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Introduction
The broiler industry plays a significant role in the economy of a number of states in the U.S.,
particularly those located in the South. In 2012, almost 33,000 U.S. farms sold nearly 8.5 billion
broilers and other meat-type chickens (USDA Census of Agriculture 2014). This resulted in
nearly 37 billion pounds of product being produced on a ready-to-cook basis, of which
approximately 20% was exported and the remainder consumed in the U.S. at a consumption rate
of 95 pounds per capita (USDA-NASS 2013). Over 2004-2013, total broiler and other chicken
meat produced increased from 34.2 billion pounds to 37.9 billion pounds, of which exports
increased from 5.0 billion pounds to 7.5 billion pounds, and domestic consumption remained
relatively stable, moving from 29.1 billion pounds to 30.5 billion pounds (USDA-NASS 2013).
These figures suggest that the export market has been responsible for the marketing of the
majority of the increased production. The importance of trade in U.S. broiler production suggests
that the industry must continue to remain competitive in the world broiler market, with cost of
production and farm financial performance continuing to be of importance domestically. This
paper addresses the drivers of financial performance of U.S. broiler farms, with implications for
broiler trade.
Broiler production is concentrated in a group of states in the U.S. (Figure 1) primarily in the
South, but also including significant production in California, Delaware and Pennsylvania. The
top broiler states are Georgia, Arkansas, Alabama, Mississippi, and North Carolina.
Nearly all U.S. broiler growers operate under production contracts with large, quasi-vertically
integrated firms that produce feed and handle bird processing (Knoeber 1989; Rogers 2002;
MacDonald 2008). Figure 2 shows the organization of the U.S. broiler industry. A significant
open cash market for broilers has not existed since the 1950s. Under production contracts, broiler
growers do not own the birds; rather they provide the broiler grow-out house, labor, and utilities
required to raise the chicks. The grow-out house and associated equipment can require a
significant investment of $300,000 or more. The house is equipped, by agreement with the
contractor (or integrator), with all necessary heating, cooling, feeding, and watering systems. The
grower provides the labor and clean litter needed for growing the birds and disposes of the used
litter. The contractor supplies the chicks, feed, veterinary services, and transportation to the
processing plant when the broilers are fully grown. The birds and feed are owned by the
contractor who contracts with the grower to feed the birds to market weight. A typical broiler
production contract involves a tournament in which growers are paid by the contractor on the
basis of their productivity relative to the productivity of the other growers in the same group
(Knoeber 1989). Taylor (2004) provides a critical review of the “fairness” of production
contracts. The integrator generally owns the hatchery, feed mills, and slaughter and further
processing plants. The breeding segment is generally either owned by the integrator or contracted
with breeding companies (MacDonald 2008).
The structure of this industry has led to relatively low costs per pound of broiler meat produced,
making the U.S. market particularly competitive on the world broiler market. The resultant high
productivity led to greater exports (MacDonald 2008). However, low-cost countries that have
emerged as broiler producers in recent years, such as Brazil, China, and Thailand, are potential
threats to the U.S. broiler export market (Constance 2008). The U.S. broiler model has been
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exported to a number of countries throughout the world. Various U.S. companies such as Tyson
Foods, Cargill, Inc., and Pilgrim’s Pride have invested in countries in Asia, South America, and
Mexico with operations there (Constance 2008).
The U.S. broiler industry is currently undergoing retrenchment. While the industry’s
organization contributed to commercial success for most of the last two decades, the industry
today faces challenges in the form of volatile feed costs, now in a profitable range with a broiler
to feed ratio of over 5 after almost two years below 5 (Day 2015). Moreover, smaller farms tend
to have significantly older broiler houses, leading to lower operator returns per broiler and
greater reliance on off-farm income. Hence, the industry is shifting toward larger operations
where household income is more closely tied to the broiler enterprise. In addition, two recent
major bankruptcies of integrators (Day 2015) have resulted in a more global business model for
integrators. (See Feedstuffs July, 2014, on the divestiture of Tyson holdings in Mexico and
Feedstuffs, September, 2014, for the trade outlook for broiler meat). At the same time, per capita
domestic consumption appears to be strengthening in recent years with projected 2015
consumption close to the historic high of about 86 pounds per capita in 2006 (The National
Chicken Council 2015).

Figure 1. Broiler production by state number produced, thousand, 2010.
Source. USDA, National Agricultural Statistics Service, Washington DC, 2011.

