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Abstract

Electronic animal identification systems are becoming more common in livestock auction
markets because of increased numbers of cattle being electronically identified. More cattle are
being individually identified because of increasing enrollment in marketing alliances and
verification programs. Also, the National Animal Identification System (NAIS) has increased
awareness and perhaps use of electronic identification. In this study, individual characteristics of
livestock markets were analyzed to determine how they relate to a livestock market operator’s
views, concerns, and knowledge of the NAIS as well as adoption of RFID reading equipment.
Investments in RFID tagging services and RFID reading equipment by livestock markets were
estimated and price premiums associated with RFID tagged and preconditioned cattle were
estimated. Data were from a national survey of livestock auction markets and cattle transaction
data were obtained from three Kansas livestock markets.

Auction markets that indicated they currently plan to add a RFID tagging service are
likely to have more knowledge of the NAIS program standards, how to adopt the NAIS
practices, and the probable costs involved. Managers of facilities that sell a large volume of
livestock annually tend to have a higher level of understanding of how to adopt the NAIS
practices and be more knowledgeable of the NAIS standards than operators of small-volume
facilities. Managers of markets that have operating RFID reader systems tend to be more
understanding of how to adopt the NAIS practices and of costs associated with adopting the
NAIS. Livestock market managers tend to be highly concerned that adoption of individual
animal identification systems will adversely impact sale speed and tend to view the NAIS as a
threat to their business. Large-volume facilities, facilities that have registered their premises, and
facilities that plan to add a RFID tagging service are more likely to adopt RFID reader systems.
Economies of scale exist in RFID system adoption and RFID tagging services for auction
markets. Preconditioned and RFID tagged cattle brought a significant premium at only one of

three facilities where data were collected.
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CHAPTER 1 - Introduction

There is growing interest in adopting electronic animal identification services at livestock
markets. The National Animal Identification System (NAIS) has provided broad recognition of
the need for, and supplied momentum for development of, premises registration and associated
animal identification systems. Furthermore, specialized marketing programs that target beef
products to particular customer markets, especially export trade, are increasingly requiring
individual animal identification.

Livestock markets are a major center for cattle trade, as 66% of feeder cattle sales,
occurring in the top 15 cow-calf producing states, occurs through local auction markets
(Schmitz, Moss, and Schmitz; 2003). For disease tracing and control reasons, animal
identification systems become especially important at the time cattle are marketed. When an
animal leaves its farm or ranch of origin is when individual identification and movement
information is electronically recorded. Because of the high percentage of cattle marketed
through livestock markets, electronic individual animal identification scanning will be an
important addition at auction facilities.

Some livestock auction markets have already adopted premises identification, tag reading
and recording, and animal tracking information systems. Others are considering adoption and
investigating potential costs and benefits of such a system and related services. Auction markets
have substantial economic incentive to provide a package of marketing services to attract a large,
loyal customer base of both buyers and sellers. All livestock auctions provide the primary
service of bringing sellers and buyers together in a central location to discover prices for
individual transactions in a public auction. One way auction markets might differentiate
themselves is by offering additional services, such as a package of animal identification and

tracking services.

1.1 The National Animal Identification System

The NALIS is a voluntary (at the federal level) state - federal - industry partnership that
plans to help producers protect their investment and health of livestock in the case of an animal

disease outbreak (NAIS — A User Guide, 2006). The NAIS is an animal tracing system



composed of three components: 1) premises registration, 2) animal identification, and 3) animal
tracing. To facilitate the ultimate goal of establishing a system that can provide complete trace
back information within 48 hours of detecting a disease, commercial livestock owners need to
participate in all three levels of the program. Currently, USDA’s primary efforts with regard to
the NAIS program are focused on premises registration. The animal identification component is
available for some species and in development for other species; animal tracing is in progress for

all species (NAIS, 2007).

1.1.1 Premises Registration

Premises registration (where the location of livestock operations are assigned a nationally
unique Premises Identification Number [PIN]) is the primary building block of the NAIS
program. Without knowing the premises where animals have been, efficacy of conducting a
disease trace back process is limited, at best. Premises registration has been an ongoing activity
for the past couple of years. As of September 17, 2007, 417,312 premises (approximately 29%)
of the 1.4 million livestock operations in the United States were registered with NAIS (NAIS,
2007). Currently, premises registration is being used to inform owners/caretakers of animal
disease outbreaks that may present a risk to them. In the future, premises registration
information, in conjunction with individual animal identification numbers, will be used to record

animal movements in private/state administered animal tracking databases.

1.1.2 Animal Ildentification

Animal identification is especially important for disease control programs when animals
from multiple premises/locations come into contact or are commingled. These locations could
include ranches or concentration points such as livestock markets. In these situations, the risk of
disease transfer is an important concern. There are two broad options of livestock identification,
either individual animal or group/lot identification. Group/lot identification is designed for
animals typically raised as one group that travel through the production chain as a single group.
An example would be a group of hogs that move from farrowing, to growing, to finishing, and to
harvest as a unit going through each phase without commingling with other animals.

When commingling with other animals during the production or marketing processes is
common, as it is with cattle, individual animal identification is necessary for successful animal

tracking. The NAIS, when individual identification is warranted, identifies animals with a



unique 15-digit number that remains with the animal throughout its lifetime. An analogy often
used is that this animal ID number is comparable to a person’s social security number (i.e., it is
unique and stays with the animal throughout its life). Other official numbering systems may also
be used in the NAIS.

The NAIS User Guide indicates that “USDA has not designated any specific
identification technologies...”. Meaning the USDA is taking a “technology neutral” stance, with
regard to what technology will best work for producers while meeting the needs to successfully
trace animal movements to support responses to a potential disease outbreak. For cattle, bison,
deer/elk, and pigs many radio frequency identification (RFID) tags have been approved for use
with the NAIS (NAIS, 2007).

