demand

systems included, among others, the generdized trandog and generdized AIDS, and found that advertisng

! The terms demographic variables, demand shifters, and shift variables are used interchangeably in this paper.

% See al'so Coulibaly and Brorsen (1999).



had indeed had a gatisticaly sgnificant effect on demand and that this finding was not sengitive to specific
functiond form used in esimation. LaFrance (1999) examined food consumption from 1918-1994 and
incorporated age-distribution, ethnic background, and habit formation into his analyss, in addition to the
traditiond meat demand determinants. Using a quadratic model with demographic trandation, LaFrance
concluded ethnicity and age distribution both affected beef demand. Marsh, Schroeder, and Mintert (2000)
examined the effects of hedth information, a changing labor force, and meet recdls on U.S. meat demand
with the Rotterdam modd. Hedth and labor force dadticities were smilar, but not identica, to the
magnitudes or signs reported by McGuirk et d. (1995). Meat recdl dadticities were sgnificant, but smdll.
Evidence from the above sudies illudrates thet, while demand shift variables can be Satidticdly sgnificant,
eadticity estimates are often small or not robust.

The fragile reture of eadticities of demand shift variables is neither unanticipated nor ignored in the
literature®> For example, Deston and Mud Ibauer have asserted that estimating price substitution elagticities
doneisdifficult in consumer demand modds with time-series data. Wohlgenant found differencesin demand
eladticities for food across the Fourier flexible demand modd, trandog modd, and generdized Leontief
mode. Piggott et d. (1996) examined the demand response to advertising in the Australian meat industry
usng the double log moded, LAIDS, and the AIDS, correcting demand systems for autocorrelation.
Eladticities estimates were found to be sengtive to autocorrdation and its specification. More recently,
Alston, Chafant, and Piggott have pointed out that demand shift variables must be incorporated in a manner
that maintains the theoretical properties of the AIDS mode, which ensures economic effects are invariant to

the scding of the data They suggest including demand shift variables as modifications of pre-committed

® Many meat demand studies have concluded that the impacts of competing meat prices on beef consumption are not
stable. See, for example, Eales and Unnevehr, 1988; Moschini and Meilke, 1989; McGuirk et al., 1995. This finding
suggests meat consumption patterns are determined by other factors in addition to relative prices and total meat
expenditures.



quantities as in the generalized dmogt ided system (GAIDS). Findly, Alston and Chdfant suggested that it
is only prudent to investigete dternative specifications of consumer demand modes when providing policy
recommendations.

To date the impact of food safety on aggregate meat demand has received little attention in the
agricultura economics literature. Severa studies focusing on the impact of food safety on meat demand have
targeted sdected contaminants. For ingtance, Burton and Y oung, as well as Burton, Y oung, and Cromb,
focused on the effects of food safety on meat demand in England using an index based on the number of
newspaper articles generated about BSE. Meanwhile, Flake and Patterson focused on the effect of asingle
food safety index on meat demand in the U.S., which was congtructed from the number of Associated Press
aticles on E. coli, sdamondloss, and BSE. Reported results suggest that effects of food safety on U.S.
meat demand were modest and dominated by factors related to hedth information. These studies test the
ggnificance of food safety indices congtructed from journd articles and the popular press to reflect
consumer’s information specific to the sdected contaminant(s). As a result, inferences drawn from these
results are specific to the events surrounding the selected contaminant(s).

Alternatively, Schroeder, Marsh, and Mintert used a linear AIDS model and Marsh, Schroeder,
and Mintert used a Rotterdam modd to quantify the impacts of beef, pork, and poultry product recall
events on U.S. meat demand. Meat product recals are relevant because they account for al listed
contaminants reported by the USDA Food Safety Ingpection Service.  Consequently, inferences from
modes using mesat product recalls may have more comprehensive implications to consumers, policy makers,
and the meat industry. Both studies specified separate food recal indices for beef, pork, and poultry,
esimated unconditiond demand modds, and reported smilar but fragile estimates for meat recal

parameters.




The primary objective of this paper is to empiricaly quantify the impacts of food safety on U.S.
meat demand, incorporating food safety indices gppropriately in atheoreticdly consstent consumer demand
model. Meat types consdered in this study are beef, pork, and poultry (chicken and turkey). Food safety
indices are constructed separately for beef, pork, and poultry. The indices are based on the number of
newspaper articles from the top 50 English language newspapers aggregated quarterly from 1980 to 1999.
Consequently, food safety indices not only include information from meet recdl events but aso other issues
such as BSE.  Secondary objectives include examining the effect that dternative functiond forms (eg.
Generdized Almost Ided Demand System and Rotterdam demand models) that specify aternative methods

to incorporate demand shift variables and autocorrelation have on food safety dadticity estimates.

Food Safety

Following earlier studies on meat safety (Burton and Young; Burton, Young, and Cromb; Fake and
Patterson), food safety indices are constructed based on newspaper articles from the popular press. To
enhance indght and andyss drawn from the information, food safety indices are congtructed separately for
beef, pork, and poultry.* Data for the series were obtained by searching the top fifty English language
newspapers in circulaion from 1980 to 1999, using the academic version of Lexis-Nexis search tool. The
data were not weighted otherwise. Key words searched were food safety or contamination or product
recall or outbreak or salmonella or listeria or E. coli or trichinae or staphylococcus or foodborne.”
From this information base the search was narrowed to collect beef, pork, and poultry information
separately by using additiond terms @) beef and hamburger, b) pork and ham, and ¢) chicken, turkey, and

poultry, respectively.  The newspaper articles were then linearly aggregated quarterly to construct beef,

* Marsh, Schroeder, and Mintert demonstrated that a composite index made up of beef, pork, and poultry can confound
food safety own- and cross-effects and unduly reduce the power of associated statistical tests.

®The list of contaminants were based on those listed in the USDA’ s Food Safety |nspection Services meat product recall
database. See http://www.fsis.usda.gov/OA/news/yrecalls.htm#RNR or Marsh, Schroeder, and Mintert.
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pork, and poultry mediaindices.

Figure 1 shows the beef, pork, and poultry media numbers aggregated quarterly from 1980 to
1999. Beginning in 1980 the number of reported food safety articles for each series remained small,
trending dowly upward until 1988. From 1988 and through 1999 the number of articles have moved
upward sharply intertwined with dramatic pesks of information, dominated by the beef series. Over the
sudy period the beef series exhibits the highest mean and mogt variation in the number of articles, with a
mean of 153 articles and standard deviation of 223. Next is the poultry series that has a mean of 139
articles and standard deviation of 129. The pork series has a mean of 39 articles and standard deviation of
41. The maximum number of reported articles per quarter for beef is nearly 1200 in 1996, for poultry over
600 in 1999, and for pork nearly 200 in 1997. Not surprisingly, predominate peaks in the beef, poultry,
and pork seriesrelate to important events in the recent history of food safety.

Beef played the most prominent role in meat safety events as recorded by newspaper articles. In
1990 a Bovine Spongiform Encephaopathy (BSE) outbresk was reported in Europe that yielded an
increase in food safety related articles in beef to 326 in the second quarter of the year. The 1993 peak of
432 aticles in the first quarter of the year coincided with an isolated Escherichia coli (E. coli) outbresk in
the state of Washington. In 1996, BSE news resurfaced after scientists in Europe linked BSE in beef to a
new variant Creutzfedt-Jakob disease (CJID) in humans. Nearly 1200 related articles were reported in the
first quarter of 1996 aone. The 1997 peak in media reports was related to a massve recall of beef
contaminated with E. coli that occurred in the midwest U.S.  Other important events in the mesat industry
during the late 1990's included USDA'’s find rule on Pathogen Reduction/Hazard Andyss and Critica

Control Point (PR/HACCP) sysems. The PR/HACCP rule requires meat and poultry plants under Federd




inspection to teke respongbility for reducing the contamination of meat and poultry products with
pathogenic bacteria

Poultry has dso played an important role in mest safety events reported by newspapers. Of the
three series, poultry exhibited the first evident peak of mediainformation in the fourth quarter of 1988. This
was related to a sdmonella outbresk in chickens and eggs resulting from providing chickens feed with
anima remains. From 1980 through the third quarter of 1988 the average number of articles per quarter
was 24. After the third quarter of 1988 and through the fourth quarter of 1999 the average number of
articles per quarter sharply increased to 228. More recently a bird flu outbreak in poultry throughout Hong
Kong and Chinalead to 571 newspaper articlesin the last quarter of 1997.