Factors influencing trade for broiler meat have generally been similar to drivers for other
products. Davis et al. (2014) show that broiler trade was affected by several drivers: exporter and
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importer GDPs and population, distance between countries, whether countries have common
borders and/or languages, whether countries are part of the North American Free Trade
Agreement or the European Union, and exchange rate volatility. Another trade determinant has
been cost of production. Golz and Woo (1991) estimated, for example, that if Canada and
Mexico reduced their production costs by 10%, they would import less broiler meat from the
U.S., and if they reduced their production costs by 20%, they would become net exporters to the
U.S. Clearly, production costs and hence profitability are significant trade flow determinants and
relatively small changes in the cost structure can alter broiler trade. Factors that can alter
competitiveness and thus trade in the relative short run but with potential long-term impacts can
include feed costs, labor costs, demand, disease outbreaks such as avian influenza, others.
Determination of the drivers of financial success (profitability, solvency, and asset efficiency) in
U.S. broiler production is useful in determining competitiveness in broiler trade.
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Figure 2. Structure of the U.S. Broiler Industry
Source. Poultry Science and Technology Guide Extension Poultry Science, North Carolina State University,
Raleigh, North Carolina, 2011.

A country’s agricultural competitiveness in the global market can depend on a number of factors,
which are considered in this study. For example, farm size can impact competitiveness.
MacDonald (2008) shows the cost advantages that are associated with large-scale broiler
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production. Furthermore, production technology is hypothesized to impact competitiveness.
Broiler houses built since 1996 have the capacity for greater control over the environment
(climate controls), and therefore may further impact the financial performance of the broiler
operation. Other issues such as farm diversification, off-farm work, and management may also
impact farm financial performance and, thus, global competitiveness and trade.
The objective of this study is to examine the drivers of financial success in U.S. broiler
production. Specifically, we examine factors influencing broiler farm profitability, decomposing
it into four components including net return on assets, asset efficiency, solvency, and net return
on equity. We analyze the USDA’s Agricultural Resource Management Survey (ARMS) 20032011 Phase III data for broiler farms to estimate a DuPont expansion model. We discuss the
implications of this analysis for U.S. broiler trade.

The DuPont Expansion Model
We use the DuPont expansion model to analyze the economic and financial performance of U.S.
broiler farms. The DuPont Expansion (also commonly known as the DuPont identity, DuPont
equation, DuPont model, or the DuPont method) is a method that breaks return on equity into
three parts: profitability, operating efficiency, and financial leverage. Mishra et al. (2012)
attribute the original DuPont model to F. Donaldson Brown in 1918, who showed that return on
assets was the product of two common financial ratios, one for profitability and the other for
efficiency. This later evolved into the three-part equation used today. The name originated from
the DuPont Corporation, which started using this formula in the 1920s. Based on these three
performance measures, a farm can increase its return on equity by maintaining a high profit
margin, increasing asset turnover, or leveraging assets more efficiently. This approach helps
simplify the farm financial performance analysis and improve decision making concerning
operations and finance (Moss 2013). The DuPont expansion model has been widely used for firm
analysis in corporate finance as well as by university extension personnel for farm business
analysis.
The DuPont expansion focuses primarily on the return on owner’s equity, R/E, where R is net
return and, for farm analysis, E is farm equity. Net return is defined as R = S – C, where S
represents agricultural sales and C represents production costs. Collins (1985) introduced a
variant of the DuPont formulation which has been used in agricultural finance applications
(Melvin et al. 2004, Mishra et al. 2012, Moss 2013). The DuPont identity decomposes return on
equity into profitability, asset turnover, and leveraging decisions as: Return on Equity =
Operating Profit Margin × Asset Turnover × Solvency. The equation used to analyze the
relationship between the rate of return on equity, asset efficiency, profitability, and solvency, is
shown as (Mishra et al. 2009):
(1)
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where A is the value of farm assets. Thus, with the DuPont expansion, return on equity is the
product of farm profitability using the operating profit margin ratio �RS� �RS�, farm asset efficiency
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using the asset turnover ratio �AS � �AS �, and farm solvency (or in our case inverse solvency) using
the inverse of the equity/asset ratio �AE� �AE�.

