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Abstract
We estimate the values of bull phenotypic traits, performance measurements, and expected progeny
differences (EPDs) over time using bull sale data from an auction in Tennessee from 2006 to 2016.
Moreover, we determine how a state partial-cost reimbursement program for bulls with certain EPDs
affects bull sale price. Purebred seed stock producers in this region should focus on selling large, fast-
growing, mature bulls that produce lighter calves for reduced calving stress. The state cost-share payment
did not significantly increase bull prices in most years, meaning this payment was retained by cow-calf
producers in most years.
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1. Introduction
Purchasing bulls for a cow-calf producer is a complex management decision that has major
implications for the profitability of the herd in the short and long run. In a given year, a single
bull’s genetic makeup influences many calves sold from a herd, making it critical to select bulls
that will produce cost-competitive and high-quality calves. Feedlots typically desire to purchase
feeder cattle that have higher average daily gain, lower feed-to-gain ratios, higher dressing per-
centage, and superior carcass quality because these characteristics increase the profitability of cat-
tle during the feedlot phase (Jones et al., 2008; Lewis et al., 2016; Mark, Schroeder, and Jones, 2000;
Tang et al., 2017). In the long run, a single bull’s genetics could also affect the herd through heifer
calves retained to replace culled cows. Therefore, an individual bull can influence the overall
genetic makeup of the herd to a greater degree than individual cows (Wagner et al., 1985).

Bulls are sold using a variety of market structures. One common method is an auction market,
meaning buyers bid on the bull based on publicly available information about each bull. This
information commonly includes phenotypic traits such as age, birth weight, and breed, as well
as performance measurements such as average daily gain, weaning weight, and yearling weight.
In recent years, the information about relative expected performance of calves from a sire,
commonly referred to as expected progeny differences (EPDs), has become routinely available.
EPDs are estimates of how a bull or cow’s future progeny (offspring) will perform, on average, for
a given trait. EPDs are calculated for a number of traits such as birth weight, calving ease,
weaning weight, yearling weight, and carcass quality, which is helpful in selecting cattle for
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specific traits. Producers’ willingness to pay for a bull will vary based on its EPDs, phenotypic
traits, performance measurements, and, ultimately, how the bull fits within a producers’ breeding
program and herd.

Several studies have sought to examine the impact of EPDs on the price of bulls. Dhuyvetter
et al. (1996) collected data on 26 purebred beef bull sales in Kansas during 1993. They found that,
depending on the breed, certain EPDs were associated with bull price changes and that many
phenotypic traits and performance measurements also affected bull prices. Chvosta, Rucker,
and Watts (2001) used data from 1982 to 1997 for bulls sold in Montana and data from 1986
to 1996 regarding bulls sold in Nebraska and South Dakota. They found that phenotypic traits
were more valuable to producers than EPD information. Jones et al. (2008) analyzed data collected
over a 4-month period from purebred Angus bull sales located across the Midwest and Northwest
United States. They found that both EPDs and phenotypic traits significantly affected sales price.
Interestingly, they noted birth weight EPD as one of the most valued by producers. Vestal et al.
(2013) used a stated preference and revealed preference study to determine how EPDs affected
bull sale prices. Bull sale data from three Oklahoma Beef Inc. performance-tested bull sales in
2009–2010 were used in their revealed preference study. EPDs influenced bull purchaser decisions
in both the revealed and stated preference studies. Brimlow and Doyle (2014) evaluated the value
of phenotypic and EPD information for bulls sold in Nevada. EPD information produced the
greatest change in bull prices.

These studies are insightful about the impact of various traits on bull prices, but these studies
are focused on bull sales in the western United States. Little is known about cow-calf producers’
values for bull traits in the Southeast United States, which is primarily cow-calf production
(McBride and Mathews, 2011) and accounts for 41% of all U.S. cows (U.S. Department of
Agriculture, National Agricultural Statistic Service, 2018). Therefore, analyzing bull sale data
to determine the value of these traits by Southeast U.S. cow-calf producers would provide unique
insight into regional differences in bull trait values.

Furthermore, early studies show producers’ value of EPD measurements was small relative to
phenotypic traits and performance measurements (Chvosta, Rucker, and Watts, 2001; Dhuyvetter
et al., 1996; Irsik et al., 2008). This might be attributable to the lack of knowledge and confidence
in using EPD information in their bull purchasing decision (Jones et al., 2008). More recent
studies indicate that EPD information is becoming more important in determining bull sale price
(Bacon, Cunningham, and Franken, 2017; Brimlow and Doyle, 2014; Jones et al., 2008; Kessler,
Pendell, and Enns, 2017; McDonald et al., 2010). Although these studies are useful to understand
the change in producers’ values of EPDs over time, the question of whether producers value EPD
measurements for bulls differently today than they did in the past remains unanswered.

