Based on the Hotelling’s lemma in the profit function,

the hog supply can be written in the general econometric

model as

G)

where isan vector of hog production variables
ineach of the  counties for a given time period, is
the matrix of explanatory variables, isa
parameter vector to be estimated, and is an vector

of normally distributed error terms with zero mean and
variance

To measure the impact of CAFOs on the hog supply,
we employ the treatment effect sample selection model
(Greene, 2000). The model assumes a joint normal
distribution between the errors of the selection equation
(caros/no caFos) and the regression equation (supply
of hogs). As discussed in the introduction, this approach
accounts for the fact that unobservable variables may
be correlated with both the operators’ decision to adopt
the caFo structure and the hog supply, allowing for an
unbiased estimate of the impact of caFos on total supply.
The treatment effect approach is used here rather than an
instrumental variables approach because there are too few
variables available with which to instrument the caros
dummy variable.

A hog supply equation is
(4) 5, =8'%,+0C, +¢,

where €, is a dummy variable indicating whether or not
the county has at least one ca¥o. Let latent variable C;’
equal the number of hog farms in each county whose herd
hog is greater than 1,000 animal units:

()

where  is a vector of regional characteristics. If the latent
variable is greater than one, then the dummy variable
indicating caFos () equals 1, and equals o otherwise.
We cannot simply estimate (4) because the decision

to site a CAFO may be determined by unobservable
variables (management ability, regional characteristics,
environmental regulations, etc.) that may also affect
performance and/or number of hogs produced. If this is
the case, the error terms in (4) and (5) will be correlated,
leading to biased estimates of and . To give details,
suppose the errors have a joint normal distribution with
the following form:

When , standard regression techniques applied to
(4) yield biased results. Coupled with our supply equation,
we find that

(6)

where

is the inverse Mills ratio. (6) implies that omitting  in
an ordinary least squares regression of (4) would lead to
omitted variable bias in estimates of and . To derive
consistent parameter estimates, we can use a two-stage
approach starting with a probit estimation of (5). In the
second stage, estimates of  are used to compute the
inverse Mills ratio, which is included as an additional
term in an OLS estimation of (4). This sample selection
procedure is consistent, but not efficient. Asymptotically
efficient maximum likelihood parameter estimates can be
obtained by maximizing

where

is the joint normal density function, which is a function of
the parameters.

Data

To observe the relationship between cAFos in the hog
industry and the pollution haven hypothesis, this study
will employ county level data for 15 states, resulting

in a total of 1,320 observations for 1992 and 2002,
representing both traditional (Ohio, Michigan, Indiana,
Illinois, Wisconsin, Missouri, lowa, and Minnesota)
and nontraditional locations of hog production (South
Dakota, Nebraska, Kansas, Oklahoma, Arkansas,
Pennsylvania, and North Carolina). These states held
about 90% of the hog inventory in 2002 as recorded by
the 2002 Census of Agriculture.

Data is drawn from five sources. Swine industry
data, e.g., hogs and pigs (inventory and sales), the
price per animal unit of hogs, and the price of corn, is
drawn from the 1992 and 2002 Census of Agriculture
(UsDA, 1992, 2002) and National Agricultural Statistics
Service, United States Department of Agriculture (UsDA-
NASS, 2008). Socioeconomic data, e.g., county area,
population density, housing density, and etc., is drawn
from the 1990 and 2000 Census of Population (Census,
1990, 2000). Farm income and expenses are drawn
from the Bureau of Economic Analysis, United States
Department of Commerce (USBEA, 2007). Property
taxes data is drawn from the 1992 and 2002 Census of

Governments (Census, 1992, 2002). Environmental ’
regulation data is drawn from several sources such as ‘
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Copeland (Copeland, 1994), NACPTF (NACPTEF, 1998),
and Metcalfe (2000a and 2000b).

