














Table 6: Box-Cox test for model transformation
and the assumption of constant elasticity

Pork Chicken
Implied Prob>)(2 Decision Pr0b>)(2 Decision
Model
Hy: A=-1 Reciprocal 0.679 Cannot reject 0.000 Rejected at 5%
significance
Hy: A=0 Logarithmic 0.075 Cannot reject 0.474 Cannot reject
Hy: A=1 Linear 0.003 Rejected at 5% 0.000 Rejected at 5%
significance significance
No. of observations 26 111
A -1.293 -0.203
(0.706) (0.269)
Log likelihood -168.1 -2286.8

Table 6 shows the results of the Box-Cox test, which returned a non-significant A-value
of -1.293 for pork and -0.203 for chicken, implying that the constant elasticity assumption for the
particular model is not statistically problematic, even though the linear model was rejected for
both commodities. On the cautious side, the Prob>y” for pork is fairly small, and the estimates
should not be taken as precise values.

Table 7 on the next page distinguishes elasticities of quantity supplied to positive and
negative changes in expenditure, and as predicted, the supply of pork is more positive to falls
than to increases in expenditure. The coefficient of 0.275 is larger than the previous estimate of
0.174 for pork and is the more useful statistic for ethical vegetarians. Using similar calculations
from those performed on the previous page, the true marginal effect is closer to about 0.034 pigs
per year per vegetarian, or 1 pig for every 30 vegetarians.

Estimates for either positive and negative changes in expenditure were not significant for
chicken, although the t-value for In(expenditure) ; is substantially better at t-1 for negative
changes in expenditure than for positive changes, and yields a p-value of 0.074, which can be
construed as statistically significant.
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Table 7: Comparing elasticity estimates of chicken and pork production

w.r.t increased and decreased expenditures in previous t

In(pork produced In(chicken produced
and imported) ¢ and imported) ¢
Expenditure Expenditure Expenditure Expenditure
int-1> int-1< int-1> int-1<
Expenditure Expenditure Expenditure Expenditure

int-2 int-2 int-2 int-2

In(expenditure) ¢ 0.136 0.275* 0.099 0.284
(0.145) (0.115) (0.108) (0.155)

In(expenditure) ., 0.097 -0.062
(0.110) (0.115)

In(expenditure) (.3 0.094 0.137
(0.068) (0.087)

In(retail price) -0.167 -0.533%* 0.067 0.129
(0.188) (0.156) (0.241) (0.321)

In(cost of production) ¢ -0.475%* -0.442%* -0.458%* -0.521
(0.059) (0.057) (0.097) (0.137)

In(meat in inventory) ¢ 0.137 0.036 0.311%** 0.291
(0.069) (0.036) (0.043) (0.075)

Constant 17.54 16.54 10.18 9.126

Adjusted R 0.955 0.931 0.958 0.945
Root MSE 0.017 0.018 0.056 0.062

No. of observations 13 13 65 46

* significant at 5% level
** significant at 1% level

On the next page, Tables 8 and 9 shows the impact of proportional changes in
expenditure on the quantity of new animals brought into factory farms and on the quantity of
animals slaughtered in domestic production. The negative sign for the elasticity of new pig crops
to changes in expenditures is the most obvious surprise, given that total quantity of pork
decreases to a fall in expenditure. There may be some omitted variable bias in this case, given
that only 56.6% of variation is explained. Another possible explanation is that as the value of
their meat falls, producers delay the slaughter of female pigs, which are turned over to producing
piglets instead. This explanation however does not correspond to the non-significant impact on
pigs slaughtered. The third reason, which I think is the most plausible, is that falling
expenditures tend to affect mostly pork imports rather than domestic production.

The value of 0.192 for the responsiveness of new chicken crops supplied to a change in
expenditure is larger than the value obtained from Table 5, and is probably the more significant
value, since it includes the number of animals which were not slaughtered but were lost to
disease, shock or other causes. In addition, the third lag is also significant. Using these values,
the impact of the average vegetarian is closer to (1.92+1.06)/0.130*9 = 18.5 chickens per year.
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Table 8: Estimates of elasticities of new pig crop and new chicks hatched

w.r.t expenditures in previous t

In(new pig crop) ¢

In(new chicks hatched) .