Additionally, some states such as Tennessee and Kentucky have recently implemented partial
cost-share programs that reimburse producers for the purchase of breeding livestock that meet a
specific EPD profile. The purpose of these programs is to encourage producers to purchase bulls
that will improve the genetics of the herd, value of the calf, and livestock sector in the state.
However, little is known about the impact of these programs on the price of bulls. Ifft, Wu, and
Kuethe (2014) evaluated how subsidies affect the price of items sold in agricultural auctions and
found that eligibility of subsidized pasture insurance increased the price of pasture. Similar research
is needed on how a partial-cost reimbursement program for bulls could affect the value of bulls sold.

The objective of this study is to estimate Southeast U.S. cow-calf producers’ value of phenotypic
traits, performance measurements, and EPDs over time. We also explore how a partial-cost
reimbursement program for bulls sold in Tennessee affects the price of the bull. A hedonic pricing
model was estimated using 11 years of bull sale data (2006–2016) from a public first-price auction
in Tennessee. The results will be used to educate purebred seed stock providers on the economic
value of individual bull selection criteria and to inform state policy makers about how the partial-
cost reimbursement program influences bull prices, which will help them assess the program
effectiveness.
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2. Empirical model
A hedonic pricing model was specified to estimate the impact of phenotypic traits, performance
measurements, and EPDs on bull sale price over time, which follows the modeling approach of
previous studies (Bekkerman, Brester, and McDonald, 2013; Brimlow and Doyle, 2014; Chvosta,
Rucker, and Watts, 2001; Dhuyvetter et al., 1996; Jones et al., 2008; Kessler, Pendell, and Enns,
2017; McDonald et al., 2010; Vanek, Watts, and Brester, 2008; Vestal et al., 2013). Hedonic pricing
models have been used to determine the influence of characteristics over time (Blank, Saitone, and
Sexton, 2016; Hanson, Sherrick, and Kuethe, 2018; Zimmerman et al. 2012). Zimmerman et al.
(2012) and Blank, Saitone, and Sexton (2016) evaluated the change in characteristics of calves over
time by estimating annual hedonic pricing models. Similarly, Hanson, Sherrick, and Kuethe
(2018) followed this approach by estimating annual hedonic pricing models for land values.

We follow this same approach by estimating a separate hedonic pricing model for each year of
data, which is generally expressed as

Pi � β0 �
X

J
j�1

βjXij � δ1CR� εi; (1)

where Pi is the sale price for the bull i ($/head); Xij represents the jth (j= 1, : : : ,J) bull phenotypic
trait, performance measurement, or EPD variables; CR is an indicator variable that is equal to 1 if
the bull was eligible for the partial-cost reimbursement program for bull genetics and 0 otherwise;
β’s and δ’s are parameters to be estimated; and εi is the error term. Equation (1) is estimated for
each year from 2006 to 2016.

3. Bull sale overview
Performance-tested bulls at the University of Tennessee Bull Testing Station are sold annually in
January and March at the Middle Tennessee AgResearch and Education Center in Spring Hill,
Tennessee (University of Tennessee, Department of Animal Science, 2017). This performance test
program and sale started in 1970 to educate bull developers on breeding programs, create a market
for performance-tested bulls, and improve beef cattle herd quality across the state. Each year,
breeders deliver their bulls to the test station in August (for bulls sold in January) and
November (for bulls sold in March) of the year preceding the sale. The bulls are allowed a 2-week
adjustment period. After this period, they are weighed and started on an 84-day gain test where
bulls are fed a 12% crude protein commercial bull development ration. The January sale is
exclusively for senior bulls (born between September 1 and December 15), and the March sale
is exclusively for the junior bulls (born between December 16 and March 15). Bulls are then sold
in a public first-price auction without a reserve price.

At the end of the test period, each bull is weighed and measured for many phenotypic traits.
These measurements include hip height, frame score, sale weight, and average daily gain. This
information is given along with pretest information such as birth weight and weaning weight.
The catalog also includes EPDs and ultrasound data such as fat thickness, rib-eye area, and
intramuscular fat. In 2017, bulls sold through this sale also had genomic-enhanced EPD informa-
tion available, which combined EPD information with DNA information on the animal. These
genomic enhanced EPDs are more accurate than traditional EPDs but are not being used widely
among seed stock producers. Future research should investigate how these genomic-enhanced
EPDs are valued relative to traditional EPDs.

The Tennessee Department of Agriculture (TDA) offers partial-cost reimbursement for bulls
through the Tennessee Agricultural Enhancement Program (TAEP) for bull genetics (TDA, 2017).
Bulls that meet EPD requirements are eligible for a $1,200 per purchased bull payment to subsi-
dize the cost. The purchasers of the bulls eligible for the TAEP payment assistance are required to
complete an application that can be submitted online or via mail. The EPD requirements change
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annually and are suggested by an advisory committee to TDA. Boyer et al. (2018) provide more
about the qualification standards for TAEP and how bulls sold through this sale have previously
qualified for this program.