1.1.3 Animal Tracing

The animal tracing segment of the NAIS is currently under development with the
participation of state and industry partners. In 2006, USDA entered into interim cooperative
agreements with 14 private industry and state organizations with animal tracking databases
(ATDs) that met certain technical requirements. Working with states and industry, USDA
developed the technical requirements necessary for full integration of private/state ATDs with
USDA’s Animal Trace Processing System (ATPS) —a Web-based portal that will allow
authorized animal health officials to request information from ATDs in certain disease situations.
USDA published a guidance document with these requirements on February 1, 2007. USDA is
now progressing with the implementation (production) phase and will establish formal
cooperative agreements with interested organizations and states whose systems meet the
technical specifications. In May 2007, state/private ATDs began the process of coming online
for integration with the ATPS.

Owners of livestock will choose the animal tracking database they want to be affiliated
with and report all movements deemed as a significant risk in disease transmission. Species
working groups are recommending which movements should be reported for the individual
species. The databases will record reported individual animal movements and be able to identify
other animals the individual livestock have come into contact with. If a disease outbreak occurs,
these records would be helpful in discovering potentially infected livestock and the scope of the

disease. The NAIS requires only the premises identification number, animal identification



number, date of event, and the event type (move-in or move-out) to be recorded for animal
tracing. Many of the animal tracking databases may also offer additional “production
management” services for livestock producers at a cost. The livestock owner will decide what

tracking database and level of service they want to use.

1.2 Opportunities for Livestock Markets

Livestock markets can participate in the NAIS by tracking animal movements that occur
through their facilities. To do this, livestock markets need to be able to read individual animal
identification numbers so animal movement can be reported to a NAIS-compliant animal-
tracking database. However, because identification methods can vary by species, livestock
markets may need multiple systems. For example, with cattle, the livestock market would need
to be able to read ISO (International Organization for Standardization) compliant RFID tags by
using a RFID reading system.

The systems put in place to record individual animal identification and movement records
will need to be electronically based, so as not to interfere with the speed at which livestock
market sales are conducted. Traditional paper-based means of recording animal movements
through livestock markets offer two drawbacks with respect to conducting a fully functioning
animal identification program. First, there are tremendous opportunities for data entry errors in a
paper-based system. Secondly, a paper-based system does not support capturing individual
animal identification information at the “speed of commerce” and would potentially slow the
livestock market selling process.

Other opportunities that exist for livestock markets to offer their customers are tagging
services, data management, and program verification (age/source process verification) among
others. Because livestock identification and tracing systems are relatively new in the United
States, market segmentation and service differentiation opportunities exist for auction markets.
These opportunities enable a livestock market to vertically align with industry partners to capture
value from animal tagging and tracing services. Some auction markets that have discovered
benefits associated with these services have aligned with process certification or related
programs (e.g., source- and age-verification sales) to offer customer services and animal
information exchange that are not available at more traditional auction markets. Added services

can potentially increase the customer base and potentially enhance profits for an auction market.



1.3 Research Objectives

The purpose of this project is to provide information about the adoption of electronic
animal identification systems at livestock auction markets based upon data collected from a
national survey of livestock auctions, pilot study interviews, and auction market transaction data.
The goal is to provide information that is useful to auction markets considering adopting animal
identification services, to provide facts useful to policy makers and regulators as they consider
alternative animal identification and tracking policy options, and to assess needs for knowledge
development and dissemination to facilitate animal identification system adoption. Specific
objectives include:

e Summarize data collected describing operation size, services offered, and
characteristics of livestock markets surveyed
e Determine livestock market operator knowledge levels, concerns with, and
perceptions about animal identification systems
e Estimate determinants of electronic animal identification technology adoption
among livestock markets
e Determine RFID tagging service investments and costs for livestock auction
markets
e Estimate electronic animal identification system investment requirements and
associated costs for livestock auction markets
e Determine price premiums associated with RFID tagged cattle at Kansas
livestock markets
To accomplish these objectives ordered logit models, binary logit models, cost/investment
analysis, and a hedonic pricing model will be used on the data collected.

Livestock market survey respondents were asked to rank their level of understanding of
the NAIS standards, costs of adoption, and adoption methods. Respondents were also asked if
they view the NAIS as a threat or opportunity to their business and their level of concern of
electronic animal identification systems slowing their speed of sale. These data were used in
ordered logit models to determine systematic characteristics of livestock market operators’
knowledge of standards, cost of adoption, and adoption methods of the NAIS, as well as their
view of the program and concerns with electronic animal identification systems. By knowing

characteristics of livestock markets that have little understanding of the NAIS, view the program



as a threat to their business, or are concerned about speed of sale being affected, program
information dissemination can be more efficient.

The probability of a livestock market adopting electronic animal identification systems
based on certain systematic characteristics was estimated using a binary logit model. Livestock
market respondents were asked if they had adopted electronic animal identification technology, a
binary logit model was used to determine systematic characteristics of those facilities.

Respondents that believed they would offer a RFID tagging service in the future provided
information on the costs necessary to initiate RFID tagging at their facility. This information
was used to estimate the annual cost of offering a RFID tagging service and a predicted cost
function was found. Respondents that had adopted RFID reading technology provided
information on the required investment and costs necessary for adoption. This information was
used to estimate the annual cost of a RFID reader system and a predicted cost function.

Cattle transaction data were collected at three livestock markets in Kansas to determine if
price premiums exist for RFID tagged and preconditioned feeder cattle. The data collected were
used in a hedonic model to determine if premiums exist for these cattle. This information could

be useful to producers and buyers of feeder cattle.



CHAPTER 2 - Data Collection

To collect data necessary to complete the objectives of this study, a national survey was
mailed to livestock auction markets across the United States (a copy of the survey is provided in
Appendix A). An attempt was made to identify the entire population as opposed to simply a
sample. The survey asked questions pertaining to general characteristics of the livestock market
such as size, technology use, and operating expenses; services the livestock market may add to
adopt the NAIS components; knowledge and concerns of animal identification and movement
tracking; and costs of electronic animal identification systems (realized or anticipated).
Livestock markets that had already adopted electronic animal identification systems answered an
additional set of survey questions relative to those that had not adopted this information
technology.