Pork has contributed less to the number of media reports than ether beef or poultry. The number
of articles has geadily increased since 1980, but more dowly reative to the other series. From 1980
through the third quarter of 1988 the average number of articles per quarter was 9, while the average
number of articles per quarter from the third quarter of 1988 to the fourth quarter of 1999 had increased to
62. The maximum number of articles for one quarter pesked a 241 in 1999, which followed a dioxin scare
in pork in Europe. Neverthdess, meeat safety issues in pork products remain important to consumers and
industry as pork has been linked to outbresks of listeria and other potentialy dangerous contaminants.

An dternative way to interpret the media data is to consgder the share of food safety articles
reported about beef, pork, and poultry. Shares were created by dividing the beef, pork, and poultry indices
by a composte index. The composite index was congtructed by linearly aggregating the bedf, pork, and
poultry seriesinto a single series. From 1980 to 1999 the average share vaue was 50%, 36%, and 14%
for poultry, beef, and pork respectively. Up to the early 1990's poultry received on average the largest
share of articlesrelated to food safety with 55%, followed by 28% for beef and 17% for pork, respectively.

Since the early 1990's beef’s average share has increased to 44%, with the share of articles peaking at
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nearly 70% in 1997 and settling under 50% in 1999. Over the same period, poultry’s average share has
fdlen to 44%, with the share of articles bottoming out at just over 20% in 1996 and settling under 40% in
1999. Rdative to beef and poultry the share of pork has seen a smaller trend downward from 1980 to

1999, with the share of articles averaging 17% in the 1980's and 12% in the 1990's.

Demand Models

In this paper mest is treated as a weekly separable group in which consumption of an individua meet item
depends only on the expenditure of the group, the prices of the goods within the group, and certain
introduced demand shifters. This weakly separable group is comprised of three meats namely besf, pork,
and poultry (chicken and turkey). Mest data used in the andlysis are quarterly observations over the period
1982(1)-1999(3), providing a total of 71 observations (from various USDA databases). Food safety
variables used in the analyss are quarterly data over the same period, conssting of the linearly aggregated
beef, pork, and poultry indices discussed above. Findly, effects of time on meat demand are incorporated
in the model through the use of quarterly demand shift (binary) variables for seasondity and a linear trend
varigble.

It is well known in empiricd demand andlyss that specification choices and functiond form can
influence inferences and estimates of economic effects. Since the auxiliary hypothesis of functiona form is
unavoidable one approach to take account of this influence is to esimate severa functiona forms and
ascertain the robustness of inferences and estimated economic effects across dterndtive functional forms
(Alston and Chafant). The two most common approaches to estimating demand systems that incorporate
demand shifters are the Almost Idedl Demand System (AIDS) (Deaton and Muellbauer) and Rotterdam

moded (Theil).? The AIDS mode has been adopted extensively in the literature since is it is appropriate for

® A search of Econlit using key words “Almost Ideal Demand System” and “Rotterdam model” revealed than 156 papers
and 43 papers, respectively.
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agoregate and individud consumer andyss and dlows redrictions from theory such as homogenety,
adding-up, and symmetry to be imposed. The Rotterdam modd, which is derived from consumer demand
theory, isavaid discrete gpproximation in variable space and is linear in parameters. Barnett and Mountain
demondtrated that it is gppropriate for aggregate and individua consumer andys's, respectively.

Often the gpplications of the AIDS modd the sometimes difficult to estimate “true price index” is
replaced with Stones price index. However, Moshinci (1995) demonstrated that Stone's Price index is not
invariant to units of measurement rendering this approach problematic. More recently Alston, Chafant and
Piggott (2001) showed that the common gpproach of incorporating variables other than price and income
into the AIDS mode by augmenting the intercepts of the share equations, which was origindly suggested by
Deaton and Mudlbauer (1980, p. 320), is also problematic. Thisis because estimates of economic effects
(eladticities) are no longer invariant to units of measurement.  Alston, Chafant, and Piggott identified one
practicable aternative, preserving other desirable features of the Almost 1ded modd and aso dlowing
demand shifters to be incorporated parsmonioudy and flexibly, by adopting a generdized verson of the
Almost Ided modd, the Generdized Almost Ided (GAI) modd, first derived by Bollino. The expenditure
function used to characterize the GAI modd dlows for a portion of total expenditures to be dlocated to
pre-committed quantities, which are unobservable and must be estimated dong with the other parametersin
the demand system. These pre-committed quantities can be modified to include demand shifters and
amultaneoudy maintain the desirable theoretica properties of the modd. The GAI model can, of course, be
viewed as a generdization of the Linear Expenditure System (LES) in which the margind budget shares are
no longer congtant but are instead of the Almost Ided form.

For the purposes of this study we investigate the impact of the food safety variables on the demand

for meat in the U.S. usng the GAI modd and the absolute price verson of the Rotterdam modd.




Egtimating both functiond forms is undertaken in an attempt to establish the robustness of inferences and
estimated economic effects across models. The functional formulation for both models with definitions of
parameters and variables can be written as.

Generalized Almost |deal Demand Model:

_8€p|C. 0,

N
i a o SLULLALE &%

where

N
M =M- §c,p,

j=1

18 &
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Rotterdam Model (Absolute Price Version)

N
wWDInx =3 g,Dinp, +b,DIngG +v,

j=1
where
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N
Ing =g w,DIng,
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In these equation, g;= per capita consumption of mest type i, pi=per unit price of mest type i, M = total

N
expenditures per capita on the different meat types (M = é_ p.q. ), and w;=expenditure share of mest type

i=1

N
i(w = é_ F')\'/I—q). The coefficients a;, g;, bi, d, and ¢; are parameters to be estimated and v; isthe random

i=1

eror term. General demand redtrictions, which are derived from economic theory, can be imposed Leng
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N N
parameter congtraints with homogeneity being imposed by & g;, =0, adding up conditionsby § b, =0

=1 i=1

and éNai =1,adsymmetry g, =g, " i'].
i=1

Incor porating Demand Shifters
To test the satisticd  significance of food safety proxied by media events we need to incorporate these
variables in such a fashion s0 that each of the functionad forms underlying consstency with theoreticdly is
maintained. Furthermore, because the U.S. quarterly meat demand data seem to exhibit seasond patterns
and trends in consumption over time, it is dso gppropriate to include seasond dummy and time trends
variables into the above demand systems. Researchers need to proceed with caution in deciding how to
incorporate demand shifters to avoid some not so obvious problems that can arise. For example, modifying
the intercepts of the Almost Ided demand system is a common approach but has the unfortunate implication
that estimated economics effects (eladticities) are no longer invariant to units of measurement.

One way to avoid invariance problems in the AIDS is to adopt a generdized modd that alows for pre-
committed goods with demographic trandation. The transformed expenditure function that includes pre-

committed quantities yields demand functions that are made up of two components:
a,=¢, +q;[p, M']
=¢, +q [p. (M- & pc )]
where ¢ is the pre-committed quantity and g; is the supernumerary quantity of thei™ good. The digtinction
between the two types of consumption is important, sSince the pre-committed quantities are independent of
prices and expenditure, whereas the supernumerary quantities are not. Given this digtinction, it seems

natura to augment the ¢’ s to be linear functions of demand shifters such as time and food safety variables.

Note, however, tha many researchers have ruled out this possibility by assuming that pre-committed
11



consumption does not exist (for example, the usua Al make this assumption implicitly). It isaso worthwhile
to point out that augmenting the pre-committed quantities does not imply any redtrictions on how any
prospective demand shifters effects the demand for any particular good. The effect of a change from
particular demand shifters can be positive or negative, depending on the rdative magnitudes and sgns of the
direct and expenditure effects. The only required restriction is that the sum of changes in expenditures on
pre-committed quantities must be equa and opposite to changes in supernumerary expenditures, leaving
totd expenditures unchanged. Thus, this trandating approach is flexible in how the augmenting variables can
affect the demand, and it isdso parsmonious in terms of the additiona parameters that must be estimated.
In the GAI modd we modify the committed quantities, the ‘¢’ s, to depend upon demand shiftersin

the following fashion:

3 M
Ci :Cj0+tit+éqikqdk+ éfi,mbft—m+pi,m pkt—m +ki,mpyt—m

k=t m=0
where t is a linear time trend set equa to 1 in 1983:2 and qdk (k=1, 2, and 3) are quarterly intercept
dummies, bf., is the beef food safety variable, pk:., is the pork food safety variable, and py:. isthe poultry
food safety variable dl lagged m periods. In the Rotterdam mode we include an intercept in the equation
for each good to measure changes in consumption over time, seasona dummy varigbles to capture

seasondlity, and food sefety variables resulting in the following augmented model

3 M N
WDInx =t, +§ q,qd + 4 f,,DInbf_, +p, .DIn pk_, +k; .DInpy, .+ g;,DIn p, + bDInT + v,
k=1 j=1

m=0

In the above models the coefficients c,, € t, f, p, K, areadditiona parametersto be estimated.