4. Estimation and data
Multicollinearity is a common problem in hedonic pricing models (Brimlow and Doyle, 2014;
Kessler, Pendell, and Enns, 2017; Vanek, Watts and Brester, 2008). To ensure multicollinearity
was not an issue in this analysis, we started by estimating Pearson correlation coefficients for all
the available EPD information. As anticipated, birth weight EPD and calving ease direct EPD
had a correlation coefficient of −0.7, and weaning weight EPD and yearling weight EPD had a
correlation of 0.86. A common acceptable approach to address the strong correlation among
independent variables is to drop one of the correlated variables. However, in this case, we would
have to have dropped two EPD measurements from the analysis. Brimlow and Doyle (2014)
suggested another approach to keep EPD information in hedonic pricing models while remov-
ing multicollinearity by creating a new independent variable that is the difference of yearling
weight EPD and birth weight EPD. Following Brimlow and Doyle (2014), we created “projected
growth EPD” by taking the difference between birth weight EPD and weaning weight EPD. We
elected to use weaning weight EPD in our measurement because most cow-calf producers in the
Southeast United States market calves at weaning and do not retain ownership to finishing
(Tang et al., 2017). Projected growth EPD was not correlated with calving ease direct EPD;
therefore, calving ease direct EPD remained in the model. Using the approach of Brimlow
and Doyle (2014), we addressed the correlation problem by only dropping one EPD variable.
The only phenotypic traits that were correlated were age and weight (Pearson correlation coef-
ficient was 0.71). We dropped age from the analysis because weight is an approximation of age.
We tested the final model for multicollinearity using the variance inflation factor
(Wooldridge, 2013).

Heteroskedasticity is also a common problem for estimating cattle hedonic pricing models
(Jones et al., 2008; Kessler, Pendell, and Enns, 2017; Mitchell, Peel, and Brorsen, 2018). The
White test will be used to determine if heteroscedasticity is present across all independent var-
iables and years (Wooldridge, 2013). Consistent with previous research, heteroskedasticity was
also detected in the data across the independent variables, and we corrected it using feasible
generalized least squares (FGLS) regression (Jones et al., 2008; Kessler, Pendell, and Enns,
2017; Mitchell, Peel, and Brorsen, 2018). The FGLS approach corrects for heteroskedasticity
by reweighting the variance to discount the presence of outliers (Wooldridge, 2013).

Table 1 provides an explanation of the variables included in this study, and Table 2 provides
the summary statistics for these variables. Sale data for this study span from 2006 to 2016.
Because only a small percentage of the bulls sold during this time period were breeds other than
Angus, we only considered the Angus breed in analysis. Many of the bulls were missing carcass
weight EPDs, marbling EPDs, rib-eye area EPDs, and fat thickness EPDs, as well as ultrasound
data on fat thickness, rib-eye area, and intramuscular fat. Studies repeatedly show that buyers
rarely place a value on carcass EPDs and ultrasound data of bulls (Vestal et al., 2013). Bull sale
catalogs can contain an overwhelming amount of information about a single bull, and it is likely
that cow-calf producers view this information as excessive for sire selections. Therefore, we do
not consider these data in this analysis. It might be interesting for future research to examine if
bull purchasers experience an excessive choice effect when selecting sires (Arunachalam et al.,
2009). Figure 1 shows the average price paid for a bull sold from the University of Tennessee
Bull Testing Station during 2006–2016. Table 3 shows the average traits of the bulls sold
in the University of Tennessee Bull Testing Station during 2006–2016 by year. This will
provide some insight into the supply response of purebred seed stock producers to cow-calf
producers’ demand.

Journal of Agricultural and Applied Economics 307



Sale price of the bulls was nonnormal with positive skewness. Therefore, we specify a log-level
model by taking the log of sale price, correcting the nonnormality issue (Wooldridge, 2013).
Parameter estimates can be converted to a dollars change in the dependent variable with a
one-unit change in the independent variable of interest by multiplying the parameter estimates
by the average predicted selling price of the bulls in the sample (Wooldridge, 2013). This conver-
sion would give a marginal effect of a change in the independent variable at the average price. For
some bull traits, a one-unit change in the independent variable would be unlikely. These marginal
effects at the average price were converted into realistic unit changes for each variable of interest.
For example, frame score would likely change by units of 0.1. Marginal effects of a change in frame
score on the average price were calculated for a 0.1 change in frame score. The models were esti-
mated using the REG procedure in SAS 9.2 (SAS Institute, 2003).