The survey instrument was developed by researchers at Kansas State University with
assistance from the Livestock Marketing Association. The surveys and postage-paid return
envelopes were mailed by the Livestock Marketing Association (LMA) and the National
Livestock Producers Association (NLPA) to their livestock auction market member and non-
member lists. Both organizations included a personal cover letter with the surveys highlighting
the importance of completing and returning the survey (Appendix B contains the cover letters).
The organizations also periodically encouraged and reminded their members to fill out and return
the survey. LMA and NLPA distributed 1,096 and 60 surveys, respectively. The surveys were
mailed in late November of 2006 and completed surveys were returned by February 2007. There
were also 10 livestock auction markets that were participants in a Kansas pilot study (Bolte,
Dhuyvetter, Schroeder, and Rickard, May 2007) that completed the survey directly through
Kansas State University. Overall, 189 surveys were completed representing a 16% (189/1,166)
response rate. On November 22, 2006, during the time the surveys were in the mail to the
livestock markets, USDA announced that the NAIS would remain a voluntary program. This
announcement may have adversely affected the survey response rate and could have influenced
how some questions were interpreted and answered by livestock market operators.

Livestock markets that responded to the survey varied in size, structure, and covered a

broad geographic region. Table 2.1 summarizes the average annual head of livestock typically



sold among the survey respondents. The main species sold at livestock markets were cattle
followed by hogs, sheep, goats, and horses. The survey respondents on average sold 52,522 head
of cattle per year ranging from zero to 320,000 head. Figure 2.1 shows the average number of
livestock sold annually among respondents by region. Table C.1 in appendix C contains a list of

individual states included in each of the five regions.

Table 2.1 Average Annual Typical Head of Livestock Sold Among Auction Market Survey

Respondents
Average

Annual Head Standard Minimum Maximum
Species Sold Deviation Head Sold Head Sold
Cattle 52,522 45,603 0 320,000
Hogs 2,482 6,921 0 45,000
Sheep 1,457 3,763 0 35,000
Goats 1,029 2,972 0 30,000
Horse 329 959 0 7,800
Other' 75 1,003 0 14,000

'Other includes buffalo, llama, mules, donkeys, and exotic animals



Figure 2.1 Average Livestock Sold Annually by Region Among Auction Market Survey

Respondents
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Figure 2.2 illustrates the regional distribution of survey respondents. The majority of the
completed surveys were from auction markets located in the Midwest region (42%), followed by
the Southeast, Southwest, Northwest, and Northeast regions respectively. Respondent region
was determined by return address if provided (this was optional) or by the postmark on the return

envelope, “unknown” regions were those without a postmark.



Figure 2.2 Regional Distribution of Survey Respondents
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The distribution of reported auction facility market values among respondents is
summarized in figure 2.3. Thirty-eight percent of livestock markets estimated their facility value
to be between $500,000 and $1,499,999. Twenty-five percent of survey respondents estimated
their facility value to be between $250,000 and $499,999 and only 2% of livestock markets
reported facility values of $7,500,000 or more.
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Figure 2.3 Market Value of Facilities Among Survey Respondents
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For those livestock market respondents that sell cattle (all but one of the respondents), the
average number of cattle sold on a peak sale day was 2,108 head. The minimum sold on a peak
day was 80 head and the maximum was 17,000 head. The average number of cattle sold on a
non-peak sale day was 779 head with minimum of 35 head and the maximum of 8,000 head.
Figures 2.4 and 2.5 illustrate the frequencies of peak and non-peak cattle sales volumes by
livestock markets. Peak sale days refer to times of the year when more cattle are sold per day

than normal (i.e., fall weaning) and non-peak sale days refer to all other times.
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Figure 2.4 Number of Cattle Sold on a Peak Day Among Survey Respondents That Sell

Cattle

Cattle Sold on a Peak Day
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Figure 2.5 Number of Cattle Sold on a Non-Peak Day Among Survey Respondents That
Sell Cattle
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On average, 74% of cattle lots sold were calves, yearlings, or replacement heifers with
the other 26% being cows and bulls. Table 2.2 shows that on average 41% of calf, yearling, or
replacement heifer lots were sold one head at a time, 28% were sold in 2-10 head lots, 22% in
11-50 head lots, and 9% in lots greater than 50 head. On average, more than 50% of the lots of
cows/bulls, swine, and goats/sheep are sold as single head lots. An estimated 74% of calves,
yearlings, and replacement heifers are sold in lots of 11 or more head and an estimated 27% of
cows and bulls are sold in lots of 11 or more head. Only 28% of swine are sold in lots of less

than 11 head; however 48% of goats and sheep are sold in lots of less than 11 head.
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Table 2.2 Distribution of Average Lot Size, by Species of Livestock, Marketed Through Survey Respondent’s Facility

Lot Size
Livestock Single Head 2-10 Head 11-50 Head Greater than 50
Type Head
Estimated Estimated Estimated Estimated
Percent Percent of | Percent Percent of | Percent Percent of | Percent Percent of
of Lots' Head’ of Lots' Head’ of Lots' Head’ of Lots' Head’
Calves,
Yearlings, 41% 11% 28% 15% 22% 44% 9% 30%
Replacement
Heifers
Cows/Bulls 80% 49% 15% 25% 5% 19% 1% 8%
Swine 51% 7% 33% 21% 14% 56% 2% 15%
Goats/Sheep 58% 23% 30% 25% 10% 34% 2% 18%

"Percent of Lots is the simple average of livestock market respondents.
* Estimated Percent of Head is an approximated volume-weighted percentage using the mid-points of size
categories for 2-10 head and 11-50 head and 65 head for 50 or greater category.
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CHAPTER 3 - Knowledge, Concerns, and Views of the NAIS

The NAIS is a voluntary program (at the federal level) made up of a streamlined
information system designed to help animal health officials and producers respond to animal
health threats in a timely manner (NAIS). Electronic individual animal identification systems
will likely be the popular choice of identification among cattle producers who adopt individual
animal identification systems. Because of the important role auction markets have in being the
first market for many cattle, livestock market operator knowledge, concerns, and views of the
NAIS and animal identification and movement tracking systems are important to understand. If
livestock market operators do not understand the NAIS or animal identification systems,
information may be misconstrued. It is also important to identify concerns livestock market
operators may have about electronic animal identification systems, so issues can be addressed.