In(expenditure) ¢, -0.148%* 0.1927%*
(0.051) (0.045)
In(expenditure) ., 0.075
(0.043)
In(expenditure) ¢3 0.106*
(0.043)
In(retail price) 0.217 0.028
(0.150) (0.151)
In(cost of production) ¢ -0.159* -0.227**
(0.060) (0.059)
In(meat in inventory) ¢ -0.003 0.221**
(0.035) (0.027)
Constant 21.15 8.817
Adjusted R® 0.566 0.942
Root MSE 0.020 0.047
No. of observations 26 111

* significant at 5% level
** significant at 1% level

Table 9: Estimates of elasticities of pigs and chickens slaughtered or
dead before slaughter w.r.t expenditures in previous t

In(pigs killed) . In(chickens killed)
In(expenditure) ¢ 0.014 0.099*
(0.042) (0.044)
In(expenditure) ., 0.080
(0.045)
In(expenditure) (3 0.062
(0.040)
In(retail price) 1 -0.279%* 0.033
(0.093) (0.128)
In(cost of production) -0.325%* -0.272%*
(0.022) (0.055)
In(meat in inventory) ¢ 0.039* 0.222%*
(0.016) (0.026)
Constant 16.98 11.59
Adjusted R’ 0.931 0.944
Root MSE 0.013 0.044
No. of observations 26 111

* significant at 5% level
** significant at 1% level
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Table 10: Comparing elasticity estimates of domestically produced and
imported chicken and pork

In(pork) ¢ In(chicken) ¢
Domestic Imports Domestic Imports
production production
In(expenditure) ¢, 0.135* 1.058%* 0.130* 1.393*
(0.051) (0.491) (0.057) (0.674)
In(expenditure) (., 0.077 1.029
(0.064) (0.674)
In(expenditure) (3 0.110 0.687
(0.057) (0.737)
In(retail price) -0.323* -1.023 0.077 -8.380*
(0.142) (0.871) (0.193) (3.618)
In(cost of production) -0.448%** -1.139%* -0.460** -2.582%%*
(0.029) (0.254) (0.078) (0.972)
In(meat in inventory) ¢ 0.035 0.187 0.307** 0.695%*
(0.025) (0.245) (0.037) (0.338)
Constant 19.61 -6.787 9.694 -44.36
Adjusted R® 0.930 0.643 0.954 0.692
Root MSE 0.018 0.137 0.058 0.641
No. of observations 26 26 111 75

* significant at 5% level
** significant at 1% level

Table 10 observes the difference on the impact on imported and domestically produced
animals, which may be of concern to ethical vegetarians since protection of farm animal interests
differ between countries, although factory farming is also employed in Canada, Australia and
New Zealand, which are major sources of imports, especially Canada in the case of pork. The
tables shows clearly that the signs are of the expected direction, and that the impact on imports is
much larger than that on domestic production, which is plausible given that imports constitute a
minor part of supply, and a given change would be represent a much bigger proportional
difference to exporters.
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5.2 Testing the Alternative Theory

Performing a similar test on the second model, I obtained similar results, with one lag
recommended for pork and three lags for chicken, which is consistent with the hypothesis that
the shorter production cycle of chickens allows producers to use more recent information when
making production decisions.

Table 11: Choosing number of lags for expenditure
using Akaike and Bayes Information Criteria

Lags Pork Chicken
No. of observations: 23 No. of observations: 110
degrees of AIC BIC degrees of AIC BIC
freedom freedom
1 1 -2.674* -2.575% 1 -1.344 -1.295
2 1 -2.596 -2.448 1 -1.411 -1.338
3 1 -2.509 -2.312 1 -1.689* -1.590*
4 1 -2.432 -2.185 1 -1.676 -1.553

Table 12: Estimates of elasticities of production costs
w.r.t expenditures in previous t

In(pork production cost per In(chicken production cost

10 1b) ¢ per 10 1b) ¢
In(expenditure) ¢ -0.412 -0.090*
(0.215) (0.043)
In(expenditure) ., -0.048
(0.040)
In(expenditure) (.3 -0.031
(0.042)
In(retail price) -0.897* 0.239*
(0.342) (0.106)
In(animals in inventory) ¢ -2.885%* -0.054
(0.666) (0.030)
In(meat in inventory) ¢ -0.266** -1.179**
(0.090) (0.136)
Constant 67.22 29.90
Adjusted R 0.690 0.902
Root MSE 0.077 0.051
No. of observations 26 111

* significant at 5% level
** significant at 1% level

Table 12 shows the first results for responsiveness of the cost of production per 10 1b to a
change in expenditure on meat. Firstly, the negative coefficients for In(animals in inventory),

and In(meat in inventory), are consistent with findings that larger operations tend to have lower
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production costs, which may attract producers to expand production. From the previous
regressions (see Table 5), however, the actual production levels do fall rather than rise in
response to falling profits, leaving a more consolidated but overall smaller industry.

However, it is the negative signs of the coefficients for In(expenditure).; is the most
interesting result, since it is the opposite of what was predicted by Fraser (2005). The coefficient
for pork, -0.412, has a p-value of 0.060, which is fairly significant. These values do not offer any
evidence that animal welfare is compromised by ethical vegetarianism, since it would not lead to
lower average costs.