An important point of contrast is the distinct differences of the functiond relaionships that specify
how the food safety variables are enter into each mode. In the GAI mode the food safety variables enter in
levels, while in the Rotterdam model the food safety variables enter as the logarithm of firgt differences.
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Economic theory does not give us much guidance on how such demand shifters should enter except thet it
should be in a fashion that is flexible but preserves the theoretical properties d each of the modeds.
Comparison of the resulting estimated economic effects across the GAl and Rotterdam models will serve to
provide some evidence as to how appropriate and sendtive each dternative might be to modding food

safety demand shiftersin the respective models.”

Autocorreation
A find condgderation is teding and correcting for autocorrdation in the meat demand models.
Autocorrelation has been reported in aggregate U.S. meat data in recent studies using variations of both the
AIDS and Rotterdam modeds (Marsh, Schroeder, and Mintert; Edes, Hyde, and Schrader). It has
important implications with regard to specification choices, datistica inference, and estimated economic
effects. Typicdly, if autocorrelation is found to be present in a demand system a correction is preformed
that redtricts the autocorreation coefficient to be the same for every equation.  We not only consider this
case but adso reax this condraint to alow coefficients to be different across egquations and to alow the
possihility of the cross-correlation from other equations.

More formaly, to consider dternative forms of autocorrelation we follow Piggott et. d. (1996) and

assume the vector of errors in the system of equetionsis determined by e, =Re, , +v, fort=2, ..., T,
where v;sare indgpendent N(0,S) random vectors, and R isan n” nmatrix of unknown parameters.

Berndt and Savin showed that when e.; and v; are statisticaly independent, the adding up property of the

shares (i'w, =1 where 1 isa n” lvector of ones and w is the vector shares) implies a redtriction

iI'R =k, wherek isan unknown constant. Thisredriction i'R =k, Berndt and Savin showed can be

7 One empirical concern isthe extreme changes in magnitude of the food safety variables from quarter-to-quarter,
especially beef. Inthe GAl model, by incorporating level variables as demand shifters, the impact is direct and not
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transformed into the more tractable form of i'R =0, where R isan n’ n- 1 matrix with dements

R =R,- R, fori=1, ..., nand j= 1, ..., n-1. In practice to implement this generd form of

autocorreaion correction we estimate R™ whichisthe n- 1" n- 1 matrix formed by the fire n- 1 rows
of the R. Tha is itisthedementsof R that areestimated not R or R. However, the estimatesof R’

combined with above mentioned restrictions imposed on it's el ements and any zero redtrictions can be used
to recover the estimates of R if needed. Generdly, actualy solving for theindividuad R;’sis not asimportant
as smply knowing whether they are jointly Satidicdly sgnificant which can be established from testing the

datigicaly sgnificanceof R”.

Model Results

In the empirica application three aternative autocorrelaion corrections are considered: () a null R matrix
(N-R™™) with al dements restricted to zero, specifying no autocorrdlation; (b) a diagond R matrix (D-
R™™) wherein dl diagond elements are regtricted to be identica and dl off-diagond eements are
restricted to zero; and () afull R matrix (F-R™"™) where dl dements of R matrix are non-zero. Columns
1, 2, and 3 in Table 2 provide estimates of coefficients, sandard errors, and summary satistics from the
GAIl mode with dternative autocorrelation corrections without food safety variables. Columns 1, 2, and 3
in Table 3 report smilar estimates for the Rotterdam mode with aternative autocorrelation corrections
without food safety varigbles. The edtimates in Table 2 reved podtive and datisticaly sgnificant pre-
committed quantities of beef (c10'S). In contrast, pre-committed quantities for pork and poultry (negative)
ae not datidicdly dgnificantly different from zero. In addition, the edtimated coefficients indicate
datidicdly dgnificant effects of seasondity and time trends in the pre-committed quantities. Findings of

datigticaly sgnificant seasondity and time trends are dso supported by estimates for the Rotterdam model

dampened. Inthe Rotterdam model the natural log transformation dampens thisimpact and provides diminishing marginal
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in Table 3. Thus the variables representing seasondity and time trends are retained as a maintained

hypothess.

Table 2 (columns 4, 5, and 6) shows coefficient estimates from the GAlI modd combining
dternative autocorrelation corrections with food safety variables. Smilarly, Table 3 (columns 4, 5, and 6)
reports estimates using the Rotterdam model coupling autocorrel ation corrections with food safety variables.
The egtimates in Table 2 reved postive and datisticaly sgnificant pre-committed quantities of beef (C10'9),
pork (Cx's) and poultry (cso'S) after the food safety variables have been incorporated into the models. The
individud coefficient estimates for the seasond (g«’s) and trend variables (ti's) remain daidicaly
sgnificantly different from zero in both the GAI and Rotterdam modes across the dternative autocorrelation
corrections, further supporting the decision to include these demand shifters into the models as a maintained
hypothess.

Turning to the impact of food safety on meat consumption, both contemporaneous and lagged food
safety varigbles are included in the modd specification to dlow for possble dynamic effects.  Previous
dudies indicate dgnificant carryover effects of information between contemporaneous and lagged food
safety variables (Marsh, Schroeder, and Mintert). That is, the effects of a given “media event” as capture
by the food safety indexes may be spread over time. A priori there is no way of knowing how long effects
on consumption of a given dose of a “media event” will lagt (i.e, the length of the lag, m)—thisisan
empirica question. In the above specifications, the tota food safety effect in each equation is determined by
a moving average of current and lagged food safety variables with the weights estimated econometricaly.
Thistota effect in each equation for each type of food safety information will be referred to as the “stock of
food safety.”

To investigate the carryover effect of food safety information both the GAI and Rotterdam models
were estimated with the respective stocks of food safety variables in each equation having lag lengths
varying from zero (m=0, the current level of food safety) to four quarters (m=4, the current value plus four
quarters of lagged values). No further lags were considered, since each additiond lag requires an additiona

nine parameters (three goods and three separate food safety variable) to be estimated, and longer lags

effectsto an additional newspaper article.
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created convergence problems in the GAI modd. The Rotterdam mode is more parsmonious in the
number of additiond parameters that are required for additiond lags only requiring an additiona Sx
parameters’® Table 4a shows results of likelihood ratio tests for the GAl modd, testing the joint statistical
significance of incorporating an additiond lag for the food safety variables® The results support theinclusion
of the current food safety variables (m=0) as well as the first period lagged (m=1) and third period lagged
(m=3). Neither the addition of m=2 or m=4 were jointly satisticaly significant, which was robust across
the aternative choices for autocorrelation corrections. Based on these findings we conclude the gppropriate
lag choice for the GAI modd was m=3. Hence, it is the estimated coefficients from the GAI mode (with
m=3) and the dternative autocorrelation corrections that are reported in Table 2.

The above results are not robust across the Rotterdam and GAl models. For the Rotterdam
modd, likeihood ratio tests are dso used to test the statistical Sgnificance of addition lags of food safety
variables up to four periods lagged (m=4). Table 4c reveals that none of the food safety variables m=0, 1,
2, 3, or 4 aejoint gatisticaly sgnificartly different from zero. Despite the lack of datidticad significance of
the additiond lags of food safety we chose to report m=3 for the Rotterdam mode in Table 3 to compare
results across different functiona forms. A variety of factors are likely contributing to the differences in
likelihood ratio tests across modds. One is that the GAl modd accounts for pre-committed goods while
the Rotterdam model does not. [If this specification is in fact correct, which is consstent with economic
theory and is supported by the statistical results, then the GAl mode should better delineate the effects of
food safety variables and the Rotterdam model may be misspecified and not expected to provide correct

inferences.