In order to determine how individual characteristics of livestock markets relate to levels
of knowledge, views, and concerns of the NAIS, a statistical modeling procedure referred to as
ordered logit models was used. The purpose of this analysis is to determine whether there are
systematic characteristics of auction markets that relate to survey respondent answers to
particular questions. If there are systematic factors related to responses of specific questions, this

knowledge can be used to better target information dissemination programs.

3.1 Previous Research

Because it is such a new program, little research has been completed on the knowledge
and perceptions of the NAIS among livestock market operators. However, ordered logit models
have been used in similar circumstances to explain factors affecting survey respondent opinions
regarding policy and related issues.

Grunewald, Schroeder, and Ward solicited cattle feeder opinions about the effectiveness
of mandatory price reporting (MPR). Cattle feeders from Kansas, lowa, Texas, and Nebraska
responded to a survey in 2002. The survey asked cattle feeders to rank their opinions of three
items from 1 (strongly disagree) to 9 (strongly agree). Cattle feeders were asked to give their
level of agreement to: (a) MPR is benefiting the beef industry; (b) information on

regional/national daily fed cattle cash prices, base prices used in grid pricing,
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premiums/discounts used in grid pricing, and boxed beef prices have increased; (c) MPR has
enhanced my ability to negotiate cash prices, base prices or formulas, grid premiums/discounts
with packers. The researchers determined the opinions of cattle feeders regarding MPR and
quantified how feedlot characteristics influenced producer agreement with the three statements
by using ordered logit models.

Byrne, Gempesaw, and Toensmeyer used ordered logit models to determine consumer
confidence in various channels used to communicate potential risks of pesticide residues in fresh
produce supply. Data were retrieved from a survey of opinions about fresh produce sent to
consumers in the Delmarva Peninsula (Delaware, eastern shore of Maryland, and two counties in
Virginia). The study analyzed consumer concerns with levels of pesticide residues (1 being very
concerned to 7 being unconcerned) and levels of belief in statements made by various groups
about produce safety (1 being do believe to 7 do not believe). The researchers determined
certain demographics of consumers with concerns about pesticide residues and how they affected
the likelihood of consumer beliefs about statements made by various groups about produce
safety.

Ascough et al. analyzed a survey completed by Great Plains producers examining
computer usage and satisfaction by producers. Producers ranked their perceived usefulness of
computers (0 being not useful to 2 being useful), frequency of computer usage (0 being few
times per year to 3 being daily), and number of software applications used (0 being one or two to
3 being seven or more). The researchers used ordered logit models to determine how certain
explanatory variables affected producer computer usage, satisfaction, and software use.

Though only a small sample of studies are discussed here, much past research has used
ordered logit models similar to those used in this study. The studies discussed above used
surveys to collect data on respondent’s ranked perceptions of MPR, residues on fresh produce,
and agricultural producer use of computers. The three studies all used empirical models as

presented by Greene.
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3.2 Empirical Model

This analysis determined how individual characteristics of livestock markets relate to
levels of knowledge and perceptions of the NAIS. Specifically, the following statements were
reviewed: (a) knowledge of the NAIS program standards, (b) understanding of what an auction
market facility needs to do to comply with the NAIS, (c) understanding of costs necessary to
adopt NAIS within a facility, (d) views of the NAIS, and (e) concerns of sale speed being
adversely impacted by the NAIS.

Survey responses to statements (a), (b), and (c) were ranked from 1 to 9, 1 reflected
having no knowledge or understanding and 9 indicated complete knowledge or understanding.
Responses to statement (d) were ranked from 1 to 3, where 1 = threat, 2 = neither threat or
opportunity, and 3 = opportunity. Statement (e) was ranked from 1 to 5, 1 indicated least
concern and 5 reflected most concern. Consequently, each livestock market respondent’s
perception had ordinal rank. Similar explanatory variables were used in analyzing responses of
livestock market operators (y;) to each of these questions. An empirical representation of the

ordered logit model is (Greene, 1997, also Capeau, Decoster, and Vermeulen, 2003):

)y =xpre,
where i refers to individual livestock market operators, y; is an unobservable variable linearly
dependent on the explanatory variables, x, and ¢ is random error. The random error is assumed

1

— . Survey responses observed, y; are based
1+exp(-¢,)

to be logistically distributed, i.e., F(g,) =

*

ony; :
(2) y,=1ify <p,
y,=2ifn <y <n,

y, =3 ifn, <y, <n,

yio=J ifn,, <yl'*’
where the thresholds, 1, are unknown values that are estimated along with the B coefficients and
J is the number of categories. Because it is assumed that the error is logistically distributed, the

following probabilities hold:
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(3) Pr(y, =D = Pr(x;ﬂ +&,<1,)
~ 1
1+ exp(x;,b’ - 771) ’
Pr(y, =2) =Pr(x,f+¢& <1n,)-Pr(x,f+¢,<1))
~ 1 ~ 1
I+exp(x,f—1,) 1+exp(x,f-1n,)
Pr(y, =3)=Pr(x,f +¢, <n,) - Pr(x,f+¢, <1,)
~ 1 ~ 1
1+exp(x,f—1;) 1+exp(x,f—1,)

Pr(y, =J)=Pr(n,, <x,f+¢,)
B 1
1+ exp(x;ﬂ - 77171)

The marginal effects associated with the probabilities can be shown as:

OPr(y, =J) _ exp(x,f-n,)  exp(x,f-1,,)
ox; T(+exp(x,f-n,))" (A+exp(x;8-1,))" |

where 19 = -00 and 1y = oo.

