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Abstract

This paper examines the U.S. meat demand impacts of the announced outbreaks of bovine spongiform encephalopathy
(BSE) and avian influenza (Al). Findings indicate that beef and chicken demand was negatively affected by BSE and Al
disease outbreaks. Specifically, in the short run, U.S. consumers shift demand due to both outbreaks but more so due to
domestic disease outbreaks than for outbreaks occurring overseas—the impact of U.S. Al outbreaks is about 0.5% for beef
and the impact of U.S. BSE cases is around —0.42% for beef and 0.4% for pork, respectively. Regarding the BSE shock
on meat demand, there is a high rate of beef demand adjusted from disturbance to the long-run equilibrium and a lower
adjustment rate for chicken demand because of the repeated outbreaks of Al worldwide. In the long run, information related
to severe, persistently recurring overseas animal disease outbreaks changes U.S. consumers’ meat consumption patterns.
Although effects of animal diseases on U.S. meat demand were statistically significant, the magnitudes were small—the
impact of WHO reported human death numbers for Al is 0.005% for beef, —0.002% for pork, and —0.006% for chicken and
the impact of U.S. BSE cases is 1.1% for pork and —0.7% for chicken.
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diseases, potentially raising consumer fears of contaminated

. meats, which might shift demand. In studies examining the

1. Introduction interrelationship of media coverage and food consumption

. ) ) behavior, global avian influenza (Al) outbreaks of a highly
The world has experienced outbreaks of serious animal . . .

pathogenic Al strain (HPAI) and associated human deaths

have been found to negatively affect international meat

demand and supply (Alexander 2007; Beach and Zhen

2008; Jin and Mu 2012). Other studies have examined the

impact of bovine spongiform encephalopathy (BSE) cases
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on meat demand (Burton and Young 1996; Verbeke and
Ward 2001; Marsh et al. 2008). However, the joint effect
of Al diseases and BSE cases on U.S. meat demand has
not been examined.
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U.S. is one of the major meat exporters in the international
market and has large influence on meat prices. In domestic
market, U.S. consumers eat more meat per capita than
consumers in almost any other country. Among all types
of meat, beef and chicken are the top two animal proteins
consumed. When encountering animal diseases, not matter
in domestic or international market, the emergent research
question is how will it affect consumers’ consumption be-
havior? This paper will investigate three issues. First, what
is the impact of media coverage of Al and isolated BSE
outbreaks on meat demand in the U.S.? Second, whatis the
impact across domestic and international outbreaks? Third,
what is the difference between short-run and long-run effects
of animal disease outbreaks on meat consumption pattern?

This paper is organized as follows. Section 2 is the
background introduction of Al and BSE outbreaks along
with a literature review; sections 3 and 4 introduce demand
models and data, respectively; section 5 interprets results
of hypotheses tests and empirical estimation and section
6 concludes.

2. Background

2.1. Disease outbreaks and health risks

Al or “bird flu” is a contagious animal disease (Jin and Mu
2012). Infections can be divided into two low and high ex-
tremes of virulence, namely, highly pathogenic avian influen-
za (HPAI) and low pathogenic avian influenza (LPAI). LPAI
is less contagious and infected species may not carry any
symptoms. HPAI virus spreads rapidly with a high mortality
rate among infected birds (up to 90-100% within 48 hours)
and can spread to humans (Jin and Mu 2012). An HPAI type-
H5N1 virus spread widely from 2003 to 2008, and reached
almost 60 countries in Asia, Europe, and Africa at its peak
(Sims and Narrod 2015). There have been 648 confirmed
H5N1 human cases by the end of 2013 that resulted in
384 human deaths, mostly in Southeast Asia (WHO 2014).

In the United States, avian influenza outbreaks have
been sporadic cases of LPAI and one HPAI (H5N2) out-
break in Texas in 2004 (Lee et al. 2005; Pelzel et al. 2006).
While very rare, two LPAI cases in humans have occurred
in the United States. The first was one person involved in
bird culling during an outbreak of LPAI-H7N2 in Virginia in
2002 and the second was one case of LPAI-H7N2 in New
York in 2003 of unknown exposure origin (CDC 2014). No
human deaths associated with HPAI have been identified
in the United States. There has not been a U.S. outbreak
of HPAI-H5N1 or HPAI-H7N1.

BSE is commonly known as a mad cow disease and
presents a public health concern because occurrences of
variant Creutzfeldt-Jakob disease (vCJD) in humans have

been linked to the consumption of food containing ingredi-
ents derived from BSE-infected cattle (USDA 2013). BSE
was firstly diagnosed in 1986 in the United Kingdom which
has had the vast majority of cases worldwide (USDA 2013).
Cumulatively, through the end of 2010, more than 184 500
cases of BSE had been confirmed in the United Kingdom
alone in more than 35000 herds (USDA 2014a). However,
the disease has also been detected in many other countries,
including four cases in the United States from 2003 to 2012.
The first U.S. case of BSE was announced on December
23,2003 (USDA 2013) and resulted in nearly 38 000 pounds
of beef being recalled as a safety measure to prevent BSE
from entering the U.S. food supply (Crowley and Shimazaki
2005). Since then, three more BSE cases have been identi-
fied in the United States through April 2012; one on June 24,
2005, was identified as the first endemic case of BSE in the
United States and the latter two were announced on March
15, 2006, and April 24, 2012, respectively (CDC 2014).

Both Al and BSE are animal diseases that can cause
human iliness. Generally, it is safe for people to eat prop-
erly cooked Al-infected poultry products but there is a risk
of Al infection when the virus passes from infected poultry
to humans (CDC 2014). The human form of BSE is called
vCJD and those who have eaten BSE-infected bovine prod-
ucts containing brain or central nervous system tissue are
thought to be most likely at risk, but there is no evidence
of human-to-human transmission of vCJD or Al disease
(Ishida et al. 2010).

2.2. Demand models and previous study of animal
disease

Due to the potential risk of animal diseases and human
health, many studies have investigated the relationship
between animal disease and meat demand using demand
models. Demand models have long been used for exam-
ining consumer behavior given certain assumptions on the
relationship between prices and quantities (Deaton and
Muellbauer 1980; Piggott and Marsh 2004; Beach and Zhen
2008; Holt and Balagtas 2009).

To further consider food-safety related effects, demand
models have been expanded to incorporate types of de-
mand shifters, including food safety and product recalls
(Burton and Young 1996; Piggott and Marsh 2004; Beach
and Zhen 2008; Ishida et al. 2010); health and diet-related
information (Brown and Schrader 1990; Capps and Schmitz
1991; Chang and Kinnucan 1991; Miljkovic and Mostad
2005; Adhikari et al. 2006; Tonsor et al. 2010); generic ad-
vertising (Piggott et al. 1996; Rickertsen 1998; Verbeke and
Ward 2001; Capps and Park 2002); precommitted demand
(Piggott and Marsh 2004; Tonsor and Marsh 2007) and
structural changes (Eales and Unnevehr 1988; Rickertsen
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1996; Davis 1997).