Hypothesis Tests of M odel Specification
Assuming the appropriate lag structure of food safety variables is m=3, we test the joint Sgnificance of the

food safety variables across the dternative autocorrdation specifications discussed above. Results are

® The weights on the lagged values of advertising were estimated as unconstrained parameters. Placing restrictions on
the lag weights is away of reducing the number of parameters to be estimated. For example, Piggott et al. (1996) required
lag weights be the same across equations for a given type of advertising using Australian data. Alternatively, Brester
and Schroeder imposed a geometric lag structure on advertising using US data.
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reported for the GAl and Rotterdam models in Tables 4a and 4c, respectively. Looking across dternative
autocorrelaion specifications, results reconfirm for the GAI modd the finding thet food safety variables are
jointly stetigticaly sgnificantly different from zero. Similarly, the above reaults for the addition of individud
lags are echoed in the Rotterdam modd with Table 4c, confirming that the food safety variables are not
jointly statisticaly significant from zero across dternative autocorrelaion corrections. The Rotterdam results
obvioudy conflict with the findings from the GAI modd and suggests that inferences with respect to whether
food sefety variables maybe fragile.

Next we congder the issue of aternative autocorrelation corrections. Table 4b tabulates results that
test the three forms of autocorrelaion corrections that are estimated for dl of the dternative lags of food
sfety variables. The reaults reved that when no food safety variables are included, which have been
determined to be gatigticaly sgnificantly different from zero, autocorrelation cannot be rgected. The null of
no autocorrdation (N-R™™) is rejected againgt the both the diagond (D-R™™) and generd
autocorrelation (F-R™™) specifications. Hence, this version of the GAl modd appears to be misspecified.

Table 4b dso reved s that upon theinclusion of at least the current level of food safety variables, and further
additiond lagged food safety effects, no autocorrelaion correction is required. 1t gppears that the omitted
food safety variables may mask, or be masked by, the autocorrelation problem. The lack of sgnificant
autocorraion provides some confidence for the incluson of the modes tha include the food safety
varisbles. Findly, we never rgect the diagona autocorrdation correction (D-R™™) againgt the dternative
generd autocorrelation correction (F-R™™),

Table 4d tabulates the hypothesis tests for the various autocorrelation corrections estimated over dl

of the dternative lags of food safety variables consdered for the Rotterdam model. The null hypothesis of

9 Thelikelihood ratio statistic reported in Table 4 is an adjusted likelihood ratio appropriate for systems of equations (see
Bohm, Rieder, and Tinter; Bewley). Although not reported here, the adjusted likelihood ratio test suggested by Moschini,
Moro, and Green yielded results that were consistent with inference drawn here.
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no autocorredtion (N-R™™) is rejected againgt the dternative of a diagond R matrix (D-R™"™) for dl lag
lengths of food safety consdered. It appears for the Rotterdam mode that incluson of the food safety
variables does not curtall the presence of serid correaion in the error terms and that a least a single
coefficient for each equation (D-R™™) isrequired. Similar to the GAI results, we never rulein favor of the
genera autocorrdaion correction (F-R™™) over the null of a diagond autocorrelation correction (D-
RmatriX).

To summarize the results of the above inferences the results appear fragile and sendtive to the
maintained hypothesis of functiond form and to the specification choices of how food safety enters the
demand system. However, given ether the GAI or Rotterdam model, the results are quite robust to choices
of autocorrelation corrections. Under the maintained hypothesis that the GAI modd is the correct functiond
form, we find that the food sefety variables that augment the committed quantities are satistically sgnificantly
different from zero and that there are important dynamics from these effects that last three-quarters. This
finding is robust across dternative autocorrelaion corrections, which themsdaves are inggnificant once the
food safety varigbles are incorporated into the modd. Alternatively, under the maintained hypothes's that
the Rotterdam modd is the correct functiond form, we find that the food safety varidbles are not satisticaly
ggnificantly different from zero and as a result that there are no important dynamic carryover effects. This
finding is robust across dterndive autocorrdation corrections with a single coefficient autocorrelaion

correction (D-R™"™) seeming to be sufficient for the Rotterdam modd.

Estimated Economics Effects
Table 5 provides edimates of means of the Marshdlian price dadticities, expenditure eadticities, and food
safety eadticities that are caculated at every data point. Elagticities reported are for both models shown in

Tables 2 and 3 with food safety variables included for dternative specifications of autocorrelation
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corrections. For the food safety eadticities both immediate-effect and total-effect responses are provided.
The immediate effects are the short-run dadticities of demand response to food safety measuring the
percentage change in consumption of the i" good in response to a one-percent increase in the K™ type of

food sofety variable z; (i.e., w, = TInq,, /TInz ). Thetota effects are the demand response to food

safety that measure the percentage change in consumption of the " good in response to a one-percent

3
S

permanent increase in the k™ type of food safety variable z, (i.e, m, = & fIn q./Minz. . .).
m=0

A griking feature of the price and expenditure eadticities is that they are remarkable robust across
the dternative autocorrelation specifications for each of the functiona forms. That is, the differences in the
estimates of the price and expenditure dadticities gppear to be somewhat consstent across functiond forms.

For example, the own-price dadicities of demand are consgtently estimated to be more eagtic (only
modestly) using the GAI modd than the Rotterdam modd. The Marshdlian cross-price eadticities of
demand are negative across both models indicating that these mests are gross complements within this
weskly separable group with one exception in the GAI mode¥4 the cross-price dadticity of demand for
poultry with respect to beef price. The cross-price dadticity’s of demand for pork and poultry are
predominately larger in magnitude for the GAl mode when compared to their Rotterdam counterparts,
sgnifying a larger complementary effect. This is not tue for beef with the cross-price dadticities smaler
using the GAl model.

In relation to consstency with economic theory, both modes perform favorably. The Rotterdam
modd dightly outperforms the GAI modd with the curvature requirements of negative semi-definiteness
being stisfied globdly within the sample across the variations of autocorrelaion corrections. The GAl
satisfied the requirements with dightly more than 90 percent of the sample. The difference in consstency

with theory might come about from the parsmony in terms of number of parameters that are required to be
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edimated in the Rotterdam with demand shifters entering as modifications of the intercepts compared to
modification of committed quantities in the case of the GAI modd.

Turning to the focus of the paper, which is the estimated economic effects of the food safety
variables, we see much less smilarity in the results across functiond forms.  But once again the results seem
quite robust across choices of autocorrelation corrections, a least for the GAl modd. There are more
differences in the estimated food safety dadticities across choices of autocorrdation for the Rotterdam
model when we compare the estimates from N-R™ ™ with the other specifications. Recall that the N-R™"™
was consistently rejected against the dternative hypothesis of D-R™"™ implying that properly accounting for
autocorrelation in this modd appears as though it can have important impacts on the magnitude of estimated
effects (ther lack of datistica sgnificance notwithstanding). For example, the totd effect on the own-beef
food safety variables using the N-R™™ was —0.00293 compared to estimates of -0.00491 and —0.00499
usng the N-D™™ and FR™"™ respectively, a difference in magnitude of more than 150 percent. A
amilar comparison can be illustrated for the estimates for pork. With these autocorrelation differences noted
the remainder of discusson will then focus on the differencesin estimates across functional form choices.

A priori, we expect the own-food safety varigbles be negative (i.e, w,; <Oand m, <0). That is,
we expect tha increases in the media index reflecting increases in incidents of food safety events or
concerns would adversdly affect the demand for the particular meat. The mogt driking feature of the
edimated food safety dadticities is that the magnitudes involved are very smal compared to those of prices
and expenditure, irregpective of functiond form. Ingpecting the immediate short-run own-food safety
eladticities based on the GAl modd, it's apparent they do not conform well to prior beliefs. For example,
the own-food safety eladticity for beef (w1;) and pork are dmost ways positive across the entire sample.
Encouragingly, things improve for the estimate of the own-food safety dadticity for poultry with this estimate

being negative for more than 90% of the sample and managing to generate a mean that indeed is of the
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expected 9gn and around —-0.014. The tota-effect own-food safety eadticities generated a larger
proportion of the sample with estimates for beef (m,) and pork (M) that confirm with priors, around 34
percent for beef and 18 percent for pork. For poultry (ms) less of the sample conforms, reduced to around
80 percent compared to more than 90 percent for the short-run.  Thus, despite finding satisticaly
sggnificant impacts from food safety variables in the GAI modd and a lack of serid correation, this modedl
generates food safety eadticities that are difficult to interpret. However, it does appear that attempting to
capture possible dynamic efects from food safety results in a larger proportion of the estimated economic
effects becoming congstent with priorsin reation to sgn.