Table 2. Summary statistics of dependent and independent variables used in the hedonic price model for bulls sold in
Tennessee from 2006 to 2016

Variable
Expected

Sign
Number of
Observations Mean

Standard
Deviation Minimum Maximum

P ($/head) 1,098 2,790 1,146 700 8,250

Projected growth EPD (lb.) � 1,089 49.15 8.64 −2.06 78.50

Calving ease direct EPD (%) �/− 1,072 5.51 3.87 −11.00 59

Milk EPD (lb.) �/− 1,092 25.24 5.78 0.26 85

Average daily gain (lb./day) � 1,097 4.57 0.56 3.07 6.39

Weight (lb.) � 1,097 1,367 145.86 951 1,790

Frame score �/− 1,098 6.05 0.58 5.00 7.80

Cost reimbursement eligiblea � 1,098 0.76 0.43 0 1

Note: EPD, expected progeny difference.
aEquals 1 if the bull is eligible for Tennessee Agricultural Enhancement Program cost-share payment, and 0 otherwise.

Table 1. Description of the dependent and independent variables used in the hedonic price model for bulls sold in
Tennessee from 2006 to 2016

Variable Description

Sale price Price of bull sold

Projected growth
EPD

The difference between the weaning EPD and birth EPD in pounds, which is a proxy for
projected growth rate of the calves sired by a bull.

Calving ease direct
EPD

Predicts the average differences in percentages in ease with which a sire’s calves will be
born when bred to first calf heifers. Higher values indicate greater calving ease.

Milk EPD Predictor of the differences in average weaning weight of a sire’s daughter progeny
attributable to milking ability.

Average daily gain Average daily gains during 84-day gain test (pounds)

Weight Weight at sale (pounds)

Frame score Hip height (inches) at 365 days converted to frame size or body type on a 1–9 scale,
where 1 is extremely small and 9 is extremely large and late maturing.

Cost reimbursement
eligible

Equals 1 if the bull is eligible for Tennessee Agricultural Enhancement Program
cost-share payment, and 0 otherwise.

Note: EPD, expected progeny difference.
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5. Expected signs of coefficients
The expected sign of the parameter to be estimated is also shown in Table 2. Studies have shown
that an increase in birth weight EPD decreases the price of bulls, but an increase in weaning weight
EPD increases the price of the bull (Brimlow and Doyle, 2014; Jones et al., 2008; Vestal et al.,
2013). Producers desire lower birth weights for calving ease but heavier weaning weights to pro-
duce higher revenue. A larger difference between birth weight and weaning weight EPD would
mean the projected growth EPD would increase. This could be interpreted as producers desiring
faster-growing calves from birth to weaning. It is anticipated that a larger difference between these
EPD measurements would increase the bull price. The expected sign for the parameter of pro-
jected growth EPD is positive, which is consistent with what Brimlow and Doyle (2014) observed
for the difference between yearling weight and birth weight EPD (Table 2).

The expected sign for calving ease direct EPD and milk EPD parameter estimates is unknown
(Table 2). Calving ease direct EPD has never been analyzed in previous studies but is highly
indirectly correlated with birth weight EPD. That is, an increase in calving ease direct EPD

Table 3. Average values of bull traits sold in Tennessee from 2006 to 2016 by year

Projected
Growth
EPD (lb.)

Calving
Ease Direct
EPD (%)

Milk
EPD (lb.)

Average
Daily Gain

(lb.)
Weight
(100 lb.)

Frame
Score (0.1)

Cost
Reimbursement

Eligiblea

2006 41.43 4.73 22.66 4.42 1,383 6.21 0.71

2007 42.27 5.22 22.22 4.24 1,355 6.19 0.56

2008 45.33 5.71 24.04 4.32 1,379 6.11 0.62

2009 48.83 5.89 24.47 4.84 1,404 6.02 0.12

2010 48.75 5.62 25.47 4.85 1,429 6.39 0.76

2011 50.94 5.72 25.40 4.85 1,366 6.26 0.99

2012 49.86 6.00 26.79 4.57 1,306 6.02 0.93

2013 52.54 5.42 28.38 4.66 1,355 5.90 0.98

2014 54.11 5.49 28.44 4.51 1,346 5.85 0.97

2015 58.96 4.46 25.18 4.80 1,359 5.85 0.99

2016 54.28 6.28 24.91 4.39 1,378 5.59 0.94

Note: EPD, expected progeny difference.
aEquals 1 if the bull is eligible for Tennessee Agricultural Enhancement Program cost-share payment, and 0 otherwise.