Dependent variables considered are the county’s total
hog inventory (Hog) for the supply equation, and the
dummy variable determining the cAFos operation (Dcafo)
in a county for the selection equation. The conventional
variable of the supply equation is the hog price (Price),
which is calculated by the ratio of total revenue of hogs
and pigs sold to the number of hogs and pigs sold. Input
variables are the price of corn (Pmz), feed purchases
(Feed), and livestock purchases (Pigpur) as a proxy for pig
purchases. Cash receipts for livestock (Cash) is defined as
the return for livestock, and government subsidies (Su6)
are investment variables. Per capita income (Pcz) is used
as the proxy for average population assets. A variable
representing property taxes per square miles (P#) is used

A
Table 1. Legislation Description

as one of the costs of hog production. Total number

of farms (Farm) will be used to determine the supply
equation, while the total number of caros (c4ro) will

be used to construct the Deafo. Regulatory stringency
variables include two variables: (1) the state-level index of
environmental regulation including local control (Envreg),
and (2) the cost share program (Costshr)—for example,
the Environmental Quality Incentive Program (EQ1p).
Details of regulatory stringency variables are shown in
Table 1. Urban and population characteristics employed in
the selection equation include population density (Pden)
and housing density (Hden). In addition, the acceleration
terms of density are included in the selection equation (P2
and F2). The variables used in estimation are summarized

in Table 2.

Legislation Description

Local control Some regulation is imposed at a county or natural resource district level.

Facility design approval State has requirements for appropriate engineering of the feeding operation.
Waste system approval State has requirements for appropriate engineering of the waste-collection and/or

storage system.

Geological testing

Testing of the soil and/or groundwater near the feeding operation is required.

Public notice Public notice and/or public hearings are required when the operation is purposed.

Setbacks Distances are regulated for facility and/or manure storage separation from
property lines and/or surface water and groundwater.

Nutrient management A plan is required demonstrating that nutrient field application occurs at

engineering agronomic rates.

More stringent then

State legislation imposes size restrictions more stringent than federal NPDES

NPDES permit program.

Bonding Proof of financial responsibility is required for manure leaks and spills as well as
system closures.

Moratoria Severe restrictions have been imposed on size of operations or on total
production.

Cost-share programs State has cost-share program(s) to help operations adopt approved manure-

management practices.




A

Table 2. Summary Statistics

1992 2002
VARIABLE Mean Min Max Mean Min Max UNIT
Hog 38530.2 0 1149704 39043.9 0 2166185 Animal Unit
Price 100.6 0 288.8 73.2 0 412.3 $1,000/AU
Pmz 2.4 213 2.80 2.32 2.1 2.8 $/Bushel
Feed 9512.4 0 244655.8 8717.4 0 240903.7 $1,000
Pigpur 11163.0 0 313848.4 9280.6 0 3222251 $1,000
Cash 43980.9 0 7009922 36705.0 0 6500421 $1,000
Sub 7276.7 0 38041.1 9477.5 0 72834.71 $1,000
Pci 19.4 9.4 41.7 23.0 8.5 46.2 $1,000
Pt 46887.2 175.6 6082427.0 59004.7 305.8 7212274.0 $1,000
Farm 106.9 0 972 39.9 0 528 Number
Cafo 8.2 0 161 8.6 0 324 Number
Dcafo 0.7 0 1 0.6 0 1 Dummy
Envreg 3.7 1 8 7.2 3 9 Index
Costshr 0.3 0 1 0.7 0 2 Index
Area 737.8 87.5 6859.9 737.8 87.5 6859.9 Sqg. miles
Pop 64003.6 462 5199839 68898.0 400 5365567 Persons
Pden 112.9 0.3 11046.0 1211 0.4 10422.0 Persons/Sq. miles
House 25897.7 242 2021833 28756.6 273 2096121 Units
Hden 45.6 0.3 4731.5 50.5 0.3 4640.8 Units/Sq. miles
P2 1721 0 122013.4 170.7 0 108618.1 -
H2 29.6 0 22387.0 31.0 0 21536.7 -
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Empirical Results

After testing for structural change across the two time
periods, this study finds that it is not suitable to pool

the data. Therefore, this study estimates the supply
equation and the selection equation in each period and
compares those estimates in order to observe the change
in behavior of hog operations between the two periods. In
addition, with the same specification, this study compares
the presence of cAFos and tests the pollution haven
hypothesis for each decade.