Q)

The following equations were estimated to identify determinants of individual livestock

market respondent opinions of the NAIS (subscript i is dropped for notational convenience):

Knowledge Equations

P, + P herfin+ B,cattid + f, n(lvstk) + p,tagging + S RFID
+ p, premises + [, NE + B, SE + B SW + B, NW +e

(5) standards =

P, + P herfin+ B,cattid + p; n(lvstk) + p,tagging + S RFID

(6) adoption = )
+ p premises + [, NE + B, SE + B SW + B, NW +e

P, + P herfin+ B,cattid + p, n(lvstk) + p,tagging + S RFID

(7) costs = )
+ p, premises + [, NE + B, SE + B SW + B, NW +e
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Perception Equations

®) vi B, + P herfin+ B,cattid + p, n(lvstk) + p,tagging + S RFID
view =
+ p premises + [, NE + B, SE + B SW + B, NW +e

©) sl i B, + P herfin+ p,cattid + p;, n(lvstk) + p,tagging + S RFID
salespeed =
P + p premises + [, NE + B, SE + B SW + B, NW +e

All variables are defined in table 3.1 and summary statistics for the variables are reported
in table 3.2. The explanatory variables used were selected because they were expected to be the

most likely factors that would have an effect on the variables of interest.

Table 3.1 Variable Definitions Used in Statistical Logit Models

Dependent Variables Definition

Understanding of how to adopt the NAIS practices (1

adoption = no understanding to 9 = complete understanding )

Understanding of the costs associated with adopting
costs the NAIS (1 = no understanding to 9 = complete
understanding )

Level of concern of the NAIS adversely affecting sale

salespeed speed (1 = low concern to 5 = high concern)

standards Knowledge of the NAIS program Standards (1 = no
knowledge to 9 = extremely knowledgeable)
Livestock market respondent view of the NAIS (1 =

view threat, 2 = neither threat or opportunity, 3 =
opportunity)

Independent Variables Definition

Categorical number representing the percentage of
cattid cattle currently sold with any type of identification tag
(1 =0-25%, 2 =26-50%, 3 = 51-75%, 4 = 76-100%)

Herfindal-type index measuring the concentration of

herfin species sold at a livestock market (1 = many different
species sold to 10 = one species sold")
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Continuous variable measuring the natural log of the

In(lvstk) total number of livestock sold at a livestock market
annually.
. Binary variable equal to 1 if the livestock market has
premises registered their premises with the NAIS, 0 otherwise
REID Binary variable equal to 1 if the livestock market

currently uses a RFID reader system, 0 otherwise

Binary variable equal to 1 if the livestock market will
tagging offer a RFID tagging service when the NAIS is fully
implemented, 0 otherwise

Binary variable equal to 1 if livestock market from the

NE Northeast region of U.S., 0 otherwise

N Binary variable equal to 1 if livestock market from the
Northwest region of U.S., 0 otherwise

SE Binary variable equal to 1 if livestock market from the
Southeast region of U.S., 0 otherwise

Sw Binary variable equal to 1 if livestock market from the
Southwest region of U.S., 0 otherwise

Midwest/Unknown Base/Default region

B, Parameter coefficients to be estimated by the modeling

procedure

"Herfindal calculations: A livestock market’s herfindal index is the summation of all of
the squared specie shares for each facility. The specie shares were calculated by taking
the number of head of one species sold annually at a livestock market divided by the total
number of livestock sold annually at the facility, multiplied by 100, squared, and divided
by 1,000. This procedure was repeated for each species sold at a facility.

*When the survey was constructed the authors envisioned the statement of the NAIS
being “fully implemented” to refer to mandatory NAIS at the federal level. However,
during the time the surveys were mailed to the livestock market operators, USDA
announced that the NAIS would remain voluntary (at the federal level). Therefore, in this
report the term “fully implemented” could have been interpreted by livestock market
respondents differently.
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Table 3.2 Summary Statistics of Variables Used in Statistical Logit Models

Most
Common Standard
Variable Mean Response1 Deviation Minimum Maximum
adoption 5.23 7 2.30 1.00 9.00
costs 4.81 6 241 1.00 9.00
salespeed 4.29 5 1.24 1.00 5.00
standards 5.75 7 1.89 1.00 9.00
view 1.73 1 0.78 1.00 3.00
cattid 1.74 1 1.04 1.00 4.00
herfin 8.56 2.00 2.30 10.00
In(lvstk) 10.67 0.87 6.76 12.68
premises 0.56 1 0.50 0.00 1.00
RFID 0.14 0 0.35 0.00 1.00
tagging 0.55 1 0.50 0.00 1.00
NE 0.06 0 0.24 0.00 1.00
NW 0.07 0 0.25 0.00 1.00
SE 0.20 0 0.40 0.00 1.00
Sw 0.13 0 0.34 0.00 1.00

! Most Common Response is not displayed for continuous variables.

The concentration of species sold (kerfin) and number of livestock sold annually
(In(lvstk)) were expected to have an effect on livestock market operator’s knowledge and
perceptions of the NAIS. As concentration or annual sales increased operators may be more
knowledgeable of the NAIS standards, costs, and adoption methods for the species sold. Also,
they may be more concerned about sale speed and the variables may even affect the operator’s
view of the program.

The percentage of cattle sold at a facility with any type of identification tag (cattid)
(excluding market back tags) was expected to influence livestock market manager’s knowledge
and perceptions of the NAIS as well. Regions where more cattle are tagged may be areas of
quicker technology adoption. Whether a livestock auction market operator had registered their
premises (premises), adopted RFID reader technology (RFID), or planned to add a RFID tagging
service (fagging) was also expected to impact an operator’s knowledge and perceptions of the
NAIS. A livestock market that had adopted any of these would be expected to have more
knowledge of the NAIS, less concern, and more positive views of the program. Region (NE, SE,
SW, and NW) was also thought to play a role in the knowledge, concerns, and views of the NAIS
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as state participation in premises registration varies greatly across the United States (NAIS,

2007).