Figure 1. Average price paid (per head) for a
bull sold in the University of Tennessee Bull
Testing Station sale from 2006 to 2016 by year
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indicates a lower birth weight EPD. Producers selecting sires to be exclusively used on virgin
heifers will desire a bull with a higher calving ease direct EPD. On the other hand, producers
selecting sires for mating mature cows will likely tolerate higher birth weights to increase weaning
weights, which would mean they prefer bulls with a lower calving east direct EPD. An increase in
milk EPD has been reported to increase bull sale price (Jones et al., 2008; Vestal et al., 2013);
however, Kessler, Pendell, and Enns (2017) found the converse. Higher milk EPD can mean
the cow could produce heavier calves at weaning but will naturally have a higher nutritional
demand and feed cost. Lower milk EPD could indicate the cow might produce lighter calves at
weaning but will have a lower feed requirement and cost. One topic for future research might
be to consider the unobserved heterogeneity among cow-calf producers when estimating a hedonic
pricing model for bulls. This might be helpful in explaining the mixed findings for milk EPD.

For the phenotypic and performance measurements, studies have reported that an increase in
average daily gain and the sale weight of the bull both increase the sale price (Brimlow and Doyle,
2014; Kessler, Pendell, and Enns, 2017) (Table 2). Therefore, we anticipate the expected sign of
these parameter estimates to be positive. The expected impact of frame score is unclear because
studies commonly find these traits to be insignificant in price determination of a bull (Kessler,
Pendell, and Enns, 2017; Vestal et al., 2013) (Table 2). However, this variable is interesting to
include in the model because frame score is a selection indicator for mature body size
(Kessler, Pendell, and Enns, 2017).

Finally, partial-cost reimbursement eligibility was postulated to have a positive impact on bull
sale prices (Table 2). This is based on what Ifft, Wu, and Kuethe (2014) found for pasture land
values that were eligible for subsidized pasture insurance. This is a unique variable to include in a
price determination model for livestock.

6. Results
Parameter estimates for the annual hedonic pricing model are shown in Table 4. Across all the
years, the total number of observations was 1,070, and the annual number of observations ranged
from 65 to 119 bulls. The R-squared values were calculated following Wooldridge (2013) and
ranged from 0.62 to 0.83. The number of observations and R-squared values were similar to what
Hanson, Sherrick, and Kuethe (2018) reported for their annual land price hedonic pricing model.
The variance inflation factor ranged from 1.05 to 2.26, indicating that multicollinearity was not an
issue in any of the years (Wooldridge, 2013). Table 4 reports the parameter estimates for the FGLS
regression.

In years for which projected growth EPD was significant, the parameter estimates were positive
as expected, and a 1-pound change in this EPD increased the average bull price from $21 per
head in 2015 to $53 per head 2010 (Table 5). Likewise, Brimlow and Doyle (2014) reported that
a 1-pound increase in the difference between yearling weight and birth weight EPD resulted in the
average bull price increasing by $19 per head. Although the marginal effects do not indicate a
trend in producers’ value on average price over time, the parameter estimates for projected growth
EPD have been significant since 2010, which suggests that this information may have become
more relevant to producers over time.

A 1% change in calving ease direct EPD increased the average price of bulls from $36 per head
in 2012 to $119 per head in 2008 (Table 5). Calving ease direct EPD was the only EPD measure-
ment that significantly affected price in every year of this study; however, the marginal effect val-
ues were inconsistent over time. Reporting a positive value for this EPD is a unique contribution to
the literature because this EPD has never been included in previous studies. However, this finding
is not unexpected as studies have reported lower birth weight EPD to increase the price of bulls
(Brimlow and Doyle, 2014; Jones et al., 2008; Vestal et al., 2013) and birth weight EPD and calving
ease direct EPD are inversely correlated. Positive signs for projected growth EPD and calving ease
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Table 4. Parameter estimates for hedonic pricing model of bull traits on sale price by year

Variable 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Intercept 5.284*** 2.225*** 2.383*** 3.140*** 4.549*** 5.252*** 4.418*** 4.313*** 5.169*** 4.854*** 4.086***

Projected growth EPD 0.004 0.012*** 0.015*** 0.005 0.019*** 0.008*** 0.009*** 0.009*** 0.012*** 0.008*** 0.008**

Calving ease direct EPD 0.038*** 0.028*** 0.043*** 0.026*** 0.032*** 0.025*** 0.013*** 0.036*** 0.032*** 0.033*** 0.015***

Milk EPD −0.005 0.013** 0.013** 0.016*** 0.004 0.005 −0.003 0.007 0.003 0.006 0.006

Average daily gain −0.018 0.446*** 0.251*** 0.010 0.147*** 0.071** 0.141*** 0.079** 0.061** 0.132** 0.154***

Weight 0.001*** 0.001*** 0.001*** 0.001*** 0.001** 0.001*** 0.001*** 0.001*** 0.001*** 0.001** 0.001**

Frame score 0.190*** 0.283*** 0.242*** 0.350*** 0.137*** 0.136*** 0.139*** 0.089*** 0.113*** 0.160*** 0.151***

Cost reimbursement eligible 0.160*** 0.039 0.014 −0.033 −0.030 −0.073 0.022 0.116 0.077 0.335*** 0.013

Observations 101 119 110 103 81 89 119 114 98 71 65

R2 0.69 0.75 0.69 0.68 0.62 0.63 0.68 0.67 0.73 0.77 0.83

Notes: Asterisks (***, **) denote significance at the 0.01 and 0.05 levels, respectively. EPD, expected progeny difference.
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direct EPD suggest that Southeast U.S. cow-calf producers value bulls that produce lighter calves at
birth, reducing calving stress.