Tables 3a and 3b list the marginal effect results of the
first-stage probit model, explaining the farm level decision
to adopt the caFo production system versus the small
farm hog production system. The coefficients of the probit
model, which are not shown here, are used to compute
the inverse Mills ratio used in the two-stage procedure.
Estimates from the firse-stage procedure are used as
starting values in the maximum likelihood estimation in

the first-stage selection model. The models are significant
and correctly predict 69.8% and 63.4% the farmer
decision whether or not to adopt the caro hog production
system in 1992 and 2002, respectively. Most variables
have consistent coefficients that are statistically different
from zero except for Envreg in the 1992 model and Prr in
the 2002 model, and their signs are consistent between
the two periods except for Costshr variable. The marginal
effect results indicate that for an average operation, an
increase in housing density, property taxes, and square
value of population density lessen the probability of the
establishment of caFos, while an increase in population
density and square value of housing density raise the
likelihood of caFos. An increase in the environmental
regulation index is more likely to broaden the probability
that the hog operation will be concentrated. These results
are consistent with the fact that all cAros have been
broadly regulated by the Clean Water Act.

A

Table 3a. 1992 Marginal Effects of Probit Estimates: CAFO's Decision

Probit regression, reporting marginal effects Number of obs = 1320
Wald chi2(7) = 61.56
Prob > chi2 = 0.0000

Log pseudolikelihood = -759.63841 Pseudo R2 = 0.0609

Dcafo dF/dx Robust z P>(z2) x-bar [95% C.I. ]

Std. Error

Envreg .0045431 .006584 0.69 0.490 3.66515 -.008361 0.17448

Costshr* 1055312 .0281105 3.56 0.000 262879 .050436 160627

P2r -.0028175 .0009014 -3.17 0.002 172143 -.004584 -.001051

H2r .0154074 .0048849 3.20 0.001 29.5736 .005833 .024982

Pt1 -4.96e -07 2.16e -07 -2.31 0.021 46887.2 -9.2e -07 -7.4e -08

Pden 0.94725 .0016897 5.60 0.000 112.875 .006161 .012784

Hden -.0224695 .0040099 -5.59 0.000 45.5865 -.030329 -.01461

obs. P 6977273

pred. P 6976455

(at x-bar)

*dF/dx is for discrete change of dummy variable from 0 to 1
z and P>(z) correspond to the test of the underlying coefficient being 0



A
Table 3b. 2002 Marginal Effects of Probit Estimates: CAFO’s Decision

Probit regression, reporting marginal effects Number of obs = 1320
Wald chi2(7) = 127.51
Prob > chi2 = 0.000
Log pseudolikelihood = -771.87996 Pseudo R2 = 0.1044
Dcafo df/dx Robust z P>(z2) x-bar [95% C.I. ]
Std. Error
Envreg .0434366 .0076072 5.70 0.000 7.15985 0.28527 0.58346
Costshr -1645927 0.24399 -6.72 0.000 .673485 -.212414 -116772
Pt1 -1.78e -07 3.37e -07 -0.53 0.597 .59004.7 -8.4e -07 4.8e -07
Pden .0106023 .0018859 5.73 0.000 121.055 .006906 .014299
Hden -.0246814 .0043712 -5.74 0.000 50.4503 -.033249 -.016114
P2r -.0037833 .0013094 -2.95 0.003 170.731 -.00635 -.001217
H2r .0192133 .0065832 2.98 0.003 31.0139 .006311 .032116
obs. P .6409091
pred. P 6344448
(at x-bar)

z and P>(z) correspond to the test of the underlying coefficient being 0
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A