The coefficients for In(retail price).; are equally puzzling. Assuming that demand for
chicken is price elastic and for pork price inelastic (see Table 3 and the discussion on page 12), a
rise in prices should lead to higher profitability for pork and lower profitability for chicken.
Under Fraser, this should mean that the coefficient should be positive for pork and negative for
chicken, since producers should increase expenditure on each pig and lower expenditure on each
chicken. The results, on the other hand, show that the coefficient is negative for pork and
positive for chicken.

To verify that the problem is not an issue of functional forms, a Box-Cox test was used.
Table 13 shows that the logarithmic form is acceptable for the model and that Prob>y” are quite
far from critical values.

Table 13: Box-Cox test for model transformation and
the assumption of constant elasticity

Pork Chicken
Implied Pr0b>)(2 Decision Pr0b>)(2 Decision
Model

Hy,: A=-1 Reciprocal 0.056 Cannot 0.463 Cannot reject
reject

H,: =0 Logarithmic 0.378 Cannot 0.723 Cannot reject
reject

Hy:A=1 Linear 0.867 Cannot 0.151 Cannot reject
reject

No. of observations 26 111

A -0.842 -0.326

(0.946) (0.919)
Log likelihood 32.71 177.9
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Table 14: Comparing elasticity estimates of chicken and pork production
w.r.t increased and decreased expenditures in previous t

In(pork production cost In(chicken production cost
per 10 1b) ¢ per 10 1b) ¢
Expenditure  Expenditure = Expenditure Expenditure
int-1> int-1< int-1> int-1>
Expenditure  Expenditure  Expenditure Expenditure
int-2 int-2 int-2 int-2
In(expenditure) ¢ -1.232 -0.465 0.071 -0.132
(0.564) (0.477) (0.109) (0.117)
In(expenditure) ., -0.243 -0.011
(0.123) (0.104)
In(expenditure) 3 -0.045 -0.021
(0.062) (0.099)
In(retail price) 1 -0.053 -1.204** 0.065 0.428
(0.744) (0.383) (0.157) (0.214)
In(animals in inventory) ¢ -2.876%* -2.768** -0.055 -0.026
(1.034) (0.661) (0.038) (0.053)
In(animals in inventory) ¢ -0.581** -0.229* -1.320%* -1.157**
(0.152) (0.083) (0.187) (0.226)
Constant 91.62 65.72 34.19 28.34
Adjusted R’ 0.698 0.755 0.904 0.894
Root MSE 0.079 0.067 0.051 0.052
No. of observations 13 13 65 46

* significant at 5% level
** significant at 1% level

Table 14 distinguishes between effects of falling and rising expenditures on average costs
of production. Again, coefficients for In(expenditure);, are negative for both meats. The values
are also insignificant at 5% level, although the coefficient for In(expenditure).., on chicken when
expenditure ; represents an increase in expenditure, -0.243, has a fairly small p-value of 0.053.
The signs of the coefficients for In(retail price)..; continue to be incorrect.

The model therefore does not support Fraser’s claims that “the problem has not been

excessive profit-taking by large corporations, but low and unpredictable profits and the
constraints these place on producers” (Fraser 2005).
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6. CONCLUSION

The findings from this paper generally support the economic arguments for ethical
vegetarianism in the case of chicken and pork, although results may differ for other meats and
animal products. On the other hand, there is little evidence to show that ethical vegetarianism is
actually counterproductive, unless further studies show that animal welfare is improved at the
expense of farm and slaughterhouse workers or the environment. In addition, one may conclude
that vegetarianism decreases animal suffering only if one also accepts that less animal suffering
occurs when there are fewer animals being brought into being and reared on factory farms,
returning the debate on the ethical vegetarianism to philosophical grounds.

In the economic realm, however, there is certainly avenue for further research. The
current models suffer from relatively small sample sizes, and results may change with the
inclusion of new theoretically relevant explanatory variables such as retail prices of other meats.
It may also be appropriate to study the impact of changes in expenditures before and after the
mid-1990s, which may display different behavior in production decision-making. Furthermore,
instead of comparing the effect of increasing and decreasing expenditure on cost of production,
the effect of increasing and decreasing profits or production levels could be used. In particular, a
direct test of the theories in Table 1 would make the conclusion more convincing. On the
microeconomic level, individual firm studies would provide a stronger insight into the choice of
variables and length of lag, as well as the impact of average costs on animal welfare. For
consumer studies, the assumption that people spend the same proportions of money on similar
foods is important to the results, and would be in its own right an interesting question to answer.
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