Few demand study has considered joint effects of Al out-
breaks and BSE cases on U.S. meat demand. Kuchler and
Tegene (2006) analyzed consumers’ retail purchases of beef
and beef products as a response to the 2003 U.S. BSE case
and found consumers purchase patterns are affected no
longer than two weeks following the BSE announcements.
Beach and Zhen (2008) examined consumer response to
newspaper articles on Al in Italy and found that expanded
coverage of Al in the news lead to larger reductions in poul-
try purchases. Ishida et al. (2010) examined the impacts
of both Al and BSE events in Japan on meat demand and
found reductions in Japanese demand for beef and chicken
due to BSE and Al events with BSE having a larger impact.

Except the occurrence of animal diseases, the timing
of events also affects consumption behaviors. Mazzocchi
(2003) and Mazzocchi et al. (2006) developed a structural
time series approach as an alternative to the inclusion of
a news coverage index and applied it to model the time
series pattern of consumers’ responses under multiple and
resurgent food scares. Eakins and Gallagher (2003), Duffy
(2003, 2006) derived a two-step dynamic almost ideal de-
mand system (AIDS) model of alcohol and tobacco demand
with an error correction term to take care of the time series
properties in the data, assuming the cointegration rank of
the system equals the number of modeled equations and
prices and expenditure were weekly exogenous. Wang
and Bessler (2006) used a less assumption-laden error
correction model (ECM) based on time series properties
allowing prices and expenditures to be endogenous and
the cointegration rank to be subject to criteria inference.

This paper contributes to the literature in two aspects:
(1) It examines impacts of two animal diseases (Al and
BSE) on meat demand in the United States and consid-
ering events in both domestic and international markets;
and (2) it develops a demand model that not only is based
on economic theory but also accounts for the time series
properties of demand data.

3. Demand models

The AIDS model and the Rotterdam demand model have
been the most commonly applied. According to Eales and
Unnevehr (1993), however, these models often ignored
potential simultaneities in meat prices and quantities. As
a consequence, their use in applied work may have been
inappropriate because quantity supplied was likely to be
predetermined, although specification tests did not clearly
indicate which model was more appropriate. This leaves
the discussion of which model should be used as a purely
empirical question.

In this paper, we assume a price-dependent demand

system form because in many cases quantities of meats are
fixed in the short run due to biological production lags and
product perishability (Holt and Goodwin 1997). Thus, we
use an inverse AIDS model or IAIDS as proposed by Eales
and Unnevehr (1993). To that model we add animal disease
information indices as shifters in the intercept.

3.1. The static IAIDS model

Expanding on Eales and Unnevehr (1993), the static non-
linear IAIDS model with the inclusion of animal disease
indices is written as,

N
w=a+ ¥, Ing+6 In(Q)+u, for N=4 (1)
=

Z Z y;Ing Ing;, for N=4 )

/1]1

N
InQ=a,+) a,Ing;+
j=1
K
a=a,+y A,kAlk+6§BSE+Z 0D, for K=3 and S=3 @)
k=1 s=1

Where, w, is the budget share of the ith good, A/, is the
Al information index in different forms as discussed below,
BSE is a dummy variable telling if a BSE case occurred in
the United States in a month, and D_ is a seasonal dummy;
g, is the quantity of good j.

In egs. (1), (2), and (3), a, B, v, p, A, and 6 are param-
eters to be estimated. Restrictions of homogeneity and
symmetry are needed but involve only the fixed, unknown
coefficients and so may be easily tested or imposed (Eales
and Unnevehr 1993). These restrictions include adding
up (Qa,=1, Zﬁ =0, ZA =0, ZG 0, ZP,S 0), homogeneity
(Zyﬂ—O) and symmetry (y y)

"Elasticities from the IAIDS demand model are calculated
following Green and Alston (1990, 1991) and flexibilities are
their inverse. Following Eales and Unnevehr (1993), we
describe own-quantity flexibilities as the percentage change
in the price of the ith good, when the quantity demanded
increases by 1%. Thus, demand is inflexible (flexible) if a
1% increase in consumption leads to a greater than (less)
than 1% decrease in the marginal consumption value of
that commodity. Commodities are termed as gross quan-
tity-substitutes if their cross-quantity flexibility is negative
and gross quantity-complements if it is positive (Eales and
Unnevehr 1993). Scale flexibilities measure the percentage
change in the normalized price of that meat in response to
a proportionate increase in the supply of all meats. Scale
flexibility of one commaodity is less than —1 for necessities
and greater than —1 for luxuries.

3.2. The dynamic IAIDS model

The dynamic IAIDS model is based on the static model
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above (Duffy 2003, 2006). If we assume quantities and
expenditure are weakly exogenous, the dynamic IAIDS
model is written as,
N
Aw=a,+y v, AIng,+ B, (AINQ)+T Aw,_,
j=1

+16,_,+ 17, for N=4 (4)

N 1 N N _
A InQ:ZaIYtAInqu+ EZ 2 VyA(ng, Ing,,), for N=4 ®)
=

i=1 =

st

K S
a=y A AAlL+GABSE+Y o, AD,, for K=3 and S=3 (6)
k=1 s=1

Where, A represents the first difference operator; Aw,
captures consumers’ habits and e, is the estimated re-

sidual (0,.) from the static IAIDS model with lag m.; €im, is
assumed to be a white noise stationary series process. I,
is the (N-1)x1 vector and I, is the (N-1)x(N-1) matrix and
n,is a vector of innovations that may be contemporaneously
correlated with each other but are uncorrelated with their
own lagged values and uncorrelated with all of the right-
hand side variables. If I, has rank r, with r,<N-1, then w,
is cointegrated with r, cointegrating vectors, reflecting a
long-run relationship among variables in the system (Wang
and Bessler 2006).

The dynamic IAIDS model that incorporates short-run
estimates will be an error correction representation of the
generalized static IAIDS model (Duffy 2003, 2006). This
dynamic form allows for disequilibrium in the short run by
treating the error term ¢ from equation (1) as the equilib-
rium errors and these errors tie the short-run behavior of
the dependent variable to its long-run value (Eakins and
Gallagher 2003).

The first-differenced terms on the right-hand side capture
short-term disturbances. The error correction term e,
captures the long-term equilibrium relationship and I, mea-
sures the speed of adjustment to the long-run equilibrium
where IM1,=1 indicates instantaneous adjustment. If I, is
larger than or close to 1, this implies rapid adjustment and
I, substantially smaller than 1 indicates a slower adjustment
to the long-term equilibrium. Flexibilities from the dynamic
IAIDS model are short-run flexibilities. The difference be-
tween the long-run and short-run equilibrium is adjusted by
M,, the coefficient of the error correction term.