Table 4a. 1992 Selection Model Maximum Likelihood Estimate

Heckman selection model Number of obs = 1320
(regression model with sample selection) Censored obs = 399
Uncensored obs = 921
Wald chi2(7) = 446.70
Log pseudolikelihood = -11868.35 Prob > chi2 = 0.000
coef. Robust z P>(z) [95% C.I. ]
Std. Error
HOG
Pricel 345.8701 100.0988 3.46 0.001 149.68 542.0602
Pmz1 2296.857 7119.634 0.32 0.747 -11657.37 16251.08
Feed1 .5042489 .2096977 2.40 0.016 .0932491 9152488
Sub1 1.095332 274964 3.98 0.000 .5564125 1.634252
Pt1 -.0634356 .022704 -2.79 0.005 -1079346  -.0189366
Farm 333.9771 26.98635 12.38 0.000 281.0848 386.8693
Envreg -2632.902 1159.198 -2.27 0.023 -4904.889 -360.9153
_cons -61070.99 20568.71 -2.97 0.003 -101384.9 -20757.06
DCAFO
Envreg .007203 .0180538 0.40 0.690 -.0281817 425877
Costshr 0629648 .0658707 0.96 0.339 -.06613%94 1920691
Pt1 -3.38e -07 4.86e -07 -0.70 0.486 -1.2%e -06 6.14e -07
Pden .0169188 .0036095 4.69 0.000 .0098444 .0239933
Hden -.0410076 .0084667 -4.84 0.000 -.057602 -.00244131
P2r -.0054686 .0015414 -3.55 0.000 -.0084897  -.0024474
H2r .0300389 .0083959 3.58 0.000 .0135833 .0464945
_cons .2949835 .0687587 4.29 0.000 160219 4297481
/athrho 2.086815 1961788 10.64 0.000 1.702312 2.471318
/insigma 11.02872 1996223 55.25 0.000 10.63746 11.41997
rho 9696744 .0117181 9356974 9858296
sigma 6168.42 12300.41 41666.96 91123.29
lambda 59749.8 12528.95 35193.52 84306.09

Wald test of indep. egns. (rho=0): chi(2)=113.15 Prob>chi2=0.000

The maximum likelihood estimates of the 1992 and

2002 treatment effect selection models are presented
in Tables 4a and sa, respectively. Based on the Wald

test, the sample selection corrections are needed in both

models, supporting this study framework in both years.

The estimated coefficients in the bottom half of Tables

4aand sa correspond to the selection equation, and are

mostly consistent in sign with the results of the probit
model in Tables 3a and 3b, but more efficient. In addition,
the standard errors presented in Tables 4a and sa are the

robust standard errors.

Selection Equation

In terms of environmental regulations (Envreg and
Costshr), the estimated parameters show that regulations
have no effect on producer decisions in 1992, while
Envreg increases the probability that a caFo is sited in a
particular county in 2002. Urbanization variables (Pden,

Hden, P2r, and Hzr) affect significantly the producer
decision among study periods. Property taxes parameters
(Prr) are not statistically significant in either year. This
means that property taxes are not the main criteria to the
decisions of being caFos.

The positive sign of Envregin Tables 3a, 3b, 4a, and sa
gives consistent information that stringent environmental
regulations do not deter the hog producer decisions to
be concentrated feeding operations, but support. At the
federal level, caFos have been regulated based on the
Clean Water Act, and odor from the operations is not
included. At the state and/or county level, it may be the
case that environmental regulations probably are not
stringent, not fully implemented, and/or offer exemptions
to hog operations.

Tables 4b and sb show the predicted probabilities of
being cAros and their marginal effects. The predicted
probabilities for the 1992 and 2002 models overall are
62.1% and 53.4%, respectively. When all variables are
held at their means, an additional index value of Envreg
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Table 4b. 1992 Marginal Effects on the Probability of Being CAFO's

Marginal effects after Heckman

y = Pr (Dcafo) (predict, psel)

=.62148545
Variable dy/dx Std. Error z P>(z) [95% C.1] X
Envreg .0027393 .00685 0.40 0.689 -.010687 .016165 3.66515
Costshr .0238289 .0246 0.97 0.333 -.024385 .072043 .262879
Pt1 -1.2%e -07 .00000 -0.70 0.485 -4.9e -07 2.3e -07 46887.2
Pden .0064342 .00131 4.90 0.000 .00386 .009008 112.875
Hden -.0155951 .00308 -5.07 0.000 -.021624 -.009566 45.5865
P2r -.0020797 .00058 -3.62 0.000 -.003207 -.000953 172.143
H2r .0114237 .00313 3.65 0.000 .005286 .017561 29.5736
*dy/dx is for discrete change of dummy variable from 0 to 1
A
Table 4c. 1992 Marginal Effects of Regression Equation
Marginal effects after Heckman y = E [Hog*IPr (Dcafo)] (predict, y expected)