A 1-pound change in milk EPD resulted in an increase in the average price of bulls in 3 out of
the 11 years of this study period. In the years this information affected prices, the change in the
average price of bulls increased from $35 per head in 2008 to $46 per head in 2009 with a 1-pound
change in milk EPD (Table 5). However, since 2010, this EPD measurement has not significantly
affected the average price of bulls. Milk EPD information appears to have become less valuable to
producers over time. This finding might be helpful in explaining why previous studies have found
conflicting results for milk EPD (Jones et al., 2008; Kessler, Pendell, and Enns, 2017; Vestal
et al., 2013).

For the performance and phenotypic variables, average daily gain, sale weight, and frame score
were positively related to sale price, which was the hypothesized sign for these parameters. These
results imply that cow-calf producers value larger bulls more than smaller and bulls that can gain
weight faster. An increase in average daily gain by 1 pound resulted in the average bull price in-
creasing from $171 per head in 2014 to $1,244 per head in 2007 (Table 5). Since 2010, average
daily gain has significantly affected the price of bulls sold, showing a consistent positive value to
bulls’ growth during the test period.

Sale weight and frame score were significant in all 11 years of the data, but the influence of a
change in sale weight and frame score on the average price of a bull appeared to vary by year. In
2013, a change in sale weight affected the average sale price the most ($371 per head), but it was
also the year producers valued a change in the frame score the least ($25 per head) (Table 5).
Overall, purebred seed stock producers should expect to receive a higher price for their larger
and more mature bulls, which is consistent with findings from previous studies (Brimlow and
Doyle, 2014; Kessler, Pendell, and Enns, 2017).

Finally, the TAEP partial-cost reimbursement payment was found to increase the price of bulls
in 2006 by $447 per head and in 2015 by $935 per head (Table 5). In all other years of this study,
the TAEP partial-cost reimbursement program did not significantly affect the price of bulls. This
implies that the majority of the $1,200 TAEP partial-cost reimbursement payment was retained by
cow-calf producers and not passed along to purebred seed stock producers in the form of higher

Table 5. Marginal effect of bull traits on average sale ($/head) price by year

Projected
Growth
EPD (lb.)

Calving
Ease Direct
EPD (%)

Milk
EPD (lb.)

Average
Daily

Gain (lb.)
Weight
(100 lb.)

Frame
Score (0.1)

Cost
Reimbursement

Eligible

2006 12 106*** −14 −49 245*** 53*** 447***

2007 33*** 78*** 36** 1,244*** 134*** 79*** 107

2008 43*** 119*** 35** 701*** 269*** 68*** 40

2009 15 72*** 46*** 29 271*** 98*** 91

2010 53*** 89*** 11 411*** 97** 38*** 84

2011 22*** 69*** 14 197** 198*** 38*** 204

2012 26*** 36*** −8 394*** 335*** 39*** 60

2013 25*** 100*** 21 220** 371*** 25*** 323

2014 33*** 88*** 8 171** 205*** 31*** 214

2015 21*** 93*** 17 369** 185** 45*** 935***

2016 23** 42*** 18 428*** 341*** 42*** 38

Notes: Marginal effects were calculated by multiplying the coefficient by the average predicted selling price of the bulls in the sample
(Wooldridge, 2013). Asterisks (***, **) denote significance at the 0.01 and 0.05 levels, respectively. EPD, expected progeny difference.
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bull prices. This is slightly different from what Ifft, Wu, and Kuethe (2014) observed for
pastureland values sold that were eligible for subsidies. The two years when the TAEP payment
increased bull prices were the first year of the cost reimbursement payment for bull genetics
through TAEP (2006) and when cattle prices were historically high (2015). Looking at the bull
prices in Figure 1, bulls prices were highest in 2015, which might be because the value of calves
was historically high. This result suggests that in periods of high commodity prices, these cost-
share payments could be increasing farm input items sold in auctions, such as land and livestock.

Other farm inputs in Tennessee, such as fences, barns, and pens, are also eligible for partial-cost
reimbursement within the TAEP. However, many of these other eligible inputs are sold in a
posted-price market. An interesting topic for future research would be to determine the impact
of these cost-share programs on farm inputs in various market structures.

7. Conclusion
This research elucidates producers’ value for phenotypic traits, performance measurements, and
EPD measurements over time using 11 years of bull sale data from a public first-price auction in
Tennessee. Several studies have evaluated how producers value these traits and measurements, but
this article builds on these studies by evaluating values over time. Additionally, we demonstrate
how a cost reimbursement program for high-quality bulls affects the sale price of bulls.