Smilarly, for the Rotterdam mode, we find the immediate short run own-food safety eadticities to
be globaly nconsstent with prior beliefs. The exception being the own-pork food safety variable in the
mode with no autocorrdation correction (N-R™™), but a model that we aso reject. However, a more
encouraging result occurs for the tota effect own-food safety dadticities for beef (m;) and pork (m.), which
are globdly conggtent with priors being negative across dl three variations of autocorrelation corrections.
The means of these dadticities from the preferred D-R™™ modd are —0.00491 and —0.00650,
respectively. The totd- effect estimate for poultry is estimated to be positive globdly across the dternative
autocorrelation corrections for poultry (ms).

The immediate-effect and totd- effect cross-dadticities from the food safety variables mostly are not
condstent in sgn across the GAl and Rotterdam models reported in Table 5. Exceptions where gns of
cross-dadicities have the same sgn across models include w,; and w3 (negative) and w3 (pogitive) for the
short-run and my,; (posgitive) for the total-effects. There is much less variaion in Sgn and magnitudes of the
cross-esimates for the food safety variables within functional forms and across dternative autocorrelation
corrections. A priori we would expect that these cross-dadticities might be podtive anticipating that an

increase in food safety concerns about a particular meat might induce an increase in demand for another
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meet. With only one of the cross-dadticities estimated to be postive across both models however, the
empirica evidence does not provide much support for this prior belief. Interegtingly, the GAI modd
estimates of the cross-eadticites tend to be pogtive more often than the Rotterdam model for both the
immediate and long-run effects. In dl, the results are mixed and inconclusive as to whether a specific cross-
effect has a podtive or negaive impact on beef, pork, or poultry demand, hinging once again on
specification choices of functiona form and how food safety variables enter. These, inconclusive inferences
drawn from the estimated cross-dadicities are not so surprisng given a amilar finding for the own-
elagticities for the food safety varigbles. The lack of agreement across functiona forms once again highlights
the fragility of estimates to functiona form choices

Overdl, these very different results across the two functiona forms highlight the apparent fragility of
not only the inferences concerning whether the food safety variables are satisticaly sgnificant or not % the
GAIl mode inferences regect these variables are 2o while the Rotterdam modd fails to rgject the null
hypothesis that they are zero¥s but aso the sign of the estimated effects of the food safety variables with
respect to the choice of specification of functiond form and how the food safety variables are modd as
affecting demand.  Nather the inferences concerning Satigtica sgnificance nor the estimated economic

effects seem as sengitive to specification choices concerning autocorreation.

Further Discussion

To better illugtrate the underlying differencesin the dadticity estimates from the GAI and Rotterdam
models, plots of each of the tota-effect own-food safety dadticities for the GAIl and Rotterdam modd are
provided in Figures 2, 3, and 4. These are helpful in highlighting the fragility of estimates across functiona
form and the apparent differences of incorporating the food safety variables as modifications of the

committed quantities compared to demand shifters in the Rotterdam models. In each of these figures the
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GAI mode generates dadicities that vary quite sgnificantly across the sample and gppear to be much more
volatile relative to the Rotterdam dadticities. In particular, the plots reved the fragility of estimates to
gpecification choices. For indance, when the estimates for m; and m, conform to priors usng the
Rotterdam modd, the GAl model generates estimates that are poditive for the mgority of the sample.
Moreover, when the GAl modd finds most of the estimates for poultry (ms) to be negative the Rotterdam
modd estimates this eladticity to be postive globaly. Findly, the increased volatility of the GAI estimates
coincides with the increase in food safety articles (and associated volatility) in the late 1990's. In contrast
the Rotterdam eladticities appear rdatively dable over the entire sample.

This scenario makes it difficult to draw definitive conclusions about the impact on food safety on
U.S. meat demand except to make the observations that the estimated economic effects are likely to be
amdl in comparison to price and expenditure effects, sengtive to specification choices (particularly that of
functiond form and how the food safety variables are incorporated in the demand model), and inconclusive
to whether or not the effects of a given dose of food safety information has sgnificant carryover effects
lagting severa quarters. This percelved lack of consstency of eladticities across demand models and/or the
inconsistency with a priori expectations may have arisen for severd reasons. Firdt, the food sfety indices
are specified only as linear aggregations of the number of articles per quarter from the top 50 English
language newspapers. As noted the articles were not otherwise weighted. One possible dternative is to
weight the artides by drculation of each newspagper. Other dterndaives include usng other media
information or classfying articles as either pogtive or negative to condruct a net index of food safety.
Second, we have made no attempt to delineate the impacts of non-domegtic information, say related to BSE
in Europe, from information of contaminants originating within the U.S. Given the data can be partitioned,
this result could be tested. Third, we imposed no parameter or functiond restrictions on the lagged food

sfety variables. Fredy estimating the lagged parameters in this manner may result in an over parametization
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of the underlying impact making it difficult to get precise estimates of the true impact of these food safety
effects. A more redtricted and parsmonious specification of how food safety varigbles may enter the

demand system might be more appropriate and remains as atopic for further investigation.

Conclusion

Food safety concerns by consumersin the U.S. have dramatically increased in the past decade with regard
to incidences of contaminated mesat products. To date the impact of food safety on aggregate mest demand
has received little attention in the agricultura economics literature. Hence, the primary objective of this paper
is to empiricdly quantify the impacts of food safety on U.S. meat demand, incorporating food safety indices
gopropriately in a theoreticaly consstent consumer demand moddl. Mest types consdered were besf,

pork, and poultry (chicken and turkey). Food safety indices were constructed separately for beef, pork,
and poultry. The indices are based on the number of newspaper articles from the top 50 English language
newspapers aggregated quarterly from 1980 to 1999. Consequently, food safety indices not only include
information from mest recall events but also other issues such as BSE.

Applying both the Generalized Almost I1ded Demand System (GAIDS) and the Rotterdam modd,
we tested the satistical significance of the food safety indices on demand for meet in the U.S. Using the GAI
moded we found datistically significant effects from food safety variables that last three quarters after the
initid quarter. Thisfinding was robust across aternative autocorrelaion corrections, which were apparently
not necessary as the GAI mode s with the food safety variables did not suffer from serid correlation. One of
the most driking features of the estimated food safety dadticities is their smal magnitude relative to price and
expenditure eadticities. In al, the estimated economic effects of the food safety variables from this moddl
were difficult to rationaize with a large proportion of the own-food safety dadticities for beef and pork

being of the unexpected sign (positive) across the sample. This lack of consstency with priors across the
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sample may be a due to some misspecification on how food safety variables were specified or to some
omitted variables that may have impacted demand such as advertising, habits, and other hedlth effects. If
the true underlying effects are indeed very small, then in practice it may be very difficult to disentangle these
effects from the many other factors that may have impacted demand consstently over the entire sample.

To check the robustness of these findings with the GAI mode we dso estimated the Rotterdam
moded and incorporated the food safety indices into the model as demand shifters. The comparison served
to highlight the fragility of inferences and estimated economic effects to specification choices. Using the
Rotterdam mode the food safety indices were consstently found to be inggnificant for any specified lag
length. Furthermore, the resduds for the Rotterdam mode suffered from serid corrreation even in the
presence of the food safety variables (when the GAI specification did not). Findly, for the one totd-effect
own-food safety eadticity that the GAlI mode generated that conformed with the priors, namey poultry
(mg), the Rotterdam mode estimate did not conform globaly. Moreover, for the totd-effect own-food
sofety eadticities estimated with the GAI mode that did not conform to the priors namely beef (m,) and
pork (my), the Rotterdam estimates conformed globally.

Ovedl from the mixed evidence found in these dternative specifications, the only definitive
concluson that we can draw isthat the impacts that food sefety if they have indeed impacted demand at dll,
then are likely to be smdl. Any other conclusions about magnitudes of impacts and even sign a least from
the dternative modds investigated here hinge on specification choices. In redity because these food safety
effects gppear to be very samdl they are likely going to be difficult to disentangle from dl of the other factors

that may have more significantly impacted demand over the last severd decades.
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Table 1. Summary Statistics of Quarterly Data,

1982(1)-1999(3).