= 32140.939
Variable dy/dx Std. Error z P>(z) [ 95% C.I. ] X
Pricel 214.9532 63.863 3.37 0.001 89.7848 340.122 100.6
Pmz1 1427.463 44279 0.32 0.747 -7250.98 10105.9 2.43485
Feed1 .3133834 12733 2.46 0.014 0.63812 .562955 9512.43
Sub1 .680733 16408 415 0.000 .359146 1.00232 7276.73
Pt1 -.0389958 .01311 -2.98 0.003 -.064686 -.013305 46887.2
Farm 207.5619 20.336 10.21 0.000 167.704 247.42 106.88
Envreg -1645.436 686.34 -2.40 0.017 -2990.64 -300.228 3.66515
Costshr* -100.4883 147.82 -0.68 0.497 -390.205 189.228 .262879
Pden -21.43486 32.17 -0.67 0.505 -84.487 41.6173 112.875
Hden 51.9535 78.048 0.67 0.506 -101.18 204.925 45.5865
P2r 6.928248 10.384 0.67 0.505 -13.4243 27.2808 172.143
H2r -38.05698 57.051 -0.67 0.505 -149.876 73.7616 29.5736

*dy/dx is for discrete change of dummy variable from 0 to 1

in the 2002 model increases the probability of being
CAFOs by .044.

Hog Supply Equation

The estimated parameters of the 1992 model follow the
study expectations (Table 4a). Although the Pmzhasa
positive sign, it is not statistically significant. Property
taxes have a negative tiny effect to the hog supply
equation. The pollution haven hypothesis is supported
with the 1992 model with a negative sign of Envreg. An
increase in environmental stringency index in a particular
location will lower the number of hogs in that location;
however, it will increase the chances of the presence of
caros. This is not surprising because cAros are the
operations that have new technology, including waste
management plans and facilities.

The predicted hog supply, given the probability of

the presence of CAFOs, is about 32,140 animal units in a

county (Table 4¢). The marginal effects on the hog supply
show that a unit increase in the hog price will increase the
hog supply by 214 animal units. An additional average
farm will increase the hog supply by 207 animal units.

An additional environmental regulations index will
decrease the hog supply in a particular county by 1,645
animal units which is consistent to the pollution haven
hypothesis. Urbanization variables, on average, do not
affect the supply of hogs.

For the 2002 model, the significant parameters are
consistent with the 1992 model results except for the
Envreg. The positive sign of Envreg does not support the
pollution haven hypothesis. Instead, this is evidence of the
Porter Hypothesis that environmental regulations promote
competitiveness (Levinson, Forthcoming). In fact, it
could be the case that environmental costs are measured
and understood; therefore, firms have innovation-
based solutions (Porter and van der Linde, 1995). Since
the federal environmental regulations concerning hog
operations were operational in both 1992 and 2002,°
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it is possible that all caFos have already adopted the 6,860 animal units. The conclusion here is also consistent

appropriate technology in order to meet those regulation with the findings of Weersink and Eveland (2006). They
requirements. In this case, Envreg not only increases the find that “Instead of locating to reduce environmental
probability of being cAFos but also increases the number ~ compliance costs as suggested by the pollution haven

of hogs in the county.” The marginal effects in Table hypothesis, barns are being built largely where the

sc show that, given the probability of the presence of livestock sector is concentrated suggesting the existence
CAFOs, an additional environmental regulations index of agglomeration economies.”

will increase supply of hogs in a particular county by

A
Table 5a. 2002 Selection Model Maximum Likelihood Estimate

Heckman selection model Number of obs = 1320
(regression model with sample selection) Censored obs = 399