4. Data

Demand estimation was done for consumption of beef,

pork, chicken, and turkey. Monthly data on retail price and
per capita consumption were obtained from the Economic
Research Service, United States Department of Agriculture
(USDA 2014b) from January 1989 to December 2010. The
beef and pork price data give average retail values, and
turkey price is measured by the retail value per pound of
whole frozen birds. The chicken price is a composite price
averaged across whole bird, chicken breast, and chicken
legs, weighted by quantity demanded of each.

The per capita consumption data for chicken and turkey
are from the USDA Poultry Yearbook. Since the per capita
consumption of beef and pork is not available in the USDA
Red Meat Yearbook, we divided total retail disappearance
of beef and pork by population from U.S. Census Bureau
Population Division.

The Al information indices were formed using the Lex-
isNexis Academic search engine. News articles related to
Al from up to 50 English-language newspapers worldwide’
were searched using keywords “avian influenza”, “bird flu”,
“H5N1” or “H7N2” over the period January 1989 to De-
cember 2010. The number of news articles in each month
was then used to construct Al variables discussed below.
In addition, we also searched for news articles associated
with Al human cases.

In turn three animal disease indices were construct-
ed. The Al-media coverage, gave the count of Al related
stories and was expected to affect both domestic demand
and excess demand. The second dummy variable named
Al-U.S., indicates months in which a U.S. Al outbreak
occurred, namely November 2003; February 2004, and
March 2004. Another dummy variable called BSE, was
used to indicate the months when BSE announcements
were made (December 2003, June 2005, and March 2006).
Both of the outbreak variables, Al-U.S. and BSE variables,
were anticipated to affect the domestic meat demand
and supply. The fourth and final disease related variable
named Al-human deaths gave the monthly number of Al-
H5N1 confirmed human cases and was drawn from the
World Health Organization (WHO) from January 2004 to
December 2009 (WHO 2014), which was also anticipated
to affect the international market.

Table 1 presents summary statistics on the variables.
Although the budget share of turkey was relatively small,
chicken and turkey were not combined because first, they
were difficult to weight and second their relationships with
beef and pork are different?. Fig. 1 shows prices of beef,

' Due to easily access of internet, we assumed U.S. consumers could read any newspaper in English no matter in which country the
newspaper was originally published. However, we cannot read all media reports to separate positive or negative views on Al due to
massive readings, and we only can identify the Al outbreak is related to poultry or human.

2 Demand for turkey is often seasonal, so we control for seasonal effects in the model.
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pork, chicken, and turkey from January 1989 to December
2010, plus the scaled cumulative numbers of articles and
the numbers of confirmed Al-HS5N1human cases.

From 1997, when the first HSN1 case was detected in
Hong Kong (Sims et al. 2003), until 2003 there were an
increasing number of Al newspaper articles. Since 2003,
Al outbreaks occurred at unprecedented levels in scale
and geographic locations with outbreaks initially through

Table 1 Statistic summary

countries in the East and Southeast Asia, then into Mongo-
lia, southern Russia, the Middle East, Europe, Africa, and
South Asia, with outbreaks recurring in various countries
in 2007 and later (Sims 2007; Jin and Mu 2012). With the
increased number of Al news articles and confirmed Al-
H5N1 human cases, turkey and chicken prices declined
substantially. Vertical dashed lines in Fig. 1 indicate the
three U.S. BSE announcements. With each BSE an-

Variable Description Mean  Std. Dev. Min Max
P, Retail price of beef (cents Ib™") 335.52 62.24 258.20  452.57
P, Retail price of pork (cents Ib™") 251.15 34.05 187.37  336.30
Py Retail price of chicken (cents Ib-") 157 12.12 136 186

P, Retail price of turkey (cents Ib-") 41.90 22.46 7.41 103.7
q, Consumption of beef (Ibs capita~) 7.38 0.55 5.89 8.55
q, Consumption of pork (Ibs capita=') 5.58 0.51 4.29 7.06
q, Consumption of chicken (Ibs capita™) 8.52 1.40 5.15 11.17
q, Consumption of turkey (Ibs capita~) 1.58 0.15 1.01 1.93
w, Budget share of beef 0.47 0.02 0.42 0.53
w, Budget share of pork 0.27 0.02 0.22 0.31
w, Budget share of chicken 0.25 0.02 0.20 0.29
w, Budget share of turkey 0.01 0.01 0.00 0.03
exp Expenditures on meat (cents/capita) 5290 961 3483 7416
Al-U.S. Dummy variable telling when there were Al outbreaks in the U.S. 0.01 0.1 0 1
Al-media coverage Number of articles with coverage of Al news 94.04 231.54 0 2198
Al-human deaths Number of confirmed Al human cases reported by WHO 90.05 160.1 0 512
BSE Dummy variables telling when BSE outbreaks were announced in 0.01 0.1 0 1

the U.S.

Beef price (cents pound')
——— Poultry price (cents pound-')
— — —— Pork price (cents pound')
Turkey price (cents pound-")

——s—— Cumulative number of articles of Al media coverage/100
———o—— Cumulative number of WHO confirmed H5N1 human cases/100

600 - L
| [
| [
| (.
| (.
| (.
|
400
/»-\v\ » /‘\,"\/‘/\\/'\"/ .......
2004 _ -~ et T A
J\N\'_"\A_”.N\«/\AA/‘V_—VvavvaN\»—/
/1
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Fig. 1 Historical meat prices trend and cumulative number of articles of Al media coverage and WHO confirmed H5N1 human
cases. Vertical dash lines indicate the announcement of BSE events. Number of articles on Al appearing in the media coverage

is scaled by 100.
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nouncement, there was a drop in beef price. However,
the overall effect on meat price was hard to determine
because of the interdependent relationships among beef,
pork, chicken, and turkey.

5. Hypotheses tests and empirical results
5.1. Hypotheses test of time series properties

Due to the time trend that is apparent in Fig. 1, the aug-
mented Dickey-Fuller (ADF) test was used to test whether
prices and expenditure have unit roots in levels and first
differences. Table 2 presents ADF test results showing that
turkey budget share, price of beef, pork, and chicken are
non-stationary in the levels, while all variables in their first
differences are stationary.

One weakness of the ADF test is its potential to confuse
structural breaks as evidence of non-stationary. Therefore,
the test proposed by Clemente et al. (1998) was used and
the results of which are shown in Table 2. Consistently, tests
of most variable levels did not reject the null hypothesis of
a unit root with one structural break. All variables in first
differences were stationary when a gradual shift in the mean
was allowed, suggesting the absence of cointegration. This
indicates that the parameter and elasticity estimates in the
level could be spurious (Eakins and Gallagher 2003; Maz-
zocchi 2006), and that the dynamic demand model would
be more appropriate.