Average Std. Dev. Minimum Maximum
Beef Consumption (Ibs./capita) 17.799 1.353 15.892 20.818
Pork Consumption (Ibs./capita) 12.789 0.685 11.562 14.492
Poultry Consumption (Ibs./capita) 19.607 3.040 13.674 24.767
Retail Beef Price (cents/Ib.) 263.785 23.975 222.733 300.400
Retail Pork Price (cents/Ib.) 206.676 24.138 167.800 248.100
Retail Poultry Price (cents/Ib.) 90.068 8.636 72.103 105.121
Meat Expenditure ($/capita) 90.951 8.316 75.660 108.436
Beef Expenditure Share 0.516 0.038 0.435 0.586
Pork Expenditure Share 0.290 0.014 0.265 0.323
Poultry Expenditure Share 0.194 0.030 0.133 0.243
Beef Food Safety 162.817 223.358 2.000 1158.000
Pork Food Safety 41.887 40.925 0.000 241.000
Poultry Food Safety 151.296 126.822 6.000 571.000
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Table 2: Estimated Coefficients for the Generalized Almost |deal Model With and Without Food Safety Variables

_ No Food Safety _ ___With Food Safety .
N_Rmamx D_Rmamx F_Rnall’l)( N_Rmamx D_Rmamx F_Rmamx

LL 548.790 558.558 561.140 626.008 626.370 629.457
d 8.093* 6.557* 7.146* 22.657 23.425 19.191
(2.031) (1.864) (2.115) (15.614) (15.742) (13.718)

a; 3.002* 1.534 2.112 12.444 12.982 10.917
(1.286) (1.048) (1.276) (7.893) (8.016) (7.618)

a, -0.975 -0.227 -0.456 -6.160 -6.351 -5.290
(0.625) (0.370) (0.488) (4.290) (4.303) (4.076)
01 3.809* 1.410 2.369* 12.719* 13.556* 12.956*
(1.128) (0.796) (1.053) (4.084) (4.194) (4.363)
G -1.622* -0.369 -0.681 -6.676* -6.997* -6.697*
(0.672) (0.351) (0.529) (2.364) (2.398) (2.478)
@ 0.864* 0.249 0.328 3.584* 3.687* 3.553*
(0.372) (0.139) (0.236) (1.355) (1.360) (1.383)
by 0.757* 0.622* 0.686* 0.675* 0.681* 0.738*
(0.112) (0.132) (0.135) (0.145) (0.142) (0.167)
b, -0.345* -0.211* -0.238* -0.363* -0.361* -0.391*
(0.065) (0.065) (0.078) (0.081) (0.077) (0.089)
C1o 17.229* 13.862* 15.559* 15.952* 16.100* 16.498*
(1.720) (3.068) (2.359) (1.228) (1.158) (1.391)
C2o -3.094 -5.285 -0.687 3.956* 4.346* 4.247*
(3.734) (5.820) (4.247) (1.839) (1.666) (1.957)
Cao -6.714 -19.995 -12.703 7.985* 8.192* 7.324*
(7.309) (16.080) (11.404) (2.832) (2.670) (3.199)

(o]} 0.104 0.033 0.039 0.114 0.110 0.135
(0.141) (0.151) (0.145) (0.072) (0.071) (0.069)
(oP) 0.818* 0.752* 0.767* 1.084* 1.073* 1.096*
(0.138) (0.166) (0.152) (0.089) (0.085) (0.083)
s 0.966* 0.947* 0.993* 1.290* 1.267* 1.258*
(0.139) (0.145) (0.142) (0.082) (0.081) (0.083)
t 0.056* 0.095* 0.067* 0.039* 0.036* 0.034*
(0.014) (0.031) (0.021) (0.008) (0.007) (0.007)
Ja -1.067* -1.106* -1.106* -1.213* -1.213* -1.208*
(0.148) (0.129) (0.115) (0.080) (0.081) (0.075)
Js -1.440* -1.478* -1.470* -1.427* -1.429* -1.424*
(0.150) (0.150) (0.128) (0.095) (0.092) (0.087)
s -1.109* -1.115* -1.077* -0.913* -0.931* -0.930*
(0.141) (0.120) (0.110) (0.081) (0.082) (0.078)
ts 0.099* 0.119* 0.090* 0.082* 0.079* 0.074*
(0.020) (0.031) (0.022) (0.011) (0.011) (0.011)
gz -2.418* -2.416* -2.444% -2.566* -2.579* -2.568*
(0.142) (0.141) (0.136) (0.085) (0.088) (0.081)
Qs -1.668* -1.654* -1.686* -1.945* -1.956* -1.933*
(0.145) (0.168) (0.153) (0.095) (0.095) (0.095)
(o -1.252* -1.265* -1.223* -1.342* -1.342* -1.335*
(0.137) (0.130) (0.131) (0.091) (0.094) (0.087)
ts 0.185* 0.234* 0.209* 0.172* 0.171* 0.171*
(0.022) (0.042) (0.030) (0.010) (0.009) (0.010)

Continued ......
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Table 2: Estimated Coefficients for the Generalized Almost Ideal Model With and Without Food Safety Variables

(Continued ...... )
No Food Safety With Food Safety
N_Rmalrix D_Rmalrix F_Rnatrix N_Rmalrix D_Rmalrix F_Rmatrix
Beef Food Safety Variables
f10 2.29E-04 2.57E-04 1.67E-04
(4.28E-04) (4.04E-04) (3.83E-04)
f 20 -2.18E-03* -2.18E-03* -2.21E-03*
(4.17E-04) (4.01E-04) (3.72E-04)
fa -8.00E-04* -7.70E-04* -9.90E-04*
(3.09E-04) (3.06E-04) (3.10E-04)
fu -3.13E-03* -3.08E-03* -3.12E-03*
(4.64E-04) (4.59E-04) (4.65E-04)
fu -8.20E-04 -7.90E-04 -6.80E-04
(4.52E-04) (4.55E-04) (4.25E-04)
fa 1.35E-03* 1.36E-03* 1.50E-03*
(4.47E-04) (4.56E-04) (4.38E-04)
f1o 1.19E-03* 1.22E-03* 1.30E-03*
(5.59E-04) (5.31E-04) (5.27E-04)
f -8.20E-04 -7.60E-04 -8.70E-04
(7.26E-04) (7.08E-04) (6.44E-04)
fa -1.22E-03* -1.25E-03* -1.29E-03*
(5.19E-04) (5.30E-04) (4.96E-04)
fis -1.23E-03* -1.23E-03* -1.33E-03*
(3.72E-04) (3.56E-04) (3.33E-04)
fog -1.57E-03* -1.62E-03* -1.40E-03*
(3.04E-04) (2.95E-04) (2.82E-04)
fas -1.29E-03* -1.24E-03* -1.31E-03*
(3.11E-04) (3.13E-04) (3.17E-04)
Pork Food Safety Variables
P1o -4.63E-03 -4.24E-03 -5.45E-03*
(2.81E-03) (2.69E-03) (2.60E-03)
P2o -6.30E-04 -3.80E-04 -6.20E-04
(2.47E-03) (2.42E-03) (2.32E-03)
P30 5.61E-03* 5.94E-03* 5.75E-03*
(1.99E-03) (1.99E-03) (1.98E-03)
P11 -1.45E-02* -1.40E-02* -1.42E-02*
(4.55E-03) (4.39E-03) (4.17E-03)
P21 -2.42E-02* -2.37E-02* -2.36E-02*
(3.56E-03) (3.38E-03) (3.19E-03)
Pa1 -1.64E-02* -1.66E-02* -1.78E-02*
(3.80E-03) (3.79E-03) (3.84E-03)
P12 2.96E-03 2.88E-03 3.06E-03
(3.92E-03) (3.75E-03) (3.57E-03)
P2 3.32E-03 3.37E-03 3.64E-03
(3.84E-03) (3.75E-03) (3.50E-03)
P32 6.86E-04 1.01E-03 1.29E-03
(3.05E-03) (3.13E-03) (3.05E-03)
P13 -4.61E-03 -5.11E-03 -4.56E-03
(3.45E-03) (3.31E-03) (3.27E-03)
P23 1.87E-02* 1.86E-02* 1.75E-02*
(4.11E-03) (4.08E-03) (3.95E-03)
Pas 1.16E-02* 1.21E-02* 1.24E-02*
(3.97E-03) (4.04E-03) (4.27E-03)
Continued ......