Uncensored obs = 921

Wald chi2(7) = 446.70
Log pseudolikelihood=-11868.35 Prob > chi2 = 0.000

Coef. Robust z P>(z) [95% C.I. ]
Std. Err

HOG
Pricel 64.08264 42.02616 1.52 0.127 -18.28712 146.4524
Pmz1 4744.284 1171.88 0.40 0.687 -18328.18 27816.75
Feed1 6678473 1728373 3.86 0.000 .3290924 1.006602
Sub1 1.062579 02998487 3.54 0.000 4748868 1.650272
Pt1 -1138807 .0413708 -2.75 0.006 -194966 -.0327953
Farm 797.6608 91.61118 8.71 0.000 618.1032 977.2154
Envreg 14857.69 2193.031 6.77 0.000 10559.43 19155.95
_cons -176949.9 42515.11 -4.16 0.000 -260278 -93621.81
DCAFO
Envreg 1112601 .0168942 6.59 0.000 .078148 1443722
Costshr -.0260755 .0303527 -0.86 0.390 -.0855657 .0334148
Pt1 8.03e -08 5.38e -07 0.15 0.881 -9.74e -07 1.13e -06
Pden .0141442 .0032763 4.32 0.000 .0077228 .0205656
Hden -.0328132 .007829 -4.19 0.000 -.0481577 -.0174687
P2r -.0053142 .0012991 -4.09 0.000 -.0078603 -.0027681
H2r .0260795 .0071489 3.65 0.000 .012068 .040091
_cons -.6551218 1263364 -5.19 0.000 -9027366 -.4075069
/athrho 2.602695 1599737 16.27 0.000 2.289152 2.916237
/insigma 11.7252 1686766 69.51 0.000 11.3946 12.0558
rho .9890861 .0034728 9796643 9941555
sigma 123648.3 20856.57 88840.34 172094
lambda 122298.8 20862.48 81409.05 163188.5

Wald test of indep. egns. (rho=0): chi(2)=264.70 Prob>chi2=0.000



A

Table 5b. 2002 Marginal Effects on the Probability of Being CAFOs

Marginal effects after Heckman

y = Pr (dcafo) (predict, psel)

=.53465327
Variable dy/dx  Std. Error z P>(z) [95% C.I. ] X
Envreg .0442188 .00669 6.60 0.000 .031097 .057341 7.15985
Costshr -.0103633 .01206 -0.86 0.390 -.03401 .013283 .673485
Pt1 3.19e -08 .00000 0.15 0.881 -3.9e -07 4.5e -07 59004.7
Pden .0056214 .00129 4.35 0.000 .003089 .008154 121.055
Hden -.0130412 .00309 -4.22 0.000 -019092 -.00699 50.4503
P2r -.0021121 .00051 -4.12 0.000 -.003118 -.001106 170.731
H2r .0103649 .00282 3.67 0.000 .004833 .015897 31.0139
*dy/dx is for discrete change of dummy variable from O to 1
A
Table 5¢c. 2002 Marginal Effects on Regression Equation
Marginal effects after Heckman y = E [hog*IPr (dcafo)] (predict, y expected)

= 41199.799
variable dy/dx  Std. Error z P>(z) [95% C.I] X
Pricel 34.262 22.321 1.53 0.125 -9.48727 78.0113 73.1577
Pmz1 2536.547 6273.6 0.40 0.686 -9759.55 14832.6 2.32231
Feed1 .3570668 .08912 4.01 0.000 182396 531737 8717.39
Sub1 5681115 1586 3.58 0.000 257267 .878957 9477.53
Pt1 -.0616687 .02284 -2.70 0.007 -.106439 -.016899 59004.7
Farm 426.472 50.574 8.43 0.000 327.348 525.596 39.9167
Envreg 6860.843 904.3 7.59 0.000 5088.46 8633.23 7.15985
Costshr 253.7866 309.4 0.82 0.412 -352.627 860.2 .673485
Pden -137.6619 58.138 -2.37 0.018 -125.611 -23.713 121.055
Hden 319.3639 13715 2.33 0.020 50.5551 588.173 50.4503
P2r 51.72209 22.897 2.26 0.024 6.84558 96.5986 170.731
H2r -253.8257 117.08 -2.17 0.030 -483.307 -24.3441 31.0139

*dy/dx is for discrete change of dummy variable from 0 to 1
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Conclusion




The transformation of the structure of the US hog industry from the crop-
hog farm to caFos is the result of profit maximization. The expansion of
CAFOs is the result of new technology adoption, production contracts, and
the externalization of costs to society. This study assesses the probability of the
presence of CAFOs in a given county and tests the pollution haven hypothesis

by using county-level data in the 15 most significant hog-producing states.