There are two popular ways to determine the rank and
lag in a dynamic IAIDS model. The conventional approach
is a two-step procedure involving likelihood ratio (LR) tests

Table 2 Unit root tests with and without structural breaks™"

(Park et al. 2008). This procedure determines the lag
length using information matrices, and then determines
the rank of cointergration vectors based on a trace test
(Johansen 1988). The disadvantage of this approach is the
selection of the rank depending on the selection of the lag.
The alternative preferred approach is the model selection
method based on information criteria, which determines
the lag and rank simultaneously (Phillips and McFarland
1997; Aznar and Salvador 2002; Baltagi and Wang 2007;
Park et al. 2008).

Table 3 provides information criteria from model selection
approach and results indicated that a lag structure (m,) of 2
and a conintegration vector rank (r,) of 2 has the minimum
Hannan and Quinn information criterion (HQIC) loss as well
as the minimum Bayesian information criterion (BIC) loss
for both subsamples in the dynamic IAIDS model. Thus,
the dynamic IAIDS model was estimated with r,=2 and
m,=2 using a one-step, simultaneous, nonlinear seemingly
unrelated regression (NLSUR) approach (McElroy et al.
1985). This method also allows for correlations in the re-
sidual variance-covariance matrix, leading to more efficient
estimates and the method is more stable and robust with
respect to poor initial values (Elder 1997).

5.2. Empirical results from the static IAIDS model

For the static IAIDS model, estimated parameters are pre-
sented in Table 4 with model diagnostics. Aregression was
run over three sample periods—January 1989 to October
2003 to represent the period without U.S. Al and BSE out-
breaks, January 1989 to July 2006 to show the period with

Augmented Dickey-Fuller tests

Phillips-Perron test

Clemente, Montanes and Reyes test
for one structure break

Variable for zero structure break for zero structure break AO model 10 model

Level Difference Level Difference Level Difference Level Difference
w, —4.250” -14.965" -3.947 -5.456" -2.811 —4.421" —4.250" -14.965"
w, -5.730" -13.221" -2.918 -5.401" -2.362 —-4.764" -5.730" -13.221"
w, -3.386" -21.855" -3.573 -5.232" -2.928 -5.489" -3.386" -21.855"
w, -2.568 -13.764" -4.372" —4.400" -0.945 -5.976" -2.568 -13.764"
Inp, -0.36 -13.01" -0.40 -12.79" -2.71 -3.85" -3.15 -5.76"
Inp, -0.92 -12.91" -1.10 -13.10" -3.05 -3.30" -2.93 —4.40"
Inp, -2.00 -19.76™ -1.60 -20.16" -3.66" -9.98” -2.39 -9.44"
Inp, -3.95" -15.42" -3.53" -15.95" -0.65 -5.00" -2.04 -5.43"
Ing, -10.28" -30.24" -10.78" -31.52" -1.98 —7.64" -3.50 -7.57"
Ing, -8.26" -25.92" -8.33" -29.34" -2.01 -5.63" -2.08 -5.75"
Ing, —4.45" -34.86" -3.37" -51.35" -1.91 -12.53" -2.37 -8.63"
Ing, -10.46" -25.29" -10.36" -27.26" -1.87 —-4.74" -2.37 -6.96"
Inexp -3.53" —34.66" -2.30 —44.09” -1.15 -7.10" -1.20 -6.89"
5% critical value  —2.88 -2.88 -2.88 -2.88 -3.56 -3.56 —4.27 4.27

"The AO model captures a sudden change in a series and the 10 model allows for a gradual shift in the mean of the series. The null

hypothesis is that there is a unit root.
as below.

indicates we cannot accept the null hypothesis of a unit root at the 5% critical value. The same
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Table 3 Model selection procedure for rank (r,) and lag (m,)"
1989m.—2003m, 1989m,-2006m,

Lag Rank =7 0o BICY HQIC? BICY
1 1 227060  —226207  —22.6124 —22.5365
1 2 227689  —226516  —22.6808 —22.5764
2 1 _228627  -226807  —22.7269 —22.5649
2 2 2209423  -227282  -22.8237 -22.6332
3 1 228249  —225454  —22.7532 —22.5047
3 2 228629 -225512  —22.8019 -22.5248
4 1 227551  —223774  —22.6804 —22.3448
4 2 227761 223660  —22.7102 -22.3458
5 1 228341 223575  —22.7150 —22.2917
5 2 228200 -223199  -227152 —22.2630

"'Bold number indicate the optimal lag and rank.
2HQIC, Hannan Quinn information criterion. HQIC=n

Iog(RSS )+2kloglog(n), where n is the number of observation
n

and RSS is the residual sum of squares that results from the
statistical model.

¥BIC, Bayesian information criterion. BIC=nIn(G?%)+kin(n), where
02 is the error variance for the estimated model.

U.S. Al and BSE outbreaks, and January 1989 to December
2010 to show the overall effects®. Since all variables enter-
ing the static regression were stationary in first differences,
interpreting the results from this regression relies on the

residuals being stationary. The ADF test was used to test
whether residuals from the static IAIDS equations were
stationary and results, also presented in Table 4, rejected
the null hypothesis of a unit root at the 1% confidence level,
suggesting residuals are stationary. Thus, we could interpret
estimation results as follows.

Considering only the impacts of Al media coverage, the
results from the first sample period showed that Al media
coverage increased the U.S. pork budget share and had
insignificant impacts on other U.S. meat budget shares. It
is expected that chicken demand would be negatively affect-
ed; however, impacts on chicken demand are insignificant.
Two possible explanations: (1) there was no Al outbreaks
reported in the United States and there was no confirmed
human death resulting from Al as reported by the WHO
during this period, and (2) poor consumers are attracted by
the reduced chicken prices due to Al outbreaks.

Looking at results from the second sample period, which
included U.S. Al outbreaks and human deaths from Al in
other parts of the world, we find significantly increased
beef demand. The magnitude of the effect on U.S. meat
demand was much larger when Al outbreaks occurred in the
United States, as would be expected. Pork demand was

Table 4 Estimation results from the static IAIDS and model diagnostics™

Model estimation

Model diagnostics

Sample period Meat Al-U.S. Al-media  Al-human BSE-U.S. DW 'test Unit rogt RMSE? R
coverage death on residual? test on residual
Jan 1989-Oct 2003  Beef —-0.0036 2.2164 -8.340™ 0.0080 0.9997
(0.0023)
Pork 0.0032 2.5930 -8.629™ 0.0060 0.9995
(0.0017)
Chicken 0.0001 1.8368 -8.180™ 0.0069 0.9992
(0.0019)
Jan 1989-July 2006 Beef 1.0231°  -0.0006 0.0168™  —0.3473 1.9522 -5.051™ 0.0092 0.9996
(0.5730)  (0.0004) (0.0023) (0.4321)
Pork -0.4283 —-0.0002 —-0.0051™ 0.9061 2.2027 -8.103™ 0.0071 0.9993
(0.4352) (0.0003) (0.0018) (0.5625)
Chicken —0.5372 0.0007" -0.0136™ -0.6775 1.5601 -5.292™ 0.0068 0.9993
(0.4232)  (0.0003) (0.0017) (0.4140)
Jan 1989-Dec 2010 Beef 0.8375 0.0005 0.0052™ -0.3704 2.5680 -9.995™ 0.0085 0.9997
(0.5184)  (0.0003) (0.0005) (0.3862)
Pork -0.4167 -0.0005"  -0.0022™ 1.1046™ 2.4600 -10.460™" 0.0064 0.9994
(0.3916)  (0.0002) (0.0004) (0.5075)
Chicken —0.3822 —0.0001 -0.0055™ -0.6996" 2.4733 -11.409™ 0.0058 0.9995
(0.3541) (0.0002) (0.0003) (0.3475)

" Coefficients and standard errors are multiplied by 100.