In cases where the farm is debt-free, the rate of return on equity equals the farm’s rate of return
on assets �AR� �AR�. However, if there is interest to be paid on debt, it must be subtracted from net
farm income R. Furthermore, in these cases when the farm has debt, assets > equity. As measures
of profitability, higher rates of return on equity and higher operating profit margin ratios are
preferred.
Asset efficiency measures how quickly the farm’s gross revenue covers the capital invested in
farm assets. In other words, with a farm asset ratio of 0.25, it would take four years for the farm
to realize gross revenue that would cover the investment in assets. A higher asset turnover ratio
is desirable since this indicates shorter time to cover investment costs.
Solvency provides a measure of whether farm liabilities can be covered by selling farm assets.
The equity/asset ratio is a measure of solvency that indicates owner equity capital as a portion of
total farm assets. In the DuPont expansion as we present, a measure of inverse solvency is
analyzed. More information regarding these measures of profitability, asset efficiency, and
solvency can be found in the literature (Kay et al. 2012).
Previous authors (Mishra et al. 2009) show that the DuPont expansion is linear in logs, as in (2):
(2)
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In accordance with this relationship, determinants of farm financial performance can be analyzed
using seemingly unrelated regression (SUR) where a separate equation is estimated for the
farm’s return on equity, operating profit margin ratio, asset turnover ratio, and equity/asset ratio.
These measures, thus, serve as the dependent variables in a system that takes into consideration
the correlation of the error terms. SUR was also deemed appropriate since the Breusch-Pagan
test showed correlation of the cross-equation error terms. Because ln �RE� ln �RE� is the sum of
R
S
R
S
A
A
ln � � , ln � � , ln � � , ln � �, and ln � � ln � � , the former may be dropped from the system due to
S
A
S
A
E
E
summing-up conditions, as in Mishra et al. (2012).
Data
To analyze farm financial performance in U.S. broiler production, we use 2003-2011 Phase III
ARMS and 2006 and 2011 ARMS broiler cost of production survey data. The ARMS is
conducted annually by the USDA’s National Agricultural Statistics Service and Economic
Research Service. The Phase III data include whole-farm costs and returns for a sample of U.S.
farms along with information on farm size, type, structure, and farm and household
characteristics. Only a limited number of farms in the Phase III data produce broilers. Every
year, several farm enterprises are selected for more in-depth surveying, with questions
addressing costs and returns specifically for the enterprise of interest, the use of technologies and
management practices for that enterprise, and other questions of interest specifically for the
enterprise. Broiler cost of production surveys were conducted in 2006 and 2011, resulting in
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1,561 and 1,444 usable responses in each year, respectively. For the Phase III ARMS surveys
conducted during 2003-2011, a total of 8,892 observations included broilers. Because the ARMS
is a design-based survey that uses stratified sampling, weights or expansion factors are included
for each observation to extend the results to the U.S. farm population. In the case of the broiler
cost of production surveys, the data can be expanded to represent the largest U.S. broiler states,
representing 90% of U.S. broiler production. We use the 2006 and 2011 ARMS broiler surveys
to examine the impact of farm and farmer characteristics on the use of new versus old broiler
housing technology and the 2003-2011 ARMS Phase III data to provide a longer-term view of
the drivers of broiler farm financial performance.
Equations to Be Estimated
The three equations estimated using SUR include the following:
(3)
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(Appalachia, Corn Belt, Delta, Northeast, Southern Plains, Age, Spouse Off-Farm, Operator OffFarm, Acres Operated, Chicks Sold, Proportion Broilers, New Technology, Heat Index, Region
× THI, Region × Chicks Sold)
These factors are hypothesized to impact U.S. broiler farm asset efficiency, profitability, and
solvency, and thus the competitiveness of U.S. broiler production within the world market.
In our model, we control for the impact of region on broiler farm asset efficiency, profitability,
and solvency by including six regions: Appalachia including Kentucky, North Carolina,
Tennessee, and Virginia; Corn Belt including Missouri; Delta including Arkansas, Louisiana,
and Mississippi; Northeast including Delaware, Maryland, and Pennsylvania; Southeast
including Alabama, Georgia, and South Carolina; and Southern Plains including Oklahoma and
Texas. There were relatively few California firms in the data; they were included with the
Southern Plains farms. These 17 states, representing 90% of the value of U.S. broiler production,
were included in the 2006 and 2011 ARMS broiler cost of production survey and are the only
states we include in our DuPont SUR model.
Operator demographic variables included in each of the three equations include operator Age,
predicted spouse hours per year working off the farm (Spouse Off-Farm), and predicted operator
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hours per year working off the farm (Operator Off-Farm). Previous studies have shown that
operator age significantly influences farm financial performance. For instance, asset efficiency
was lower among older U.S. farmers (Mishra et al. 2012) and older dairy farmers operated less
profitable farms than younger ones (Gillespie et al. 2009).
Spouse Off-Farm and Operator Off-Farm are included to examine the impacts of off-farm work
on broiler farm financial performance. Appendix Table 1 shows that operators and their spouses
worked off farm on average 283 and 361 hours per year, respectively, over the period. Since offfarm employment can be endogenously determined with farm financial variables, the Hausman
(1978) test was used to test for endogeneity in each of the three SUR equations. Endogeneity was
found, so instrumental variables were substituted into the model for these two variables.
Ordinary least squares estimates of the predicted values for these variables were then included in
the SUR model (Appendix Table 3). Independent variables included in the Spouse Off-Farm
model were farm net worth, government payments received by the farm, household size, accrued
interest, off-farm interest income, population accessibility of the farm, value of livestock
production under contract, farm operator household assets, adjusted wage rates in the area where
the farm is located, and owned acres operated. Thus, these variables served as instruments for
Spouse Off-Farm. Independent variables for Operator Off-Farm were the same as for Spouse
Off-Farm except that Age, a household well-being dummy variable indicating that the household
was above the median value of well-being, and total animal units on the farm were also included,
while adjusted wage rates in the area and owned acres operated were not included. Thus, these
variables, with the exception of Age, which is also included in the DuPont SUR equations, served
as instruments for the Operator Off-Farm variable.