With the treatment effect selection model in each
period of study, the selection procedure reduces the
chances of an omitted variable bias. In addition, the
selection equations confirm the adoption of caros in
order to determine the supply of hogs. The first-stage
probit model estimates and the selection equation
estimates for both periods are consistent in that the
stringency of environmental regulations increases the
likelihood of confinement hog production.

The observed differences in the pollution haven
hypothesis between the two periods in hog supply
equations have at least two possible interpretations.
First, hog farmers suffer from the environmental
regulations and thus they seek out hog havens;
however, adopting the new technology to meet
environmental requirements is more likely to be current
practice rather than seeking another less stringent area
and exploiting neighbors in a new area. Second, it is
possible that environmental regulations are not fully
implemented, mostly in the areas where local revenue
comes from the farm. This study finds that there
is no evidence regarding the trade-off between the
pollution haven hypothesis and resource abundance.
Therefore, a good explanation for the expansion of hog
production is derived from the conventional idea of
profit maximization. It cannot be denied that for the
first stage of production, operations may seek out hog
havens. Environmental regulations are put into effect
after people suffer and make complaints. In response
to new environmental regulations, hog operations will
then adopt new technologies obtained through the
production contract and/or government supports in
order to meet the new requirements. Environmental
compliance costs favor production in large operations.
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Endnotes (Appendix) ' Hog operations will be called caros when they have
an inventory of more than 1,000 animal units, which

generally is equal to 2,500 head of hogs.

> caFo implies lower transportation costs associated
with input delivery and product pickup. In addition,
large production units imply lower fixed cost per unit
hog herd. Key and McBride (2003) state that cAFos
have lower fixed cost associated with transportation,
screening and search for potential contractees,
negotiation of contracts, and monitoring behavior for

breech of contract.

3 cAFOs have been regulated since 1974 under the Clean
Water Act. Although federal cAFo regulations were
strengthened in 2003, these regulations do not require

control of potential air emissions from caFos.

+ For example, the state of Iowa prohibits the use of spray
irrigation techniques and requires that an extensive
waste-management plan be submitted for state approval
before the operation may begin production (Metcalfe,
2000b). With respect to air quality and the need to
protect people, property, and natural areas from swine
manure odors, some states, (for example, Iowa and North
Carolina) have implemented “separation” or “setback”

provisions (Fleming, 1999).

5 In 1992, there were only 10,770 caFo farms, while the
total number of farms was 141,081 farms or 7.63%.

¢In 2003, EPA announced its plans to regulate the caFos
with more stringent regulations. In addition, since
March 2007, Epa no longer exempts large livestock
farms from the requirement of reporting emissions

of ammonia and various other air pollutants.

7In 2002, there were about 11,333 cAFOs, while the total

number of farms was 52,690 or 21.5%.
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' cAFOs have been regulated since 1974 under the
Clean Water Act. Although caFo regulations were
strengthened in 2003, these regulations do not require
control of potential air emissions from caFos.

> For example, the state of Iowa prohibits the use of spray
irrigation techniques and also requires an extensive waste
management plan to be submitted for state approval
before the operation may begin production (Metcalfe,
2000). With respect to air quality and the need to
protect people, property, and natural areas from swine
manure odors, some states (for example, Iowa and North
Carolina) have turned to “separation” or “setback”

provisions (Fleming, 1999).

3 The (economic) hog cycle refers to the peaks and troughs
in hog inventories over time, while the biological hog
cycle refers to the biological time lags involved in hog
production.