?DW is the Durbin-Watson (DW) tests on residuals with the null hypotheses that residuals from the regression are independent.

® RMSE is the root mean squared error. The same as below.

"and " indicate significance at the 10 and 1% level; standard errors are in parenthesis. The same as below.

® Sample of January 1989 to October 2003 is the sample where no animal disease incidence occurred in the United States; January
1989 to July 2006 is the sample where animal disease incidence occurred in the United States.
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only affected by the numbers of Al human deaths. Chicken
demand declined, indicating that beef and chicken were
substitutes. U.S. chicken demand was also impacted by Al
media coverage with a significant positive effect. This likely
reflects the result of reduced demand worldwide and conse-
quentimpacts on U.S. chicken exports and price. Although
thousands of chickens and turkeys were slaughtered and
quarantined when there was an Al outbreak in the United
States, the quantity was small compared to the size of U.S.
production. With both shifts in domestic supply and demand
as well as a shift in excess demand internationally, the slight
increase in chicken demand was the aggregate effect.

Using the whole sample period, beef demand increased
and pork demand decreased as increased numbers of ar-
ticles of Al media coverage and numbers of WHO reported
Al human deaths occurred. Chicken demand declined as
the number of WHO reported Al confirmed human deaths
increased. Although the impact of WHO reported Al human
death numbers on U.S. meat demand were statistically signif-
icant, the magnitudes were small: 0.02% for beef, —-0.005%
for pork, and —0.01% for chicken in the January 1989 to July
2006 period with yet smaller impacts when the whole sample
period was used. These results suggested that the impacts
of overseas Al human deaths diminished over time.

In addition to the implications of Al on U.S. meat demand,
the impacts of BSE cases were also examined. BSE cases
increased pork demand and decreased chicken demand in
the whole sample period and had insignificant effects on
beef, suggesting beef and pork are substitutes. Itis possible
that the Al effects offset the BSE effects. In the long run, it
appeared that the severity and the duration of Al mattered
more than the few one-time BSE shocks. Nevertheless,

Table 5 Long-run own- and cross-price and scale flexibilities"

results show that animal disease outbreaks had negative
impacts on meat demand. These were consistent with
the results found in Beach and Zhen (2008), in which they
examined effects of Al outbreaks on meat demand in lItaly
and argued that similar but smaller impacts on chicken
consumption in the United States would be expected.

Table 5 reports the long-run uncompensated own- and
cross-price flexibilities, the scale flexibilities, and the ap-
propriate standard errors from the static model. Note that
all own-quantity flexibilities were negative and statistically
significant, as theoretically expected, indicating beef, pork,
and chicken demands in the United States are quantity
inflexible. In addition, beef was a quantity-substitute for
pork and chicken with all signs negative. Beef was deter-
mined to be necessity (scale flexibility <—1) and pork and
chicken were determined to be luxuries (scale flexibilities
>—1). These results are consistent with Eales and Unnevehr
(1993), in which they found all meats (except pork) to be
necessities and are own-price inflexible.

When the Al media coverage flexibility was examined,
pork and chicken consumption was increased by media
coverage of overseas disease outbreaks before 2004.
However, chicken and pork demand reduced when taking
account the aggregate effects from shifts in demand and
supply from both the domestic and the international markets.
Also people may have switched some consumption to pork
when the BSE disease outbreaks were announced. Since
Al and BSE disease information was overlapping in the
time period examined, both possibilities exist in a long-run
equilibrium. A short-run analysis may provide insight into
which reason was more important.

As expected, information related to human deaths

Jan1989-Oct 2003

Jan 1989-Jul 2006

Jan 1989-Dec 2010

Beef Pork Chicken Beef Pork Chicken Beef Pork Chicken
Beef -0.8713" -0.1457" -0.0885" -0.9248™ -0.1156" -0.0774" -0.8914™ -0.1266" -0.0700""
(0.0248) (0.0093) (0.0057) (0.0251) (0.0083) (0.0055) (0.0193) (0.0067) (0.0040)
Pork -0.1119" -0.8316™ -0.0142™ -0.0405 -0.8412" -0.0283" -0.0677" -0.8347" -0.0251™
(0.0254) (0.0112) (0.0037) (0.0301) (0.0086) (0.0051) (0.0223) (0.0074)  (0.0048)
Chicken 0.0036 0.0139 -0.8590™ 0.0346 -0.0117 -0.8600" —-0.0103 —-0.0242"" -0.8568™
(0.0363) (0.0145) (0.0083) (0.0340) (0.0125) (0.0082) (0.0230) (0.0079)  (0.0030)
Scale -1.0771" -0.9773" -0.8737" -1.0998" -0.9192™ -0.8573" -1.0681" -0.9269™ -0.9248"
(0.0261) (0.0343) (0.0443) (0.0261) (0.0356) (0.0386) (0.0216) (0.0288)  (0.0290)
Al media coverage -0.0072 0.0112 0.0005 -0.0012 -0.0008 0.0025 0.0010 -0.0018 -0.0005
Al human deaths 0.0324 -0.0171 —-0.0482 0.0100 -0.0076  -0.0196
Al-U.S. 0.0218 -0.0182 —-0.0204 0.0178 -0.0160 -0.0203
Al-BSE -0.0074 0.0385 -0.0257 -0.0079 0.0423 -0.0372

"' We calculated Marshallian own- and cross-price flexibilities using equation £=—0+

using equation f=-1 +ﬁ, where §; is the Kronecker delta with ;=1 if i=j and ;=0 if /#

W,

i

vitBa+y v;Ing,)
i=1

w,

i

and the scale flexibilities
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generated greater attention from people and consequently
consumers became more cautious when purchasing meat.
In the long term, beef demand increased as the number of
WHO confirmed Al human deaths increased, while pork and
chicken demand decreased. The decrease in pork demand
in the whole period may be associated with the 2009 H1N1
outbreaks in the United States and because it was labeled
as “swine flu” (Attavanich et al. 2011) and was not controlled
in this study. However, we observed the same pattern of
meat consumption responses to Al human deaths in the
period before 2009.