3.3 Data

The data used in this analysis were from the national survey of livestock market operators
summarized in chapter 2. A section of the survey asked for feedback on the NAIS in regard to
knowledge of the program standards, understanding of how to adopt and costs of adoption, views
of the program, and concerns about the NAIS. Table 3.2 contains summary statistics of data
used in the empirical models and table 3.3 provides correlation coefficients of the explanatory
variables. The highest correlation coefficient was 0.341, between RFID and premises. This
illustrates that livestock market operators that have RFID reader systems in place are more likely

to have registered their premises.
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Table 3.3 Correlation Coefficients of Explanatory Variables Used in Ordered Logit Model

Variable herfin cattid In(lvstk) tagging RFID premises NE SE SW NW
herfin -

cattid -0.081 -

In(lvstk) 0.052 -0.093 -

tagging -0.055 0.190 0.022 -

RFID -0.109 0.250 0.215 0.145 -

premises -0.129 0.148 0.172 -0.017 0.341 -

NE -0.152 0.256 -0.176 0.191 -0.042 -0.077 -

SE 0.159 -0.252 -0.049 0.038 -0.126 0.017 -0.128 -

Sw 0.138 -0.092 0.138 -0.012 -0.117 -0.113 -0.100 -0.196 -

NW -0.000 0.191 0.028 0.161 -0.049 -0.056 -0.068 -0.134 -0.105 -
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On average, livestock market operators ranked their knowledge of the program standards
of'the NAIS at 5.8 (on a scale from 1 to 9, where 1 reflects having no knowledge and 9 indicates
extreme knowledge). This indicates a moderate level of self-reported understanding of the NAIS
standards among livestock market respondents. Figure 3.1 shows that only 6% of livestock
market respondents indicated feeling as though they were extremely knowledgeable (level 9) of
the NAIS program standards. Though most auction market operators (58%) responded with a
knowledge value of 6 or higher, there is still a sizeable number (42%) indicating intermediate or
less understanding of the NAIS. This indicates further information dissemination and

educational programs for auction market operators regarding the NAIS is needed.

Figure 3.1 Knowledge of the NAIS Program Standards Among Survey Respondents
(Average 5.8)
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When asked to rank their level of understanding of what their facility would need to do to
adopt the NAIS services, the average response was 5.2 (on a scale from 1 to 9, where 1 reflects

having no understanding and 9 indicates complete understanding). This indicates livestock
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market operators have a moderate level of understanding of what needs to be done to adopt the
NAIS at their facilities. Figure 3.2 shows the responses to this question. Slightly over half of the
auction market operators (51% with a score of 5 or less) feel they do not fully understand what

they would need to do to adopt the NAIS.

Figure 3.2 Knowledge of How to Adopt the NAIS Among Survey Respondents (Average
5.2)
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Livestock market operators were asked to rank their level of understanding of the costs
that will likely be incurred in order to adopt the NAIS services. The average response was 4.8
(on a scale from 1 to 9, where 1 reflects having no understanding and 9 indicates complete
understanding). This shows livestock market operators moderately understand the costs they
would incur to adopt the NAIS. Figure 3.3 summarizes the livestock market responses. Not
surprisingly, given the results of figure 3.2 indicating that most operators do not fully know what
they would need to do to adopt the NAIS, a similar percentage of operators indicated they do not

know the costs of adoption.
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Figure 3.3 Knowledge of Cost to Adopt the NAIS Among Survey Respondents (Average

4.8)
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How livestock markets view the NAIS is also important because this illustrates general

feelings of the program among the auction market industry. Figure 3.4 shows how auction

market operators view the overall impact of the NAIS on their businesses. Approximately half

of livestock market operator respondents view the NAIS as a threat to their businesses. Only

20% view it as an opportunity and 30% view it as neither a threat nor an opportunity. To gain

support for the NAIS, addressing concerns of those that perceive the NAIS as a threat to their

business will be critical.
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Figure 3.4 Livestock Market View of the NAIS Among Survey Respondents
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Most livestock markets surveyed were highly concerned about the speed of sale being
adversely affected if they adopted the NAIS practices such as RFID tag use (figure 3.5). In fact,
82% of livestock market operators were highly concerned (response of 4 or 5). Only 5% of
respondents answered with a moderate level of concern (response of 3) and 13% of respondents
were not concerned (response of 1 or 2). However, 79% of livestock markets that have installed
RFID reader systems have not experienced a change in sale speed since its installation (Bolte et

al., 2007)
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Figure 3.5 Concern of Impact on Speed of Sale Among Survey Respondents (Average 4.29)
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3.4 Results

Ordered logit models were used to estimate the parameters in equations (5) through (9) to
determine how the different explanatory (independent) variables relate to the probability the
survey respondent indicated a particular knowledge level, concern, or view of the NAIS. Model
estimation results are reported in tables 3.4 through 3.8 for equations (5) through (9),
respectively. Changes in probabilities associated with a one-unit change in each explanatory
variable were calculated and are referred to as marginal probabilities, based on equation (4).
Marginal probabilities, reported in tables 3.4 through 3.8, sum to zero across rows because as the
probability of one response category increases, all others must decrease collectively by that same
amount. Binary variables do not have marginal probabilities as they only take on values of one
or zero. Thus, the probabilities, based on equation (3), as binary variables change from 0 to 1 are
presented in tables 3.4 through 3.8. The probabilities associated with changes in the binary
variables were calculated by holding continuous variables at their average values and discrete

variables at their most common response.
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3.4.1 Knowledge of the NAIS Program Standards

Respondent knowledge of the NAIS standards varied across auction markets (figure 3.1),
though the most common answer was a 7 (1 =no knowledge to 9 = extreme knowledge).
Estimated impacts of factors hypothesized to be related to the level of knowledge are presented
in table 3.4. Livestock market managers that plan to offer a RFID tagging service feel more
knowledgeable about the NAIS program standards than those that are not planning to add a
RFID tagging service if the NAIS were implemented. Holding other factors constant, the
probability that an auction market survey respondent planning to add a tagging service indicated
a high degree of knowledge of the NAIS standards (response of 7 or higher) was about 55%. In
contrast, those that do not plan to add a tagging service have a probability of 37% of having a
response of 7 or higher. Stated knowledge about the NAIS program standards was not related to
whether the auction market had registered its premises, region of the country the market was
located relative to the Midwest, the diversity of livestock sold at the market, RFID adoption, or
the percentage of cattle that the auction market sells that have any type of identification tag.