4+ Nonetheless, there may be some overlap in enterprise
type; for example, farrow-to-finish operators may sell
or buy feeder pigs if their feed production is smaller or
larger than their own production needs.

s In the 1980s, the industry began to change, and
nontraditional hog states became important producers
of pigs. North Carolina went from the bottom of the
list of hog producers to second behind Iowa. In addition
to changes in the transportation sector, changes in
technology, disease control, concentration on genetics,
and improved control of feed rations contributed to the

ability of nontraditional hog states to compete.

¢The Consumer Expenditure Survey (cE) collected for
the Bureau of Labor Statistics by the Census Bureau
provides information on the buying habits of American
consumers, including data on their expenditures,
income, and consumer unit (families and single

consumers) characteristics.

7 All definitions of these approaches can be found at
hetp://www.ers.usda.gov/Data/CostsAndReturns/
methods.htm.

8 A unit of weight measurement created by US merchants
in the late 1800s. A hundredweight is equal to exactly
100 pounds.

9 Fixed Costs: Costs that will occur regardless of the level
of production each year. They generally include such
things as depreciation, repairs, taxes, and insurance on
facilities, breeding livestock, and livestock equipment
and facilities. Annual depreciation and other fixed
costs of ownership are assumed to be a percentage
of the original value. Variable Costs: Costs that
vary according to the level of production. Interest is
calculated on feed and other variable costs for one-half
the production period.

1©Starmer, Witterman, and Wise (2006) created an
estimate of the full cost of producing corn and soybeans
and compared it to the price of the crop on local
markets to find the cost-price margin. The authors then
estimated the amount broiler companies save by being
able to purchase feed at a price below production costs.
Unlike the broiler industry, the hog industry utilizes
a different feed mixture. Therefore, the expenditure
saved by being able to purchase feed at a price below
production cost is different from that in the broiler
industry (Starmer and Wise, 2006).

1 See Lobao (2000) and Stofferahn (2006) for a
discussion and analysis of the positive and negative
externalities of hog production.

Since ww1I, the dominant Western capitalist economic
system has shifted from operating on Keynesian demand
side assumptions to the neoclassical assumptions of the
supply side economics that gained ascendancy in the
1980s under the influence of Thatcher in the United
Kingdom and Reagan in the United States. The
operation of the food system is not independent of the
social context, within which it operates. Perception about
costs and how they are allocated are shaped by the social
context. Social policy in any one period of time reflects
the current social context, including the distribution of
power among the members of society. Another factor
in shaping social policy is the historical context within
which it operates.

As a part of the social context, the intellectual
climate shapes the intellectual constructs that
are available for understanding the nature of the
industrialized food system. The process of raising
questions about the nature of industrialized food
production, in and of itself, helps push the limits of
available intellectual constructs that can be used to
identify and deal with the impacts of a globalized,
industrialized food system by encouraging the creation
and identification of additional conceptual frameworks
that can be used to enrich our understanding of the
taxonomy of social and economic systems.



5 The current intellectual climate provides a three-element
taxonomy for economic systems—the communist
system; the socialist system; and the neoclassical
capitalist economic system. On the face of it, those
stark choices must be seen as caricatures that deny
the complexity of the day-to-day operation of the
social and economic system within which we live. In
raising questions about the nature of the industrialized
farm animal production system, this study challenges
conventional wisdom and forces the researchers to
expand the available intellectual constructs that can be
brought to bear in the creation of a food production
system that ultimately serves the biological, social, and
economic needs of a human population that lives within

an interdependent ecological system.

"For instance, in the case of EM (effective microorganism)
technology, the application of these biological agents
only in the pits have been able to lower the numbers for
both ammonia and hydrogen sulfide levels to 3—5 ppm.
When combined with application through a fogging
system, the levels can be brought to zero. However, the
EM technology is relatively expensive in terms of labor
cost and EM cost. For example, a caro with 2,500 heads
generating 550,000 gallons of manure has to apply about
20-26 gallons of EM cost, or about $1,250 per cycle.
However, including the additional labor hours will cost
the producers more. With the fogging system, the cost of
applying EM will be higher.

5 Tim Pringle, PE, is a civil engineer with McGill
Associates, Sevierville, Tennessee. He designs municipal
and industrial wastewater treatment facilities.
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