28



Table 2: Estimated Coefficients for the Generalized Almost Ideal Model With and Without Food Safety Variables

(Continued ...... )
No Food Safety With Food Safety
N_Rmalrix D_Rmalrix F_Rnatrix N_Rmalrix D_Rmalrix F_Rmatrix
Poultry Food Safety Variables
Kio -1.79E-03 -1.76E-03 -1.14E-03
(1.20E-03) (1.19E-03) (1.13E-03)
Kao -1.43E-03 -1.46E-03 -8.20E-04
(1.25E-03) (1.24E-03) (1.19E-03)
Kso -3.17E-03* -3.37E-03* -2.89E-03*
(8.42E-04) (8.52E-04) (8.91E-04)
K11 1.08E-02* 1.03E-02* 1.01E-02*
(1.65E-03) (1.64E-03) (1.61E-03)
Kot 1.41E-02* 1.37E-02* 1.36E-02*
(1.88E-03) (1.86E-03) (1.82E-03)
Ka1 4.10E-03 4.09E-03 4. 90E-03*
(2.22E-03) (2.20E-03) (2.15E-03)
Kio -7.22E-03* -6.78E-03* -7.05E-03*
(1.77E-03) (1.74E-03) (1.72E-03)
Koz -7.31E-03* -6.84E-03* -7.08E-03*
(1.97E-03) (2.00E-03) (1.93E-03)
Kso -2.45E-03 -2.22E-03 -3.16E-03*
(1.56E-03) (1.57E-03) (1.56E-03)
Kis 4.18E-03* 4.15E-03* 4 .43E-03*
(1.02E-03) (9.74E-04) (9.24E-04)
Koz 8.45E-04 8.27E-04 7.72E-04
(1.23E-03) (1.22E-03) (1.16E-03)
Kas -7.10E-04 -9.00E-04 -5.30E-04
(1.03E-03) (1.04E-03) (1.05E-03)
Autocorrelation Corrections
r 0.442* -0.086
(0.084) (0.081)
ra 0.144 -0.171
(0.187) (0.147)
I -0.135 0.017
(0.197) (0.153)
ron 0.159 0.092
(0.163) (0.162)
Il 0.629* 0.147
(0.180) (0.175)

Notes: Number in parentheses are the estimated standard errors and a * denotes coefficients that are
statistically significantly different from zero at the 5% level.
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Table 3. Estimated Coefficients for the Rotterdam Model With and Without Food Safety Variables

_ No Food Safety _ ___With Food Safety .
N_Rmamx D_Rmamx F_Rmamx N_Rmamx D_Rmamx F_Rmamx
LL 520.560 524.574 525.249 534.872 539.243 541.340
ty -0.035* -0.034* -0.034* -0.032* -0.033* -0.034*
(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
t, 0.022* 0.022* 0.022* 0.020* 0.021* 0.021*
(0.002) (0.001) (0.002) (0.002) (0.002) (0.002)
0. 0.061* 0.060* 0.060* 0.055* 0.056* 0.057*
(0.004) (0.004) (0.004) (0.004) (0.004) (0.005)
0z 0.042* 0.042* 0.042* 0.040%* 0.041* 0.041*
(0.003) (0.002) (0.002) (0.003) (0.002) (0.002)
Os 0.030* 0.030* 0.030* 0.028* 0.029* 0.030*
(0.003) (0.003) (0.003) (0.003) (0.003) (0.003)
U4 -0.033* -0.032* -0.032* -0.028* -0.029* -0.029*
(0.003) (0.004) (0.004) (0.003) (0.004) (0.004)
Os -0.036* -0.036* -0.036* -0.034* -0.034* -0.035*
(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
Js -0.019* -0.019* -0.019* -0.016* -0.017* -0.018*
(0.002) (0.002) (0.003) (0.002) (0.002) (0.003)
Ou -0.126* -0.133* -0.136* -0.105* -0.117* -0.119*
(0.034) (0.030) (0.030) (0.035) (0.030) (0.028)
O 0.117* 0.118* 0.118* 0.106* 0.110%* 0.114*
(0.026) (0.023) (0.022) (0.026) (0.022) (0.020)
(o -0.130* -0.128* -0.125* -0.123* -0.123* -0.126*
(0.025) (0.021) (0.021) (0.026) (0.022) (0.020)
b, 0.597* 0.589* 0.582* 0.547* 0.543* 0.554*
(0.062) (0.060) (0.060) (0.059) (0.059) (0.058)
b, 0.264* 0.275* 0.278* 0.315* 0.309* 0.320*
(0.051) (0.050) (0.050) (0.047) (0.047) (0.046)
Beef Food Safety Variables
f 10 3.29E-03 1.97E-03 1.18E-03
(1.87E-03) (1.83E-03) (1.94E-03)
fu -1.90E-04 -3.80E-04 -1.20E-04
(1.84E-03) (1.73E-03) (1.75E-03)
f -1.67E-03 -2.11E-03 -2.78E-03
(1.80E-03)  (1.68E-03)  (1.72E-03)
fis -2.93E-03 -1.98E-03 -8.20E-04
(1.74E-03)  (1.64E-03)  (1.60E-03)
foo -2.48E-03 -2.14E-03 -8.60E-04
(1.54E-03) (1.44E-03) (1.54E-03)
fo -4.20E-04 -1.30E-04 -3.80E-04
(1.50E-03) (1.40E-03) (1.44E-03)
fo 7.76E-04 8.17E-04 1.57E-03
(1.50E-03)  (1.37E-03)  (1.41E-03)
fos 3.14E-03* 2.16E-03 1.70E-03
(1.42E-03)  (1.34E-03)  (1.33E-03)
Continued ......
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Table 3: Estimated Coefficientsfor the Rotterdam Model With and Without Food Safety Variables (Continued..)

No Food Safety With Food Safety
N_Rmalrix D_Rmalrix F_Rnatrix N_Rmalrix D_Rmalrix F_Rmatrix
Pork Food Safety Variables
P1o 9.85E-04 4.32E-04 -3.08E-06
(1.76E-03) (1.60E-03) (1.51E-03)
P11 1.26E-03 1.59E-03 2.36E-03
(1.34E-03) (1.30E-03) (1.30E-03)
P12 9.08E-04 1.00E-03 1.07E-03
(1.11E-03) (8.98E-04) (8.85E-04)
P13 -5.40E-04 -1.10E-04 5.89E-04
(8.47E-04) (8.16E-04) (8.07E-04)
P2o -3.30E-04 3.48E-04 6.49E-04
(1.43E-03) (1.29E-03) (1.20E-03)
P21 -1.02E-03 -1.65E-03 -2.08E-03
(1.08E-03) (1.04E-03) (1.07E-03)
P22 -5.60E-04 -6.50E-04 -6.10E-04
(8.88E-04) (7.15E-04) (7.04E-04)
P23 6.99E-04 7.40E-05 -3.00E-04
(6.79E-04) (6.49E-04) (6.71E-04)
Poultry Food Safety Variables
Kio -5.37E-03 -3.92E-03 -3.01E-03
(3.28E-03) (3.08E-03) (3.07E-03)f
K1 -2.00E-03 -2.14E-03 -2.88E-03
(3.26E-03) (3.08E-03) (3.13E-03)
K1p 2.37E-03 2.78E-03 3.44E-03
(3.28E-03) (3.09E-03) (3.13E-03)
K1z 3.08E-03 2.16E-03 3.75E-04
(3.24E-03) (3.07E-03) (2.97E-03)
Kao 2.50E-03 1.68E-03 7.24E-04
(2.65E-03) (2.47E-03) (2.43E-03)
Kot 3.05E-03 3.50E-03 4.01E-03
(2.65E-03) (2.48E-03) (2.52E-03)
Koo -2.70E-03 -2.97E-03 -3.72E-03
(2.67E-03) (2.49E-03) (2.53E-03)
Koz -5.25E-03* -3.89E-03 -2.79E-03
(0.00262) (0.00246) (0.00245)
Autocorrelation Corrections
r -0.247* -0.299*
(0.089) (0.092)
ra -0.227 -0.449*
(0.213) (0.220)
I 0.144 -0.023
(0.257) (0.248)
ro 0.068 0.295
(0.174) (0.170)
I -0.257 -0.151
(0.213) (0.193)