Calving ease direct EPD, sale weight, and frame score were the only traits that significantly
affected the price of bulls in every year of this study. Furthermore, an increase in these traits
resulted in a higher bull price on average. This suggests that cow-calf producers in this region
value large, mature bulls that produce lighter calves that are easier on calving. Projected growth
EPD and average daily gain increased the sale price of bulls in every year but 2006 and 2009. Milk
EPD significantly affected the price of bulls from 2007 to 2009 but since then has not been a factor
in bull price determination. Finally, the bulls eligible for the partial cost-share reimbursement
program increased bull price in 2 of the 11 years analyzed.

Overall, purebred seed stock producers should focus on producing large, fast-growth, mature
bulls that produce lighter calves, which reduces calving stress. Policy makers in Tennessee can use
these result to evaluate the effectiveness of the TAEP. The TAEP payment increased bull prices in
two years of this study. This finding suggests that cow-calf producers in Tennessee retain this
payment more frequently than it is passed along to purebred seed stock producers. We realize
that these results are limited to one bull sale in the state of Tennessee and may not be representa-
tive of all the bulls sold in Tennessee. Furthermore, the estimated value of the TAEP cost
reimbursement payment might be causing the value of EPDs to be underestimated because
TAEP qualification depends on EPD values. A larger data set over a greater period of time would
allow us to address these shortcomings and test changes in parameter estimates over time.

Author ORCIDs. Christopher N. Boyer 0000-0002-1393-8589

Acknowledgements. We thank the leadership and staff at the University of Tennessee Research and Education Center in
Spring Hill, Tennessee, for field research support.

Financial support. This research is also supported by U.S. Department of Agriculture, Cooperative State Research, Education,
and Extension Service through Tennessee Hatch Project TEN00442.

References
Arunachalam, B., S.R. Henneberry, J.L. Lusk, and F.B. Norwood. “An Empirical Investigation into the Excessive-Choice

Effect.” American Journal of Agricultural Economics 91, 3(2009):810–25.
Bacon, K.J., S. Cunningham, and J.R. Franken. “Valuing Herd Bull Characteristics Evidence from Illinois Auction Data.”

Journal of American Society of Farm Managers and Rural Appraisers 2017(2017):70–76.

Journal of Agricultural and Applied Economics 313

https://orcid.org/0000-0002-1393-8589


Bekkerman, A., G.W. Brester, and T.J. McDonald. “A Semiparametric Approach to Analyzing Differentiated Agricultural
Products.” Journal of Agricultural and Applied Economics 45, 1(2013):79–94.

Blank, S.C., T.L. Saitone, and R.J. Sexton. “Calf and Yearling Prices in the Western United States: Spatial, Quality, and
Temporal Factors in Satellite Video Auctions.” Journal of Agricultural and Resource Economics 41, 3(2016):458–80.

Boyer, C.N., A.P. Griffith, J. Rhinehart, and D. Kirkpatrick. Bull Qualification for Tennessee Agricultural Enhancement
Program through the University of Tennessee Bull Testing Sale. Knoxville: University of Tennessee Institute of
Agriculture, University of Tennessee Extension Publication W 655, 2018.

Brimlow, J.N., and S.P. Doyle. “What Do Buyers Value WhenMaking Herd Sire Purchases? An Analysis of the Premiums Paid
for Genetic and Phenotypic Differences at a Bull Consignment Auction.” Western Economic Forum 2014(Fall 2014):1–10.

Chvosta, J., R.R. Rucker, and M.J. Watts. 2001. “Transaction Costs and Cattle Marketing: The Information Content of
Seller-Provided Presale Data at Bull Auctions.” American Journal of Agricultural Economics 83, 2(2001):286–301.

Dhuyvetter, K.C., T.C. Schroeder, D.D. Simms, R.P. Bolze, Jr., and J. Geske. “Determinants of Purebred Beef Bull Price
Differentials.” Journal of Agricultural and Resource Economics 21, 2(1996):396–410.

Hanson, E.D., B.J. Sherrick, and T.H. Kuethe. “The Changing Roles of Urban Influence and Agricultural Productivity in
Farmland Price Determination.” Land Economics 94, 2(2018):199–205.

Ifft, J., S. Wu, and T. Kuethe. “The Impact of Pasture Insurance on Farmland Values.” Agricultural and Resource Economics
Review 43, 3(2014):390–405.

Irsik, M., A. House, M. Shuffitt, and J. Shearer. “Factors Affecting the Sale Price of Bulls Consigned to a Graded Sale.” Bovine
Practitioner 42, 1(2008):10–16.