Domestic disease outbreaks have opposite effects. Pork
and chicken consumption reduces when U.S. Al outbreaks
while beef and chicken demand reduces when U.S. BSE
cases were announced. Table 4 also presents results
of model diagnostics. All Durbin-Watson (DW) tests on
residuals are statistically insignificant, suggesting there is
no serial correlation. In addition, all model estimates give
a high R? and the root mean squared error (RMSE) is very
small, both indicate the static model fits data well.

5.3. Empirical results from the dynamic IAIDS model

There are three criteria to determine a preferred long-run
equilibrium model (Eakins and Gallagher 2003) that could
be used in estimating the dynamic IAIDS model. Frist,
whether the estimated flexibilities imply a downward sloping
demand curve, which we have observed in Table 5; second,
whether the regression model passes various diagnostic
tests, such as goodness-of-fit and serial correlation, etc.;

Table 6 Estimation results from the EC-IAIDS model"

third, whether the model indicates a stationary pattern of
residuals. Model diagnostics in Table 4 suggested that re-
siduals from the static IAIDS model is stationary and without
serial correlation and fits the data well. Thus, this section
presents the dynamic IAIDS model estimation results, as
reported in Table 6.

Results from the dynamic IAIDS model are consistent to
that from the static IAIDS model, except fewer variables are
statistically significant and magnitude changes. In the short
term, we find that media coverage of Al outbreaks overseas
has insignificant effects on demand for all meats. However,
consumers’ response to animal disease is to increase beef
demand by about 0.5% when Al outbreaks are ongoing in
the United States and to increase pork demand by about
0.4% and reduce beef demand by about 0.4% when BSE
cases are announced by U.S. government. These results
show that adverse information from domestic animal dis-
ease matters more for short-run meat consumption than
does information on disease outbreaks or deaths overseas.

Results also showed shifts in meat demand consumption
habits were strong and significant at the 1% confidence level
for all three samples, which indicates consumers were per-
sist in their consumption behaviors over time after the 1990s.

The error correction term parameter [, in Table 6 for
beef was —12% when there were no Al and BSE cases in
the United States, which implies 12% of the disturbance
to the long-run equilibrium in the previous period adjusted
back to long-run equilibrium in this period. However, with
the animal disease outbreaks in the United States, the
adjustment rate increases to 30%, indicating a quicker

g:rri:‘)‘:e Meat  Al-U.S. ﬁ‘;vrzreadg'z Al dli’:;]a” BSE-US.  Aw,_, Upres Uiz Umoeniz RMSE  R?
Jan 1989-  Beef 0.0336 —11.1821" —11.9550' —12.3468 -3.5983 0.0040 0.8725
Oct 2003 (0.0334) (25491)  (6.5747) (8.2662) (6.3261)
Pork 0.0179 ~7.9512" 40262  3.3013 43918 0.0031 0.9290
(0.0255) (23362) (5.0379) (6.3276) (4.8332)
Chicken ~0.0261 -6.1812" -3.7455 —6.6925 —10.5372" 0.0034 0.7391
(0.0283) (3.1049)  (5.5451) (7.0431)  (5.3526)
Jan1989-  Beef  05226" 00084 00041 —0.3989™ —12.7952" —29.9868™ —24.9069™ —19.7354" 0.0043 0.8533
Jul 2006 (0.2356)  (0.0339) (0.0084) (0.1288) (2.3516) (7.6247) (8.7519) (8.5523)
Pork 02292 00105 00052  0.3710° -9.3800" 56888 07484 -3.0699 0.0030 0.9323
(0.1613)  (0.0232) (0.0058) (0.1873) (2.1080) (5.2317) (6.1330) (6.1115)
Chicken 02843  —0.0060 -0.0113 00025 -7.6040" 44136 15689 -0.3776 0.0039 0.7188
(0.2144)  (0.0308) (0.0076) (0.1722) (2.7641) (6.9959) (8.1480) (7.7560)
Jan 1989~  Beef  05211" 00124 00020 —-0.4188™ —10.9211™ —30.1533" —13.2837" —20.8174" 0.0045 0.8413
Dec 2010 (0.2374)  (0.0336) (0.0067) (0.1346) (2.1534) (8.5169) (6.5043) (9.4714)
Pork -0.1971 00015 00016  0.3961" -9.2270" 17190 44262  0.3583 0.0032 0.9233
(0.1673)  (0.0237) (0.0047) (0.1909) (1.9230) (5.9993) (4.4580) (6.6950)
Chicken —0.3040  —0.0017 -0.0058 —-0.0126 -7.9034™ 46507 —47119 —4.1110 0.0040 0.6983
(0.2126)  (0.0300)  (0.0059)  (0.1726) (24709) (7.6468) (5.8834)  (8.4790)

" Coefficients and standard errors in this Table are all multiplied by 100 to make them more comparable.
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adjustment after domestic disease outbreaks. Compared
to Al disease, U.S. consumers have been more aware of
and had prior knowledge of the health risk of BSE disease
and the safeguards against BSE due to effective information
provided by government agencies (e.g., USDA); thus, they
behave more rationally.

For chicken demand, 11% of the disturbance to the
long-run equilibrium was adjusted when there was only
media coverage of Al outbreaks overseas. When there
were Al and BSE outbreaks within the United States, the
adjustment rate decreased to 0.3 and 4% for later two
sample periods, respectively, suggesting there was longer
disturbance in demand in response to domestic events,
although coefficients are statistically insignificant. Due to
massive media coverage of Al outbreaks and increasing
numbers of Al human deaths, it would be expected to
take a long time for chicken demand to adjust back to the
long-run equilibrium.

Table 7 gives estimates of short-run own- and cross-price
and scale flexibilities. Compared to results in Table 5, the
short-run own-price flexibilities of beef, pork, and chicken
were close to their long-run flexibilities but are smaller in
magnitudes. This suggests that in short-run, all meats are
more own-price flexible. In other words, in long-run, with
a 1% increase in meat consumption would lead to a larger
changes in its normalized price compared that in short-run.

Table 7 also shows that beef is more scale flexible while
pork and chicken are less scale flexible. Combined with
the error correction coefficients in Table 6, the quantity
frequencies of demand for beef did not move far from the
corresponding long-run flexibilities as the adjustment rates
were fast. In short-run, outbreaks of Al and BSE in the
United States would increase beef and pork consumption,

Table 7 Short-run own- and cross-price and scale flexibilities

respectively, but the magnitudes are much smaller than
that in long-run.