For the Spouse Off-Farm regression equation, all but three coefficients were significant at P <
0.10. For the Operator Off-Farm regression equation, all but two variables were significant at P
< 0.10. With many significant drivers, it was determined that the predicted values could be used
in the SUR model. Specification of these equations was heavily influenced by previous work
(Gillespie and Mishra 2011; Nehring et al. 2014), who used similar specifications for
instrumental variables for Spouse Off-Farm and Operator Off-Farm. It is expected that off-farm
work increases financial resources available to the farm, thus potentially increasing solvency, but
it may also divert management resources from the farm, which could negatively impact farm
financial performance.
Variables used for farm size include Acres Operated and Broilers Sold. Both were specified as
their natural logs, so their interpretation is similar to that of an elasticity. Acres Operated
measures the total number of operated acres, serving as a measure of the size of the total farm
operation, including acres in crops, pasture, and woodland. Broilers Sold serves as a measure of
the size of the broiler enterprise. Farm size was found to increase the asset efficiency of U.S.
cow-calf farms (Nehring et al. 2014) and to impact both profitability and asset efficiency of U.S.
farms (Mishra et al. 2012). Appendix Table 1 shows that Acres Operated averaged 199 for U.S.
broiler farms, ranging from 161 in the Northeast to 284 in the Corn Belt. The number of Broilers
Sold averaged 467,400 for the U.S., ranging from 297,386 in the Northeast to 634,259 in the
Corn Belt.
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Proportion Broilers, defined as the value of broiler production divided by the value of total farm
production, is a measure of specialization in broiler farming. Earlier studies have found that farm
diversification (the opposite of specialization) impacted farm asset efficiency, profitability, and
solvency (Mishra et al. 2012). Specialization in beef production was found to reduce the asset
efficiency of U.S. cow-calf farms (Nehring et al. 2014). The expected impact of specialization
would depend upon whether managerial gains can be expected from specialization or whether
significant scope economies exist in the production of broilers along with other farm enterprises.
Appendix Table 1 shows that the Proportion Broilers averaged 95% and ranged from 88% in the
Northeast to 98% in the Southeast, showing a relatively large specialization in broilers.
The impact of technology on farm financial performance has been extensively addressed in the
agricultural economics literature. Technology that improves productivity can be expected to
improve long-run farm profitability and asset efficiency. It can also impact solvency if debt
financing is used to purchase the technology. Technology is an important productivity driver,
and increased productivity is a major factor that has influenced the increase in U.S. broiler
exports (MacDonald 2008). We define new technology housing as housing that was built after
1996. New broiler housing technologies that have become more common since the mid-1990s
include tunnel ventilation and evaporative cooling cells (MacDonald 2008). MacDonald states
that houses constructed prior to 1995 (about 40% of housing capacity) are less likely to include
these technologies and other modern technologies such as computer warning systems. Tunnel
ventilation systems consist of large fans at one end of a broiler house and air inlets at the other
end. Fans pull air through the house, removing heat and creating a wind chill for cooling.
Evaporative cooling systems located near the air inlets can be activated for further cooling in a
tunnel-ventilated house. Cooling pads, moistened by fogging nozzles, lower the air temperature
as it is pulled through the pads and the house. About 75% of broiler houses had cooling cells and
tunnel ventilation in 2006 (MacDonald 2008). While some houses built prior to 1996 have been
retrofitted with new technology, those houses tend to be smaller and often do not include other
new technologies.
As discussed earlier, we used the 2003-2011 ARMS Phase III data for the DuPont SUR.
However, those surveys did not query broiler farmers as to the vintage of their houses. The 2006
and 2011 Phase III broiler cost of production surveys, however, did query growers as to housing
vintage. Thus, we used the 2006 and 2011 Phase III broiler cost of production survey data to
estimate a probit model to determine the probability that a broiler farmer owned broiler houses
constructed after 1996. This probit model includes as independent variables dummy variables for
the regions, the total number of chicks placed, total cash wages paid to labor, total reported
depreciation for machinery, Age, whether the operator worked off-farm, the operator’s education
level, the debt-asset ratio, whether the household’s well-being index was higher than the median
value for all broiler farms, and a trend variable that was coded as 2006=0 and 2011=5. We then
used the predicted values of the probit model to estimate the probability that an operation of
specific characteristics used old or new technology and included these predicted values in the
DuPont model. Since we expect that from 2003 to 2011, the adoption rate would have increased,
a trend variable is used to adjust probabilities of adoption in the DuPont model year, with 2003
coded as -3, 2004 as -2, …, to 2011 as 5. As seen in Appendix Table 4, 10 of the 14 independent
variables were significant at P ≤ 0.10 and the percentage correctly predicted was 68.1%.
Furthermore, because growers self-select into a technology, i.e. more productive growers are
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more likely adopt more productive technology, we correct for self-selection bias by estimating an
inverse Mills ratio from the probit model to be included in the DuPont model equations.
ARMS 2011 survey indicates that there were over 70,000 broiler houses in use for meat
production. Their age structure follows a hump-shaped pattern (Figure 3), with nearly two-thirds
of capacity built in the 20 years between 1986 and 2006. Investment dropped sharply after 2006,
as considerably less capacity was built in the 5 year period from 2006 through 2011 than in any
of the four previous 5-year periods 1986-1990, 1991-1995, 1996 -2000, and 2001-2006.
Figure 4 provides a map of the temperature-humidity index (THI) for the U.S. The THI is a
measure that combines relative humidity and ambient temperature and can be used to examine
the impact of heat stress on animal agricultural production (West 2003). As can be seen, the
highest levels of heat stress in the U.S. are experienced in some of the broiler producing regions
of the southeastern U.S. Researchers have suggested that management procedures to mitigate
heat stress improved broiler feed conversion and lowered mortality without affecting body
weight (St. Pierre et al. 2003, Yalcin et al. 2001). Heat stress is another factor with potential
productivity, and thus export, implications.
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Figure 3. Boiler housing capacity by year of construction.
Source. 2011 Agricultural Resource Management Survey, Version 4.
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Figure 4. Heat Index Map, U.S.
Source. Prism data group and GIS/ERS calculations.