Jones, R., T. Turner, K.C. Dhuyvetter, and T.L. Marsh. “Estimating the Economic Value of Specific Characteristics
Associated with Angus Bulls Sold at Auction.” Journal of Agricultural and Applied Economics 40, 1(2008):315–33.

Kessler, B.A., D.L. Pendell, and R.M. Enns. “Hedonic Prices of Yearling Bulls: Estimating the Value of Pulmonary Arterial
Pressure Score.” Professional Animal Scientist 33, 1(2017):113–19.

Lewis, K.E., A.P. Griffith, C.N. Boyer, and J. Rhinehart. “Does Pre-partum Supplemental Feed Impact Beef Cattle
Profitability through Finishing?” Journal of Agricultural and Applied Economics 48, 2(2016):173–91.

Mark, D.R., T.C. Schroeder, and R. Jones. “Identifying Economic Risk in Cattle Feeding.” Journal of Agribusiness
18, 3(2000):331–44.

McBride, W.D., and K. Mathews, Jr. The Diverse Structure and Organization of U.S. Beef Cow-Calf Farms. Washington, DC:
U.S. Department of Agriculture, Economic Research Service, Economic Information Bulletin No. 73, 2011.

McDonald, T.J., G.W. Brester, A. Bekkerman, and J.A. Paterson. “Case Study: Searching for the Ultimate Cow:
The Economic Value of Residual Feed Intake at Bull Sales.” Professional Animal Scientist 26, 6(2010):655–60.

Mitchell, J.L., D.S. Peel, and B.W. Brorsen. “Price Determinants of Bred Cows.” Journal of Agricultural and Applied
Economics 50, 1(2018):64–80.

SAS Institute. SAS OnlineDoc 9.2. Cary, NC: SAS Institute, 2003.
Tang, M., K.E. Lewis, D.M. Lambert, A.P. Griffith, and C.N. Boyer. “Identifying Factors that Impact Returns to Retained

Ownership of Cattle.” Journal of Agricultural and Applied Economics 49, 4(2017):571–91.
Tennessee Department of Agriculture (TDA). “Genetics: Cattle.” Internet site: https://www.tn.gov/agriculture/farms/taep/

producer/genetics/cattle.html (Accessed February 23, 2017).
University of Tennessee, Department of Animal Science. “Bull Testing Program.” Internet site: https://ag.tennessee.edu/

AnimalScience/Pages/BullTestProgram.aspx (Accessed December 2017).
U.S. Department of Agriculture, National Agricultural Statistics Service. “Quick Stats.” Internet site: http://quickstats.nass.

usda.gov (Accessed September 2018).
Vanek, J., M.J. Watts, and G.W. Brester. “Carcass Quality and Genetic Selection in the Beef Industry.” Journal of Agricultural

and Resource Economics 33, 3(2008):349–63.
Vestal, M.K., J.L. Lusk, E.A. DeVuyst, and J.R. Kropp. “The Value of Genetic Information to Livestock Buyers: A Combined

Revealed, Stated Preference Approach.” Agricultural Economics 44, 3(2013):337–47.
Wagner, W., J. Gibb, J. Farmer, and D. Strohbehn. Understanding and Using Sire Summaries. Manhattan: Kansas State

University, Kansas Beef Cattle Handbook No. GPE-8154, 1985.
Wooldridge, J.M. Introductory Econometrics: A Modern Approach. 5th ed. Mason, OH: South-Western/Cengage, 2013.
Zimmerman, L.C., T.C. Schroeder, K.C. Dhuyvetter, K.C. Olson, G.L. Stokka, J.T. Seeger, and D.M. Grotelueschen. “The

Effect of Value-Added Management on Calf Prices at Superior Livestock Auction Video Markets.” Journal of Agricultural
and Resource Economics 37, 1(2012):128–43.

Cite this article: Boyer CN, Campbell K, Griffith AP, DeLong KL, Rhinehart J, and Kirkpatrick D (2019). Price Determinants
of Performance-Tested Bulls over Time. Journal of Agricultural and Applied Economics 51, 304–314. https://doi.org/10.1017/
aae.2019.3

314 Christopher N. Boyer et al.

https://www.tn.gov/agriculture/farms/taep/producer/genetics/cattle.html
https://www.tn.gov/agriculture/farms/taep/producer/genetics/cattle.html
https://ag.tennessee.edu/AnimalScience/Pages/BullTestProgram.aspx
https://ag.tennessee.edu/AnimalScience/Pages/BullTestProgram.aspx
http://quickstats.nass.usda.gov
http://quickstats.nass.usda.gov
https://doi.org/10.1017/aae.2019.3
https://doi.org/10.1017/aae.2019.3

	Price Determinants of Performance-Tested Bulls over Time
	1.. Introduction
	2.. Empirical model
	3.. Bull sale overview
	4.. Estimation and data
	5.. Expected signs of coefficients
	6.. Results
	7.. Conclusion
	References