6. Conclusion

Analyses were done on the economic impacts that animal
disease outbreaks (e.g., Al and BSE) and media coverage
had on U.S. meat demand. This was done using static and
dynamic versions of the IAIDS model, the dynamic one
using error correction terms (i.e., dynamic IAIDS)*. The
results find that beef and chicken demand was negatively
affected by BSE and Al disease outbreaks. Specifically,
in the short run, U.S. consumers shift demand due to both
outbreaks but more so due to domestic disease outbreaks
than for outbreaks occurring overseas—the impact of US-
Al outbreaks is about 0.5% for beef and the impact of U.S.
BSE cases is around —0.42% for beef and 0.4% for pork,
respectively. Regarding the BSE shock on meat demand,
there is a high rate of beef demand adjusted from distur-
bance to the long-run equilibrium and a lower adjustment
rate for chicken demand because the repeated outbreaks
of Al worldwide.

In the long run, information related to severe, persistently
recurring overseas animal disease outbreaks changes U.S.
consumers’ meat consumption patterns. Although effects
of animal diseases on U.S. meat demand were statisti-
cally significant, the magnitudes were small—the impact
of Al human death numbers is 0.005% for beef, —0.002%
for pork, and —0.006% for chicken and the impact of U.S.
BSE cases is 1.1% for pork and —0.7% for chicken. These
findings contribute to the understanding of how consum-
ers respond to animal health outbreaks that also pose a
human threat, as well as how media information impacts

Jan 1989-Oct 2003

Jan 1989-Jul 2006

Jan 1989-Dec 2010

Beef Pork Chicken Beef Pork Chicken Beef Pork Chicken
Beef -0.7936™ -0.1183" -0.0935" -0.7978™ -0.1111" -0.0958" -0.7951" -0.1109" -0.0969™
(0.0092) (0.0049) (0.0082) (0.0093) (0.0047) (0.0084) (0.0086) (0.0043) (0.0076)
Pork -0.1193" -0.8084™ -0.0622" -0.1120" -0.8117" -0.0684" -0.1115" -0.8100" -0.0692™
(0.0052) (0.0049) (0.0052) (0.0048) (0.0043) (0.0051) (0.0045) (0.0040) (0.0045)
Chicken -0.0914™ -0.0635" -0.8412™ -0.0939™ -0.0696™ -0.8317" -0.0950" -0.0706" -0.8319™
(0.0088) (0.0052) (0.0107) (0.0089) (0.0050) (0.0107) (0.0080) (0.0045)  (0.0094)
Scale -1.0254" -0.9967" -0.9756™ -1.0245" -0.9932™ -0.9819™ -1.0277" -0.9842"" -0.9858™
(0.0088) (0.0118) (0.0145) (0.0088) (0.0108) (0.0153) (0.0079) (0.0098) (0.0134)
Al media coverage 0.0676 0.0633 —-0.0969 0.0170 0.0372 -0.0224 0.0250 0.0052 -0.0064
Al human deaths 0.0079 0.0177 —0.0401 0.0038 0.0055 -0.0205
Al-U.S. 0.0112 -0.0086 -0.0113 0.0112 -0.0073 -0.0122
BSE-U.S. -0.0086 0.0140 0.0001 —-0.0090 0.0146  -0.0005

* We also test the homogeneity and symmetry restrictions for both the static IADIS and dynamic IADIS model. Please see test results

in Appendix.
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consumption patterns.

A most recent study shows that climate change is the
factor of the outbreaks of current highly pathogenic avian
influenza A virus (HPAI H5N1) in bird and may play a greater
role in the future (Mu et al. 2014), particularly in China. Thus,
the examination of Al impacts will have important implication
of animal disease prevention and mitigation strategies in
countries with higher probably of Al outbreaks in the future.

Appendix associated with this paper can be available on
http://www.ChinaAgriSci.com/V2/En/appendix.htm

References

Adhikari M, Paudel L, Houston J E, Paudel K P, Bukenya
J. 2006. The impact of cholesterol information on meat
demand: Application of an updated cholesterol index.
Journal of Food Distribution Research, 37, 60-69.

Alexander D J. 2007. Summary of avian influenza activity in
Europe, Asia, Africa, and Australasia, 2002-2006. Avian
Diseases, 51, 161-166.

Attavanich W, McCarl B A, Bessler D. 2011. The effect of H1N1
(swine flu) media coverage on agricultural commodity
markets. Applied Economic Perspectives and Policy, 33,
241-259.

Aznar A, Salvador M. 2002. Selecting the rank of the
cointegration space and the form of the intercept using an
information criterion. Econometric Theory, 18, 926-947.

Baltagi B H, Wang Z. 2007. Testing for cointegrating rank via
model selection: evidence from 165 data sets. Empirical
Economics, 33, 41-49.

Beach R H, Zhen C. 2008. Consumer purchasing behavior in
response to media coverage of avian influenza. Southern
Agricultural Economics Association 2008 Annual Meeting.
February 2-6, 2008. Dallas, Texas.

Brown D J, Schrader L F. 1990. Cholesterol information and
shell egg consumption. American Journal of Agricultural
Economics, 72, 548-555.

Burton M, Young T. 1996. The impact of BSE on the demand for
beef and other meats in Great Britain. Applied Economics,
28, 687-693.

Capps Jr. O, Schmitz J D. 1991. A recognition of health and
nutrition factors in food demand analysis. Western Journal
of Agricultural Economics, 16, 21-35.

Capps O, Park J. 2002. Impacts of advertising, attitudes,
lifestyles, and health on the demand for US pork:
Amicro-level analysis. Journal of Agricultural and Applied
Economics, 34, 1-16.

CDC (Centers for Disease Control and Prevention, USA). 2014.
Past outbreaks of avian influenza in North America. [2014-
01-10]. http://www.cdc.gov/flu/avianflu/past-outbreaks.htm

Chang H S, Kinnucan H W. 1991. Advertising, information,
and product quality: The case of butter. American Journal
of Agricultural Economics, 73, 1195-1203.

Clemente J, Montanes A, Reyes M. 1998. Testing for a unit root

in variables with a double change in the mean. Economics
Letters, 59, 175-182.

Crowley C S, Shimazaki Y. 2005. Measuring the impact of a
BSE announcement on US retail beef sales: A time-series
analysis. Journal of Agribusiness, 23, 19-40.

Davis G C. 1997. The logic of testing structural change in meat
demand: a methodological analysis and appraisal. American
Journal of Agricultural Economics, 79, 1186—1192.

Deaton A, Muellbauer J. 1980. An almost ideal demand system.
The American Economic Review, 70, 312-326.

Duffy M. 2003. Advertising and food, drink and tobacco
consumption in the United Kingdom: A dynamic demand
system. Agricultural Economics, 28, 51-70.

Duffy M. 2006. Tobacco consumption and policy in the United
Kingdom. Applied Economics, 38, 1235—-1257.

Eakins J M, Gallagher L A. 2003. Dynamic almost ideal demand
systems: an empirical analysis of alcohol expenditure in
Ireland. Applied Economics, 35, 1025—1036.