In the SUR models, independent variables were crossed with regional variables to determine
whether an interaction would impact financial performance. If any one of the β estimates was
substantively larger than its standard error for any of the regional crosses, all of the regional
crosses for that variable were included in the model. This is similar to the method Nehring et al.
(2014) used to select regional crosses for their DuPont cow-calf model. As a result, regional
cross effects with THI and Broilers Sold were included in the solvency equation. The regional
cross effects with THI could be important if managerial and technological response to a higher
THI differed by region, impacting financial performance. Furthermore, differential farm size
impacts on farm financial performance by region are investigated with the Broilers Sold regional
crosses.

Results
Table 1 (see Appendix) shows the means for variables used in this study by region and for the
whole U.S. The results indicate that inverse solvency averaged 1.26, ranging from 1.15 in the
Northeast to 1.41 in the Southern Plains. This suggests that, on average for U.S. broiler farms,
the value of total assets was 26% higher than the equity, or conversely the more commonly-used
measure for solvency using the equity/asset ratio would be the inverse, 0.79. Profitability
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measured as net return over sales averaged 32.4%, ranging from 22.3% in the Corn Belt to
37.1% in the Southeast. Asset efficiency measured as sales over assets averaged 22.3%, ranging
from 18.5% in the Northeast to 25.4% in the Corn Belt. Finally, return on equity averaged 9.1%,
ranging from 6.2% in the Northeast to 10.5% in the Appalachia and Delta regions. Note that
there are many reasons why these whole-farm measures of financial performance may vary by
region including production conditions, average farm size, diversification and the other
enterprises into which the farms are diversified, and others.
The regional main effects shown in Table 2 (see Appendix) are generally consistent with the
Appendix Table 1 results. Relative to the Southeast, farms in the Southern Plains, Delta, and
Corn Belt regions were less solvent and farms in Appalachia were more solvent. These results
are consistent with the debt-asset ratios by region reported in Appendix Table 1. Relative to the
Southeast, Delta and Southern Plains farms were more profitable and Corn Belt farms were less
profitable. Regional variables will be further discussed as we discuss results of the other
independent variables in the model. Overall, while important, region did not appear to be the
most important driver in this analysis, as opposed to results for cow-calf operations (Nehring et
al. 2014), where regional main effects showed significance and many of the regional crosses
were also significant. We believe this reflects the more homogeneous general nature of broiler
farms relative to cow-calf farms by region, where broiler housing has enabled producers to more
effectively control the production environment of broilers. Also, broiler farms have a more
homogeneous farm structure by region in terms of (1) enterprise specialization (note Proportion
Broilers in Appendix Table 1), (2) farm size (note Broilers Sold and Acres Operated, both of
which do not differ greatly by region), and (3) the impact of a limited number of integrators who
have partial control over the grow-out phase.
Age was significant in two of the equations. Similar to results for cow-calf operations (Nehring et
al. 2014), farms with older producers were more profitable, which can likely be attributed to
greater experience. On the other hand, contrary to expectations, older producers were less
solvent, suggesting that as they aged they took on more debt relative to equity. Though
unexpected, it is not uncommon for older producers to take on additional debt to retrofit older
housing or to expand their operations, particularly if there is a younger family member who is
also involved in the operation.
On farms where the spouse worked off-farm, both profitability and asset efficiency were lower.
Spouses likely provide significant unpaid labor and management to the operation that is not
included in the operational costs. When the spouse works off-farm, that contribution is lost,
explaining the lower levels of profitability and efficiency. The asset efficiency result differs from
previous studies of U.S. farms (Mishra et al. 2012) and for cow-calf farms (Nehring et al. 2014).
Operator off-farm work positively impacted farm profitability, suggesting that as with cow-calf
farming (Nehring et al. 2014), operator off-farm work is complementary with broiler production.
This is supported by results from a previous study which found that farmers who worked more
hours off the farm were more likely to choose broilers as a farm enterprise (Gillespie and Mishra
2011). On the other hand, operators who worked more hours off the farm were more likely to
experience lower asset efficiency, similar to the spousal off-farm work result. It appears that
while there are differential impacts of spousal and operator off-farm work on farm profitability,
off-farm employment among broiler households is consistently associated with lower farm asset
efficiency.
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Farm size was measured in two ways, first as Acres Operated, with farms operating more acres
having lower asset efficiency and higher solvency. Producers with greater acreage tended to hold
less debt relative to equity, but also sold less relative to their asset base. On the other hand,
producers who sold more broilers experienced greater profitability, had higher asset efficiency,
and were more solvent, suggesting that, as expected, significant economies of size exist in the
broiler industry. Furthermore, since the coefficient on Broilers Sold was significant in all three
equations, we can calculate the impact of broilers sold on return on equity by summing its three
parameter estimates in the SUR equation: 0.5427. This suggests that larger-scale broiler
operators had higher return on equity than smaller ones. From a trade perspective, these results
suggest that as broiler production continues to expand internationally, the larger-scale U.S.
broiler operations will be those that drive U.S. competitiveness. Though regional crosses on
Broilers Sold were included in the asset efficiency equation because the Northeastern cross was
“close” to significant, none of the crosses were significant at P ≤ 0.10.
Proportion Broilers was significant in all three equations, suggesting that farms that are more
specialized in broiler production were less profitable, had lower asset efficiency, and were less
solvent. This suggests that though broiler farms tend to be highly specialized – regional averages
in Appendix Table 1 show that Proportion Broilers ranges from 0.88 to 0.98 – more diversified
farms tended to experience better financial performance. Since Proportion Broilers was
significant in all three equations, we calculate its impact on return on equity by summing its
three SUR parameter estimates: -2.7239. This suggests that more specialized broiler farms had
lower return on equity than more diversified ones. From a trade perspective, these results do not
suggest a need for U.S. farms to further specialize in broiler production in order to remain
competitive in the global market. The result for asset efficiency is consistent with that found for
cow-calf production (Nehring et al. 2014).
Farms with newer broiler houses tended to experience lower profitability, lower asset efficiency,
and lower solvency. The solvency result is not surprising given the greater debt most farms with
newer housing would be expected to hold. Furthermore, the profitability result is plausible
considering that farms with new equipment are likely to continue to depreciate their assets on
their tax returns, thus reducing net farm income. If newer housing, however, is expected to
improve production efficiency, then we would initially expect asset efficiency to be higher for
operations with new housing. However, it is likely that the value of the older assets is lower than
that of the new assets. Therefore, having older buildings reduces the denominator of the asset
efficiency measure at a greater amount than the sales numerator is reduced. Since the coefficient
on New Technology was significant in all three equations, we calculate its impact on return on
equity by summing its three SUR parameter estimates: -2.3660. This suggests that new
technology operations had lower return on equity than older technology operations. We urge
caution in reading too much into these results, as newer housing using the older technology
would also have likely led to similar signs, with higher debt, higher-valued assets, and greater
depreciation. These results may tell us more about the impact of holding new assets in general
than about a specific technology. Note that the inverse Mills ratios were significant at P ≤ 0.01
for both the profitability and efficiency equations, indicating that self-selection bias was present
in the adoption of new technology and it was corrected for in the analysis.
Higher Temperature-Humidity Indexes were associated with greater asset efficiency and
solvency, indicating that producers have adapted to heat stress through improved management. It
would be of interest to examine the impact of heat stress on broilers from an international
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perspective to gain understanding of the interactions between technology use, heat stress, and
global competitiveness. Of further interest would be to examine the impact of temperature and
humidity on enterprises where the environment is less controlled than with broilers, such as
cattle. Key and Sneeringer (2014) analyzed the impact of heat stress on dairy farm productivity.
The lower asset efficiency of farms experiencing greater heat stress in the Delta region relative
to the Southeast suggests differential impacts of heat stress by region.

