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Abstract

In 2003, the Nebraska Legislature enacted the Livestock Friendly County designation program to promote
the livestock industry in the state. Forty-nine of the state’s 93 counties received the designation at staggered
years. Our paper estimates the causal effect of the program on the state’s cattle industry using a fixed effect
difference-in-difference model that accounts for self-selection and staggered designation. Results indicate
that the program does not appear to have a statewide effect on livestock expansion, but it is effective in
some crop reporting districts. We offer some hypotheses on why this may be the case and draw some policy
implications.

Keywords: agglomeration economies; difference-in-difference method; Nebraska Livestock Friendly County Program;
staggered entry

JEL Classifications: Q13; Q18

1. Introduction

The Nebraska Legislature in 2003 enacted legislation, known as LB 754, with the intent “to seek
reasonable means to nurture and support the livestock sector of the state” (LB 754, 2003). To that
end, the legislature directed the Nebraska Department of Agriculture (NDA) to develop a
Livestock Friendly County (LFC) program to “recognize and assist efforts of counties to maintain
or expand their livestock sector” (LB 754, 2003). As per Nebraska Administrative Code 2004,
which contains the LFC regulations, “LIVESTOCK FRIENDLY COUNTY means any county des-
ignated by the Director as a “Livestock Friendly County” under the Act after fulfilling all of the
requirements and meeting the criteria and standards established by the department under the Act
and these regulations” (NDA, 2004).

Once designated, a county may use the words LFC and the NDA logo for promotional purposes
(NDA, 2004). As further elaborated on NDA’s website, “The LFC sign at the county entrance tells
visitors that the county is committed to the people, the businesses, the environment, and the live-
stock industry. The designation is a strong statement of support of animal agriculture.”
Designated counties are reviewed annually by the NDA Director to determine if they continue
to qualify for the designation. Counties may also choose to withdraw from the LFC program.

Between 2003 and 2018, 49 of the state’s 93 counties received the LFC designation (Table 1 and
Figure 1). In 2005, Morrill was the first and the only county to be designated LFC. In 2018, six
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Table 1. Nebraska designated livestock-friendly counties by date of designation

# County Date # County Date

1 Morrill June 15, 2005 26 Merrick March 25, 2014

2 Hitchcock March 9, 2006 27 Pawnee July 25, 2014

3 Webster March 9, 2006 28 Knox October 28, 2014

4 Keith March 1, 2007 29 Saunders December 16, 2014
5 Dawes August 6, 2007 30 Dakota July 24, 2015

6 Wayne August 15, 2007 31 Thayer August 5, 2015

7 Adams August 29, 2007 32 Fillmore August 5, 2015

8 Garden October 12, 2007 33 Howard August 21, 2015

9 Lincoln August 12, 2008 34 Hamilton August 26, 2015

10 Sheridan August 12, 2008 35 Hayes September 23, 2015
11 Box Butte August 12, 2008 36 Richardson March 14, 2016

12 Deuel February 6, 2009 37 Burt August 9, 2016

13 Jefferson June 22, 2009 38 York September 13, 2016
14 Grant August 2, 2010 39 Cheyenne September 30, 2016
15 Gage May 2, 2012 40 Antelope October 13, 2016
16 Scotts Bluff May 21, 2012 41 Colfax October 25, 2016
17 Saline July 20, 2012 42 Hall August 28, 2017

18 Cuming August 10, 2012 43 Thurston October 2, 2017

19 Kimball September 25, 2012 44 Red Willow January 18, 2018
20 Banner September 25, 2012 45 Platte March 27, 2018

21 Holt November 30, 2012 46 Furnas July 19, 2018

22 Johnson August 16, 2013 47 Polk July 26, 2018

23 Dodge November 27, 2013 48 Seward August 12, 2018

24 Otoe February 25, 2014 49 Sherman December 6, 2018
25 Dawson March 25, 2014

Source: J. David Aiken, Professor at the Department of Agricultural Economics, University of Nebraska-Lincoln.

counties (Red Willow, Platte, Furnas, Polk, Seward, and Sherman) were designated. The other 42
counties received the designation at staggered years during the 15-year interval.