Eales J S, Unnevehr L J. 1988. Demand for beef and chicken
products: Separability and structural change. American
Journal of Agricultural Economics, 70, 521-532.

Eales J S, Unnevehr L J. 1993. Simultaneity and structural
change in US meat demand. American Journal of
Agricultural Economics, 75, 259-268.

Elder J. 1997. Estimating the arbitrage pricing theory with
observed macro factors. Economics Letters, 55, 241-246.

Green R, Alston J M. 1990. Elasticities in AIDS models.
American Journal of Agricultural Economics, 72, 442—445.

Green R, Alston J M. 1991. Elasticities in AIDS models:
Aclarification and extension. American Journal of Agricultural
Economics, 73, 874-875.

Holt M T, Balagtas J V. 2009. Estimating structural change
with smooth transition regressions: An application to meat
demand. American Journal of Agricultural Economics, 91,
1424-1431.

Holt M T, Goodwin B K. 1997. Generalized habit formation in an
inverse almost ideal demand system: An application to meat
expenditures in the US. Empirical Economics, 22, 293-320.

Ishida T, Ishikawa N, Fukushige M. 2010. Impact of BSE and
bird flu on consumers’ meat demand in Japan. Applied
Economics, 42, 49-56.

Jin Y, Mu J. 2012. Avian influenza in China: Consumer
perception of Al and their willingness to pay for traceability
labeling. In: Zilberman D, Otte J, Roland-Holst D, Pfeiffer
D, eds., Health and Animal Agriculture in Developing
Countries. Springer, New York. pp. 391-399.

Johansen S. 1988. Statistical analysis of cointegration vectors.
Journal of Economic Dynamics and Control, 12, 231-254.

Kuchler F, Tegene A. 2006. Did BSE announcements reduce
beef purchases? In: Did BSE Announcements Reduce Beef
Purchases? Economic Research Service, United States
Department of Agriculture, USA.

Lee C W, Swayne D E, Linares J A, Senne D A, Suarez D L.
2005. H5N2 avian influenza outbreak in Texas in 2004:
The first highly pathogenic strain in the United States in 20
years? Journal of Virology, 79, 11412—-11421.



Jianhong E Mu et al. [ Journal of Integrative Agriculture 2015, 14(6): 11301141 1141

Marsh J M, Brester G W, Smith V H. 2008. Effects of North
American BSE events on US cattle prices. Applied
Economic Perspectives and Policy, 30, 136—150.

Mazzocchi M. 2003. Time-varying coefficients in the Almost
Ideal Demand System: An empirical appraisal. European
Review of Agricultural Economics, 30, 241-270.

Mazzocchi M. 2006. No news is good news: Stochastic
parameters versus media coverage indices in demand
models after food scares. American Journal of Agricultural
Economics, 88, 727-741.

Mazzocchi M, Monache D D, Lobb A E. 2006. A structural time
series approach to modelling multiple and resurgent meat
scares in ltaly. Applied Economics, 38, 1677—-1688.

McElroy M B, Burmeister E, Wall K D. 1985. Two estimators
for the APT model when factors are measured. Economics
Letters, 19, 271-275.

Miljkovic D, Mostad D. 2005. Impact of changes in dietary
preferences on US retail demand for beef: Health concerns
and the role of media. Journal of Agribusiness, 23, 183.

Mu J E, McCarl B A, Wu X, Ward M P. 2014. Climate change
and the risk of highly pathogenic avian influenza outbreaks
in birds. British Journal of Environment and Climate Change,
4, 166-185.

Park M, Jin Y H, Bessler D A. 2008. The impacts of animal
disease crises on the Korean meat market. Agricultural
Economics, 39, 183-195.

Pelzel A M, McCluskey B J, Scott A E. 2006. Review of the
highly pathogenic avian influenza outbreak in Texas, 2004.
Journal of the American Veterinary Medical Association,
228, 1869-1875.

Phillips P C, McFarland J W. 1997. Forward exchange market
unbiasedness: The case of the Australian dollar since 1984.
Journal of International Money and Finance, 16, 885-907.

Piggott N E, Chalfant J A, Alston J M, Griffith G R. 1996.
Demand response to advertising in the Australian meat
industry. American Journal of Agricultural Economics, 78,
268-279.

Piggott N E, Marsh T L. 2004. Does food safety information
impact US meat demand? American Journal of Agricultural
Economics, 86, 154—174.

Rickertsen K. 1996. Structural change and the demand for
meat and fish in Norway. European Review of Agricultural

Economics, 23, 316-330.

Rickertsen K. 1998. The effects of advertising in an inverse
demand system: Norwegian vegetables revisited. European
Review of Agricultural Economics, 25, 129-140.

Sims L. 2007. Lessons learned from Asian H5N1 outbreak
control. Avian Diseases, 51, 174-181.

Sims L, Ellis T, Liu K, Dyrting K, Wong H, Peiris M, Guan Y,
Shortridge K. 2003. Avian influenza in Hong Kong 1997—
2002. Avian Diseases, 47, 832—838.

Sims L D, Narrod C. 2015. Understanding Avian Influenza.
Agriculture Department Animal Production and Health
Division, USA.

Tonsor G T, Marsh T L. 2007. Comparing heterogeneous
consumption in US and Japanese meat and fish demand.
Agricultural Economics, 37, 81-91.

Tonsor G T, Mintert J R, Schroeder T C. 2010. US meat
demand: household dynamics and media information
impacts. Journal of Agricultural and Resource Economics,
35, 1-17.

USDA. 2013. About BSE. [2014-01-10]. http://www.aphis.usda.
gov/wps/portal/footer/topicsofinterest/applyingforpermit?
1dmy&urile=wcm%3apath%3a%2Faphis_content_
library%2Fsa_our_focus%2Fsa_animal_health%2Fsa_
animal_disease_information%2Fsa_cattle_health%2Fsa_
bse%2Fct_about_bse

USDA. 2014a. Beef recall news release: FSIS-rc-067-2003
update. [2014-01-10]. http://www.fsis.usda.gov/Oa/recalls/
prelease/update067-2003.htm?redirecthttp=true

USDA. 2014b. Meat price spreads. [2014-01-10]. http://www.
ers.usda.gov/data-products/meat-price-spreads.aspx

Verbeke W, Ward R W. 2001. A fresh meat almost ideal demand
system incorporating negative TV press and advertising
impact. Agricultural Economics, 25, 359-374.

Wang Z, Bessler D A. 2006. Price and quantity endogeneity in
demand analysis: Evidence from directed acyclic graphs.
Agricultural Economics, 34, 87-95.

WHO. 2014. Cumulative number of confirmed human cases
for avian influenza A(H5N1) reported to WHO, 2003—-2013.
[2014-01-10]. http://www.who.int/influenza/human_
animal_interface/EN_GIP_20131210Cumulative
NumberH5N1cases.pdf?ua=1

(Managing editor WENG Ling-yun)