Conclusions
Results of this study suggest the main drivers of higher return on equity in U.S. broiler
production to be farm size, diversification, and housing vintage, where larger, more diversified
farms using older housing experienced greater profitability, asset efficiency, solvency, and return
on equity. Regional differences were found among farms, with the DuPont model comparing
farm financial performance of the five ERS regions with the Southeast, the largest broiler
production region. Some significant differences were found, most notably with solvency and
followed by profitability, with Corn Belt and Southern Plains farms having lower profit and
being less solvent than Southeast farms. Overall, however, the differences are not large, with the
exception of the lower profitability and solvency measures in the Corn Belt. We believe that
bigger differences in financial performance would have been found in agricultural industries that
do not control the production environment to the extent of that in broilers, with climate
controlled housing. The fact that the THI had the opposite-than-expected impact on financial
performance is indicative of the role of management and control of the production environment
in broiler production.
Another characteristic of broiler farms that has impacted farm financial performance has been
off-farm income. The percentage of income from off-farm sources ranged from 11% in the Corn
Belt to 27% in the Southern Plains, with many operators and spouses working significant
numbers of hours off the farm. The negative impacts of Spouse Off-Farm on both profitability
and asset efficiency likely tell us something about the opportunity cost of spousal labor off the
farm. Specifically, for spousal off-farm work to lead to greater household income, the additional
income from off-farm employment must exceed the reduced farm income associated with the
loss of unpaid spousal labor and management on the farm. On the other hand, operator off-farm
work appears to be complementary with broiler production. This result is consistent with
previous work on cow-calf operations (Nehring et al. 2014). Further work on the reasons for this
complementarity in production would be of interest.
A significant contribution of this study is that it provides industry benchmark information that
producers and agricultural lenders can use as baseline information from which to compare their
farms. From an agricultural trade perspective, industry production competitiveness is of primary
importance. The U.S. has long been competitive in the world broiler market]. Continued
attention to production competitiveness will be important as broiler production becomes more
competitive in other countries. Results of our study suggest that the most competitive broiler
farms in the U.S. are larger-scale and, interestingly, more diversified into other farm enterprises.
Production region impacts competitiveness and the southeastern portion of the U.S. appears to
have held the competitive edge during the 2003-2011 period. These are factors that will need to
be considered as the broiler industry continues to strive to remain competitive in a global broiler
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market. From a trade perspective, our results suggest that as low-cost, vertically integrated
broiler production continues to expand globally into developing countries (as discussed by
Constance, 2008), larger-scale, diversified farms in the U.S. Southeast will have the advantage in
competing in the global market.
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10.9
7.6