Notes: Number in parentheses are the estimated standard errors and a * denotes coefficients that are
statistically significantly different from zero at the 5% level.
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Table 4: Hypothesis Tests for the Significance of Food Safety Variables and Autocorrelation
Corrections

Table 4a: Testing Alternative Lag Lengths for Food Safety Variables in the Presence of
Alternative Autocorrelation Corrections Using the GAl model
Hypothesis Test (H, vs. H,)
Autocorrelation m=0v No-FS m=1vm=0 m=2vm=1 m=3vm=2 m=4vm=3 m=3v No-FS
Correction

N-Rmatrix 38.915* 19.125* 11.932 31.035* 13.165 88.043*
D-Rmatrix 24.407* 18.449* 12.249 30.579* 12.716 77.446*
F-Rmatrix 20.432* 18.230* 13.609 30.240* 12.546 74.652*
df 9 9 9 9 9 36

Co.054f 16.919 16.919 16.919 16.919 16.919 43.773

Table 4b: Testing Alternative Autocorrelation Corrections in the Presence of Alternative Lag
Lengths for Food Safety Variables Using the GAI model

Alternative Lag Lengths of Food Safety Variables

Hypothesis Test df Co.0s.df No-FS m=0 m=1 m=2 m=3 m=4
(Hovs. Hy)
N-R™™ys, D-R™™ 1  3.841 15.984* 0.533 0.019  0.479 0.396 0.102
N-R™™vs. F-R™™ 4 9.488 19.647* 1.036 0.886  3.052 3.606 3.339
D-R™™vs. F-R™™ 3  7.815 4.107  0.519 0.867 2.591  3.227 3.242

Table 4c: Testing Alternative Lag Lengths for Food Safety Variables in the Presence of
Alternative Autocorrelation Corrections Using the Rotterdam model
Hypothesis Test (Hp vs. Hy)
Autocorrelation =0v No-FS m=1vm=0 m=2vm=1 m=3vm=2 m=4vm=3 m=3v No-FS
Correction

N-Rmatrix 7.890 3.730 5.814 5.186 11.700 20.600
D-Rmatrix 8.051 4.615 6.784 3.665 11.966 20.893
F-Rmatrix 8.806 5.224 7.497 3.143 9.431 22.144
df 6 6 6 6 6 24

Coos.df 12.592 12.592 12.592 12.592 12.592 36.415

Table 4d: Testing Alternative Autocorrelation Corrections in the Presence of Alternative Lag
Lengths for Food Safety Variables Using the Rotterdam model

Alternative Lag Lengths of Food Safety Variables

Hypothesis Test df Coosat NO-FS m=0 m=1 m=2 m=3 m=4
(Ho vs. Hy)
N-R"‘a"fxvs. D-R”‘""”_iX 1 3.841 7.177* 7.042* 7.585* 8.183* 6.226*6.227*
N-R"‘a‘”_xvs. IZ-Rm'°“"_X 4 9.488 8.170 8.939 10.080* 11.406* 8.876 6.549
D-R™™ys, F-RM™ 3 7.815 1.176 2.085 2.710 3.468 2.849 0.534

Notes: m denotes the lag length of food safety variables included in each model; No-FS denotes a
model with no food safety variables included; and df denotes degrees of freedom. All likelihood ratio
test statistics are calculated using the adjusted likelihood ratio test statistic: LR"= [(T-k)/T]*2*(LL"-LL"®)
where T is the sample size, k is the estimated number of parameters in the unrestricted model; LL" and
LLR are the maximized likelihood value in the unrestricted and restricted models, respectively. A *
denotes a significant test statistic at the 5% level.
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Table 5: Estimated Price, Expenditure and Food Safety Elasticities With Alternative Autocorrelation

Corrections
_ GAIl Model _ ~ Rotterdam Model _

N_Rmatnx D_Rmatnx F_Rmatnx N_Rmatnx D_R matrix F_Rmatnx
Price
hiy -0.886 -0.885 -0.893 -0.754 -0.774 -0.789
his -0.031 -0.025 -0.027 -0.105 -0.094 -0.094
his -0.074 -0.067 -0.064 -0.215 -0.199 -0.206
hsy -0.264 -0.267 -0.246 -0.194 -0.169 -0.176
hss -0.824 -0.827 -0.817 -0.741 -0.736 -0.758
hys -0.368 -0.376 -0.367 -0.154 -0.165 -0.174
hs, 0.235 0.242 0.234 -0.369 -0.354 -0.303
hs» -0.194 -0.204 -0.215 -0.115 -0.151 -0.120
has -0.275 -0.282 -0.301 -0.226 -0.253 -0.221
Expenditure
him 0.990 0.977 0.984 1.074 1.066 1.089
hom 1.457 1.469 1.430 1.089 1.070 1.108
ham 0.234 0.244 0.283 0.710 0.758 0.643
Food Safety
Immediate Effect
Wi 0.01013 0.01012 0.01005 0.00646 0.00387 0.00232
Waq -0.01553 -0.01575 -0.01496 -0.00856 -0.00738 -0.00297
Wa -0.00195 -0.00163 -0.00258 -0.00419 0.00085 -0.00165
Wi, -0.00879 -0.00857 -0.01020 0.00193 0.00085 -0.00001
Wa) 0.00448 0.00392 0.00598 -0.00115 0.00120 0.00224
Wa) 0.01372 0.01404 0.01482 -0.00335 -0.00401 -0.00332
W3 -0.00250 -0.00230 -0.00103 -0.01054 -0.00770 -0.00591
Wo3 0.01337 0.01365 0.01122 0.00865 0.00581 0.00250
Wa3 -0.01368 -0.01455 -0.01383 0.01476 0.01152 0.01176
Total Effect
ms: 0.00265 0.00243 0.00151 -0.00293 -0.00491 -0.00499
M1 -0.00915 -0.00948 -0.00785 0.00354 0.00244 0.00702
1% 0.00558 0.00652 0.00632 0.00241 0.00924 0.00264
mo -0.02406 -0.02469 -0.02454 0.00513 0.00571 0.00789
1% 0.02939 0.02948 0.02890 -0.00421 -0.00650 -0.00811
1% 0.01350 0.01490 0.01528 -0.00717 -0.00529 -0.00860
Mms 0.02155 0.02230 0.02370 -0.00376 -0.00220 -0.00408
M3 -0.00170 -0.00167 -0.00417 -0.00829 -0.00578 -0.00614
M3 -0.04504 -0.04683 -0.04638 0.02220 0.01437 0.01982
Continued ......
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Table 5: Estimated Price, Expenditure and Food Safety Elasticities With Alternative Autocorrelation
Corrections (Continued ....)

_ GAIl Model _ ~ Rotterdam Model _
N_Rmatnx D_Rmamx F_Rmamx N_Rmatnx D_R matrix F_Rmamx

Per cent of Observations Consistent with Prior Bdliefs

Phyy 96.970 96.970 96.970 100.000 100.000 100.000
Phy, 100.000 100.000 100.000 100.000 100.000 100.000
Phss 95.455 95.455 95.455 100.000 100.000 100.000
Pwiq 1.515 1.515 3.030 0.000 0.000 0.000
Pwa, 1.515 0.000 1.515 100.000 0.000 0.000
Pwss 93.939 92.424 96.970 0.000 0.000 0.000
Pm; 34.849 34.849 34.849 100.000 100.000 100.000
Pmy; 18.182 18.182 18.182 100.000 100.000 100.000
Pm; 83.333 83.333 78.788 0.000 0.000 0.000
Pnso 93.939 93.939 92.424 100.000 100.000 100.000

Notes: h; represent the Marshallian price elasticities of demand for the i good with respect to the
jth price, and hyy is expenditure elasticities for the it good, where i=1 for beef, 2 for pork, and 3 for
poultry. Ph; , Pw;, and Pm and measure the percentages of observations that satisfy h;< 0, w; < 0,
and m < 0. Pysp is the percentage of observations that satisfy the curvature requirements of
negative semi-definiteness of the Slutsky matrix. Figures shown are the sample means of the

elasticities computed at every data point using predicted expenditure shares.
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Figure 1. Food Safety Variables
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Figure 2: Estimates of m1 Across Alternative Models
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Figure 3: Estimates of m2 Across Alternative Models
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Figure 4: Estimates of my3 Across Alternative Models
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