Operators of livestock markets that sell greater volumes of livestock annually are likely
to have more knowledge of the NAIS standards (response of 7 or higher) than operators of
markets that sell fewer head of livestock annually. Figure 3.6 shows the probability of responses
of 7 or greater (high knowledge), 3 or lower (low knowledge), and 4-6 (moderate knowledge) by
size of livestock market. The probability of a livestock market operator having a high level of
knowledge (7-9) increases as the size of the facility increases. Likewise, the probability of a
livestock market manager having little to no knowledge (1-3) or only moderate knowledge (4-6)

increases as livestock markets get smaller.
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Figure 3.6 Probability of a Livestock Market’s Level of Knowledge of the NAIS Program

Standards Based on Annual Livestock Sales
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Table 3.4 Ordered Logit Estimates for Response to Statement:

standards (1=no knowledge to 9= extremely knowledgeable)

Rate your knowledge of the NAIS, regarding program

Parameter
Variable Estimate' P-Value 1 2 3 4 5 6 7 8 9

Intercept -2.0697 0.2931 Probabilities

Tagging = 1 0.7259 0.0123  0.0078 0.0254  0.0434 0.0833  0.1505 0.1449 0.3731 0.0972 0.0745
Tagging =0 Default 0.0159 0.0503  0.0801 0.1359  0.1996 0.1515 0.2756 0.0537  0.0375
RFID =1 0.6818 0.1332  0.0039 0.0131  0.0232 0.0475  0.0976 0.1117 0.4122 0.1535 0.1372
RFID =0 Default 0.0078 0.0254  0.0434 0.0833  0.1505 0.1449 0.3731 0.0972 0.0745
premises=1 0.1723 0.5559  0.0078 0.0254  0.0434 0.0833  0.1505 0.1449 0.3731 0.0972 0.0745
premises=0 Default 0.0092 0.0300  0.0505 0.0947  0.1640 0.1498 0.3533 0.0851  0.0634
NE -0.5893 0.3102  0.0139 0.0443  0.0718 0.1253  0.1925 0.1532 0.2959 0.0604  0.0427
SE -0.5061 0.1664  0.0128 0.0410  0.0671 0.1190  0.1875 0.1535 0.3080 0.0648  0.0463
SW -0.4025 0.3193  0.0116 0.0372  0.0615 0.1112  0.1807 0.1533 0.3228 0.0707  0.0510
NW 0.2589 0.6466  0.0060 0.0198  0.0344 0.0679  0.1297 0.1343 0.3962 0.1173  0.0944
Midwest/Unknown Default 0.0078 0.0254  0.0434 0.0833  0.1505 0.1449 0.3731 0.0972 0.0745

Marginal Probabilities

Herfin 0.0364 0.5976  -0.0003 -0.0009 -0.0014  -0.0023 -0.0029 -0.0012 0.0039 0.0027 0.0025
Cattid 0.0151 0.9214  -0.0001 -0.0004 -0.0006  -0.0010 -0.0012 -0.0005 0.0016 0.0011  0.0010
In(lvstk) 0.5337 0.0021  -0.0041 -0.0130 -0.0206  -0.0339 -0.0425 -0.0181 0.0565 0.0391  0.0368

Log-Likelihood Function = -341.8824 Number of Observations = 183

"Parameter estimates for “limits” with p-values in parentheses: Limit 2: 1.4776 (0.0042), Limit 3: 2.3598 (<.0001), Limit 4:

3.1902 (<.0001), Limit 5: 4.0509 (<.0001), Limit 6: 4.6700 (<.0001), Limit 7: 6.4232 (<.0001),
Limit 8: 7.3698 (<.0001).
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3.4.2 Knowledge to Adopt the NAIS Practices

Results of the model explaining factors related to auction market respondent
understanding of what the facility would need to do to adopt the NAIS practices (figure 3.2) are
reported in table 3.5. Livestock market operators that indicate they would likely add a RFID
tagging service in the future are 36% probable to admit high level of knowledge (response of 7-
9) of how to adopt the NAIS practices; whereas the operator is only 19% probable of having a
high level of knowledge at facilities where RFID tagging services are not likely to be offered,
holding all other variables constant. Survey respondents that have adopted RFID reader systems
have 62% probability of high knowledge (response of 7-9), and respondents that have not
adopted RFID reader systems have 36% probability of high knowledge (response of 7-9), all else
constant. Statistically unrelated to operator knowledge of the NAIS were whether the market
had registered its premises, auction facility location compared to the Midwest, diversity of
livestock sold by the market, and percentage of cattle the market sold that had an identification
tag.

Figure 3.7 illustrates that livestock markets that sell more livestock annually are more
likely to have a greater level of understanding of how to adopt the NAIS practices. Smaller
livestock markets, selling fewer livestock, are more likely to have moderate or little

understanding of how to adopt the NAIS practices.
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Figure 3.7 Probability of a Livestock Market’s Level of Understanding of How to Adopt
the NAIS Practices Based on Annual Livestock Sales
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Table 3.5 Ordered Logit Estimates for Response to Statement: Rate your level of understanding of what this facility needs to

do to adopt the NAIS practices (1=do not understand to 9= completely understand)