% of U.S. Broiler Farms

% of Value of U.S. Broiler Production

413
321
161

Operator Off-farm Hours

Spouse Off-farm Hours

Acres Operated

Southeast

2.8

2.2

305
33.6

31.5

21.1
21.9

2,863

1,857

79
7.0
4.0
135
25.8
8,995
16.4

THI Index

Household Net Ret on Assets

Farm Net Return on Assets

Harvested Acres

% Household Income Off-Farm

Land Price ($/acre)

Debt-Asset Ratio

285

94

634,259

284

206

276

50.3

169

335

97

519,078

460,386
91

183

362

296

54.2

209

321

247

52.7

23.1

3,738

3,494
22.8

20.7

54

124
18.0

6.5

8.7

6.7

9.5

34.5

1,982

21.3

52

4.8

7.8

553

98

457,951

202

407

245

53.3

24.4

26.4

2,483

Delta

22.3

29.2
18.5
6.2

DuPont Profitability (R/S)

DuPont Efficiency (S/A)

DuPont Return on Equity (S/E)

7.3

25.4

1.29

1.15

DuPont Inverse Solvency (A/E)

10.5

25.1

33.9

1.23

9.9

21.7

37.1

1.23

30.0
24.7
10.4

21.9
10.5

9.1

22.3

32.4

1.26

25.7

35.0
1.41

3,413

21.2

78

5.7

8.5

370

95

476,400

199

361

283

53.5

100.0

100.0

8,892

Whole U.S.