In the only study investigating the impact of the program on the state’s livestock sector, Mills
et al. (2016) examine whether counties with the LFC designation experienced a higher expansion
in the number of cattle and hog farms. Using 2002, 2007, and 2012 census data, the authors
regressed the number of farms on several county-specific control variables and an indicator vari-
able representing LFC designation of counties. The statistical significance of the LFC indicator
variable coefficient in their regression model led to the conclusion that the program has resulted
in higher livestock expansion by inducing more net entry of livestock farms.?

ZReaction to the study’s conclusion by farm organizations in the state was mixed. On the one hand, the Nebraska Farmers
Union thought the study “proved nothing” as “there are no tangible benefits to the designation and counties that have sought it
already were livestock-centric”. On the other hand, the Nebraska Farm Bureau said “the study demonstrates the value of
embracing livestock as an economic development tool (Bergin, 2016).
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Figure 1. Counties with Nebraska livestock friendly designation.
Source: Nebraska Department of Agriculture.

A key limitation of Mills et al.’s study stemmed from their use of census data where farm num-
bers are available only every 5 years. Consequently, not only does the periodicity of the census data
make it difficult to match the census years with the years when counties were designated LFC, but
it also makes it impossible to account for the staggered entry of counties into the LFC program, as
clearly shown in Table 1.

In this paper, we re-examine the impact of the LFC designation on the Nebraska cattle industry
and, in so doing, we mitigate the limitations of Mills et al.’s (2016) study and contribute to the
literature on the economic impact of geographical designations by being the first to implement a
model in a setting where units (e.g., cities, counties, states, or countries) are designated at different
points in time. To that end, we use a difference-in-difference (DID) with staggered treatments for
a data panel with yearly outcome variables, mitigating the mismatch between the data periods and
the year during which a county was LFC designated. Four county-level outcome variables for the
cattle industry are used®: cattle numbers (all cattle and calves in Nebraska as of January 1), cattle
density (cattle numbers per square mile), cattle share (cattle numbers as a proportion of the state’s
cattle numbers), and cattle per capita (cattle numbers per county resident). The four outcome
variables are indicators of various dimensions of cattle industry expansion/contraction. While
changes in cattle numbers, in general, indicate changes in the extensive margin of the cattle indus-
try, changes in cattle density are indicators of the intensive margin only. Cattle share captures both
the importance of a county’s dominance and efficiency in cattle production relative to other coun-
ties. Cattle per capita proxies how receptive residents are to cattle production in their respective
counties.

In addition to accounting for staggered treatment, the model accounts for self-selection bias by
including not only the time-varying observable variables that contribute to LFC designation but
also other county-specific fixed characteristics that may contribute to livestock expansion/con-
traction (e.g., physical characteristics such as topography and climatic condition or socio-
economic and cultural characteristics such as demography, infrastructure, etc.).

The next section briefly describes the LFC designation process. The third section reviews lit-
erature related to designations. The econometric model is described in section 4. Sections 5 and 6
present the data and the results, respectively. The final section summarizes and concludes.

*We focus on cattle only because time series data on hog inventories for Nebraska are not available at the county level for
the study period.
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2. The LFC Designation Process

To be considered for LFC designation, a county must first apply and submit certain information
and documents as set forth in section 008, “The Application Process,” of the Code.

Broadly speaking, the application is partitioned into three sections. The first section is largely
declaratory. The applicant expresses commitment to livestock development, acknowledges the
importance of the sector to its economy, and commits to compliance with the Livestock
Waste Management Act. The second section requires documentation of “zoning regulations appli-
cable to animal feeding operations (AFOs)” at the county level. The third section asks for the same
“if any city, village, or other governmental jurisdictions with the county imposes restrictions on
AFOs” (NDA, 2004).