Parameter
Variable Estimate' P-Value 1 2 3 4 5 6 7 8 9

Intercept -4.825 0.011 Probabilities

tagging =1 0.854 0.003 0.050 0.047 0.095 0.095 0.167 0.188 0.196 0.094 0.068
tagging =0 Default 0.110 0.091 0.157 0.128 0.176 0.147 0.116 0.046 0.030
RFID =1 1.068 0.014 0.018 0.018 0.040 0.046 0.101 0.159 0.258 0.185 0.175
RFID =0 Default 0.050 0.047 0.095 0.095 0.167 0.188 0.196 0.094 0.068
premises=1 0.160 0.584 0.050 0.047 0.095 0.095 0.167 0.188 0.196 0.094 0.068
premises=0 Default 0.058 0.053 0.106 0.103 0.173 0.184 0.181 0.083 0.058
NE 0.673 0.251 0.026 0.026 0.056 0.062 0.128 0.180 0.247 0.150 0.125
SE -0.185 0.598 0.059 0.054 0.108 0.104 0.174 0.183 0.178 0.082 0.057
Sw -0.270 0.519 0.064 0.058 0.114 0.108 0.176 0.180 0.170 0.076 0.053
NW 0.412 0.466 0.034 0.032 0.070 0.074 0.145 0.188 0.231 0.127 0.099
Midwest/Unknown Default 0.050 0.047 0.095 0.095 0.167 0.188 0.196 0.094 0.068

Marginal Probabilities

herfin 0.103 0.121 -0.005 -0.004 -0.007 -0.005 -0.004 0.002 0.010 0.007 0.007
cattid 0.095 0.513 -0.005 -0.004 -0.006 -0.005 -0.004 0.002 0.009 0.007 0.006
In(lvstk) 0.542 0.002 -0.026 -0.022 -0.037 -0.027 -0.024 0.010 0.051 0.039 0.034

Log-Likelihood Function = -371.91536 Number of Observations = 183

"Parameter estimates for “limits” with p-values in parentheses: Limit 2: 0.709 (0.000), Limit 3: 1.507(<.0001), Limit 4:

2.034 (<.0001), Limit 5: 2.760 (<.0001), Limit 6: 3.530 (<.0001), Limit 7: 4.588 (<.0001),
Limit 8: 5.565 (<.0001).
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3.4.3 Understanding of Costs Necessary to Adopt the NAIS

Livestock market operators overall showed a wide range of understanding of costs
associated with adopting the NAIS (figure 3.3). Table 3.6 reports results of estimating equation
(7) to determine factors related to knowledge of costs of adoption. Livestock market managers
that plan to offer a RFID tagging service in the future have a 32% probability of responding with
a 7 or higher, whereas facilities that do not plan to offer a tagging service in the future have only
a 17% probability of responding with a 7 or higher. Livestock market operators that have RFID
reader systems in place are more likely to be more knowledgeable (60% probability of
responding with a 7 or higher) of the NAIS costs than those auction market respondents that do
not currently use RFID reader systems (32% probability of responding with a 7 or higher).
Unrelated to operator understanding of costs associated with adopting the NAIS included
whether the market had registered its premises, auction facility location compared to the
Midwest, diversity of livestock sold by the market, percentage of cattle the market sold that had

an identification tag, and auction market sales volume.
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Table 3.6 Ordered Logit Estimates for Response to Statement: Rate your level of understanding of costs you will incur to

adopt the NAIS at this facility (1=do not understand to 9= completely understand)

Parameter
Variable Estimate' P-Value 1 2 3 4 5 6 7 8 9

Intercept -1.443 0.448 Probabilities

tagging =1 0.814 0.004 0.075 0.083 0.109 0.092 0.135 0.190  0.164 0.099 0.052
tagging =0 Default 0.156  0.143 0.153 0.107 0.130 0.142  0.096 0.049 0.024
RFID =1 1.174 0.007 0.025 0.031 0.046 0.046 0.084 0.169  0.233 0.214 0.151
RFID =0 Default 0.075 0.083 0.109 0.092 0.135 0.190  0.164 0.099 0.052
premises=1 0.272 0.355 0.075 0.083 0.109 0.092 0.135 0.190  0.164 0.099 0.052
premises=0 Default 0.097  0.102 0.126 0.100 0.138 0.178  0.140 0.079 0.040
NE -0.727 0.237 0.144  0.137 0.150 0.107 0.132 0.149  0.103 0.053 0.026
SE -0.411 0.239 0.110  0.112 0.134 0.103 0.138 0.170  0.129 0.070 0.035
SW 0.318 0.456 0.056  0.065 0.089 0.080 0.126 0.196  0.191 0.126 0.070
NW -0.280 0.624 0.097  0.102 0.126 0.100 0.138 0.178  0.140 0.079 0.040
Midwest/Unknown Default 0.075 0.083 0.109 0.092 0.135 0.190  0.164 0.099 0.052

Marginal Probabilities

herfin 0.079 0.249 -0.005  -0.005 -0.005 -0.003 -0.002 0.003 0.007 0.006 0.004
cattid 0.219 0.133 -0.015  -0.014 -0.014 -0.007 -0.004 0.007  0.019 0.017 0.011
In(lvstk) 0.185 0.279 -0.013  -0.012 -0.012 -0.006 -0.004 0.006  0.016 0.015 0.009

Log-Likelihood Function = -378.60854 Number of Observations = 183

"Parameter estimates for “limits” with p-values in parentheses: Limit 2: 0.839(<.0001), Limit 3: 1.499(<.0001), Limit 4:
1.928(<.0001), Limit 5: 2.483(<.0001), Limit 6: 3.280(<.0001), Limit 7: 4.233(<.0001),

Limit 8: 5.407(<.0001).
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3.4.5 Perception of the NALS Impact on Business

Livestock market operators hold diverse perceptions regarding whether the NAIS
represents a threat or an opportunity to their operations (figure 3.4). Factors related to these
perceptions are reported in table 3.7. Livestock market operators that have RFID reader systems
in place have a 54% probability of perceiving the NAIS as an opportunity for their businesses;
while livestock market operators that do not have RFID reader systems in use have only a 22%
probability of thinking of the NAIS as an opportunity for their businesses. Also, livestock
market managers that have registered their premises have a 22% probability of perceiving the
NAIS as an opportunity for their businesses compared to livestock market operators that have not
registered their premises only having a 14% probability of thinking of the NAIS as an
opportunity. Livestock markets located in the Northeast region have a 53% probability of
viewing the NAIS as an opportunity compared to a probability of less than 25% for other

regions.
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Table 3.7 Ordered Logit Estimates for Response to Statement: Is the NAIS a threat or
Opportunity to your business? (1