1,638

27.4

45

5.8

10.2

823

96

615,065

256

404

272

53.3

9.7

7.9

880

Southern Plains

27.4

1.39

Means of DuPont Farm Financial Performance Measures by Region

27.8

2,023

11.4

115

4.4

7.0

Means of Other Variables of Interest by Region

88

Proportion Broilers

297,386

54.6

Age

Broilers sold

Appalachia

General Statistics by Region

Corn Belt

Means of DuPont Independent Variables by Region

504

Northeast

Number of Observations

Item

Table 1. Means of Variables of Interest by Region and Whole U.S.
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Table 1. Means of Variables of Interest by Region and Whole U.S.
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Constant
Appalachia
Corn Belt
Delta
Northeast
Southern Plains
Age
Predicted Spouse Off-Farm
Predicted Operator Off-Farm
Acres Operated
Broilers Sold
Proportion Broilers
New Technology
THI
Inverse Mills Ratio
Appalachia × THI
Corn Belt × THI
Delta × THI
Northeast × THI
Southern Plains × THI
Appalachia × Chicks Sold
Corn Belt × Chicks Sold
Delta × Chicks Sold
Northeast × Chicks Sold
Southern Plains × Chicks Sold
Adjusted R-Square

Independent Variables

0.1751

Profitability (R/S)
β
Standard
Error
-3.0437 *
1.6380
-0.0281
0.1052
-0.3988 **
0.1982
0.1690 *
0.0969
-0.0803
0.1552
-0.3744 **
0.1557
0.0559 ***
0.0131
-0.0012 ***
0.0002
0.0064 ***
0.0012
-0.0310
0.0357
0.0829
0.3868 ***
-0.9925 **
0.4031
0.3754
-3.6289 ***
0.0002
0.0002
-1.1655 ***
0.1755

Efficiency (S/A)
β
Standard
Error
-1.2418 **
0.5298
0.1348
0.6671
0.4074
0.8217
0.4921
0.5322
-0.9917
0.7640
0.3692
0.9253
0.0032
0.0024
-0.0004 ***
0.0002
-0.0004 ***
8.5E-5
-0.1548 ***
0.0142
0.2654 ***
0.0372
-1.9765 ***
0.1612
-1.1472 ***
0.1476
0.0003 **
0.0001
-1.00071 ***
0.0757
0.0001
0.0003
-0.0001
0.0003
-0.0004 ***
0.0002
0.0007
0.0015
-0.0001
0.0002
0.0004
0.0503
0.0111
0.0628
-0.0105
0.0403
0.0734
0.0623
0.0211
0.0698
0.2547

Table 2. Results of the DuPont seemingly Unrelated Regression Model

0.5104

Inverse Solvency (A/E)
β
Standard
Error
-0.0406
0.2475
-0.0682 ***
0.0206
0.4599 ***
0.0455
0.0973 ***
0.0191
0.0120
0.0360
0.1817 ***
0.0474
0.0017
0.0118 ***
0.0001
0.0001
0.0001
0.0001
-0.0431 ***
0.0080
-0.1095 ***
0.0275
0.2451 ***
0.0853
2.4101 ***
0.1499
-0.0001 *
4.3E-5
0.0409
0.0341
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Table 2. Results of the DuPont Seemingly Unrelated Regression Model

 2015 International Food and Agribusiness Management Association (IFAMA). All rights reserved.

77

Nehring et al.

Volume18 Special Issue A, 2015

Table 3. Results of Probit Model, 1=Housing Constructed Since 1996; 0=Housing Constructed
Before 1996
Independent Variables
Constant
Appalachia
Corn Belt
Delta
Northeast
Southern Plains
Chicks Placed
Cash Wages
Depreciation on Machinery
Age
Operator Holds Off-Farm Job
Operator Education
Debt-Asset Ratio
Household Well-Being
Above Median Level
Trend

β
0.3494
-0.0276
-0.3896
-0.1060
-0.0309
-0.1233
0.0024
-0.0018
0.0006
-0.0219
-0.0014
-0.0288
0.9042
0.0714

***

***
***
***
***
***
***
**

Standard Error
0.2322
0.0553
0.1513
0.0736
0.1319
0.1585
0.0006
0.0005
0.0002
0.0033
0.0007
0.0239
0.1916
0.0342

0.0726 ***

0.0109

Table 4. Results from the Operator and Spouse Off-Farm Employment Hours Regressions
Independent Variables
Constant
Farm Net Worth
Government Payments
Household Size
Accrued Interest
Off-Farm Interest Income
Population Accessibility
Value Livestock Production
under Contract
Household Assets
Adjusted Wage Rates in Area
Acres Operated
Age
Household Well-Being Above
Median
Total Animal Units

Spouse Off-Farm
Operator Off-Farm
β
Standard Error
β
Standard Error
-136.03
166.54
1116.72 ***
159.08
-2.21
2.60
2.52
2.30
0.46
0.96
-2.58 ***
0.87
64.52 ***
5.23
14.95 ***
5.15
2.07 **
0.92
1.56 *
0.87
2.90 ***
0.85
2.75 ***
0.77
-60.60 ***
11.60
29.67 ***
10.46
-18.73 ***
6.18
-42.11 ***
5.84
58.61 ***
15.23 ***
-2.99

12.45
0.71
4.19

-10.37

11.47

-9.77 ***
50.51 ***

0.69
7.18

3.90 ***

1.13

 2015 International Food and Agribusiness Management Association (IFAMA). All rights reserved.

78