To determine if a county qualifies for LFC status, the NDA Director compares the examples
listed under each of the criteria in the Code with “activities undertaken in the county or regulation
imposed by the county.” There are six criteria, with several detailed examples under each criterion
(NDA, 2004). The six criteria are: (1) the county’s expressed commitment to developing the live-
stock sector of its economy, supported by specific programs to that effect; (2) the restrictions on
AFOs by other governmental jurisdictions within the county are within what is permissible by
Nebraska statutes unless the restrictions are supported by science-based analysis specific to the
jurisdiction; (3) nonfarm land uses do not infringe on animal agriculture in predominately agri-
cultural areas; (4) the procedures for obtaining a livestock permit are clear, and the requirements
for obtaining a permit are clear, reasonable, and science-based; (5) the design and site require-
ments for AFOs are not more restrictive than the requirements under existing state standards;
and (6) and setbacks are not >0.25 mile for 1,000 animal units (AUs), 0.375 miles for
5,000 AUs, 0.50 mile for 10,000 AUs, and 0.75 miles for 20,000 AUs. The LFC applications are
evaluated by an evaluation committee consisting of representatives from the NDA, the
Nebraska Department of Economic Development, the Nebraska Department of Environmental
Quality, other state and county government agencies, academic institutions, and others as deter-
mined by the NDA Director (NDA, 2004).

3. Related Literature

Since Mills et al.’s (2016) study of the Nebraska LFC designation is the only direct precursor to
ours, this section’s purpose is necessarily limited to how our contribution fits within the broader
literature that examines local impacts of localized policies. The literature has two strands. The first
strand examines the economic impacts of a variety of designations. Perhaps, the designation most
familiar to agricultural economists is the protected designation of origin of food products and its
effect on consumer willingness to pay for products (e.g., Garavaglia and Mariani, 2017).

Non-food-related designations in the literature include designations such as floodplain
(Meldrum, 2016), conservation area (Ahlfeldt et al., 2017), historic district (Angjellari-Dajci
and Cebula, 2016), arts and cultural district (Rich and Tsitsos, 2016), ozone non-attainment
(Sherift, Ferris, and Shadbegian, 2019), and enterprise zone designation (Zhang, 2015). The stud-
ies investigate the impacts of designations on a variety of outcome variables such as real estate
value, employment, and income. For example, Angiellani-Dajci and Cebula (2016) investigate
the impact of national historic district designation on the sales price of residential properties
in St. Augustine, Florida, and conclude that the property sales prices are positively affected by
various historical designations. Rich and Tsitsos (2016) conduct a case study of Station North
Arts and Entertainment District in Baltimore, Maryland, and conclude that home values have
increased in Station North since the Art and Entertainment District designation. Zhang (2015)
studies the impact of the Louisville Enterprise Zone program on the growth of different industries
and concludes that the enterprise zone program has significantly increased the growth of service
and manufacturing activities in Louisville.
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The second strand of literature examines the effect of a business-friendly policy environment
on indicators of economic outcomes. Examples include how state-level policies concerning taxes
(Bartik, 1989), environmental regulation (Azzam, Nene, and Schoengold, 2015), anti-corporate
farming (Schroeter, Azzam, and Aiken, 2006), and antitrust enforcement (Feinberg, 2014) influ-
ence firm location, entry, and exit. For example, Azzam, Nene, and Schoengold (2015) study the
impact of environmental regulation stringency on U.S. hog industry and conclude that the regu-
lation has a limited impact on small-scale hog farms and leads to a reduction in the number of
large farms. Schroeter, Azzam, and Aiken (2006) examine the impact of an anti-corporate farming
law, Initiative 300, on the feedlot industry structure in Nebraska and conclude that there is no
strong evidence that Initiative 300 affected the dynamics of feedlot industry structure in
Nebraska. Some studies examine the effect of business-friendly policies on economic indicators
such as poverty (Djankov, Georgieva, and Ramalho, 2018) and economic growth (Gillanders and
Karl, 2014) across countries.

4. Econometric Model

The model we use is an extension of the basic DID with simultaneous treatment to a DID with a
staggered treatment (de Janvry and Sadoulet, 2016). In terms of our application, the idea behind
the basic DID is to estimate the net difference in the outcome variable in a county attributed to
LEC designation by subtracting the outcome of non-LFC-designated counties (control group)
from the outcome of LFC-designated counties (treatment group) over the same period.

Let Y7y and Y, denote the average of an outcome variable before and after LFC designation for the
treatment group, and Y, and Y, for the control group. Then, the average treatment effect of LFC
designation ATE = (Yy; — Yo) — ( Yo — Yco)- The term (Y, — Yy) represents the change in the
outcome for LFC counties. The term (Yo, — Y,) represents the natural change in the
outcome variable of non-LFC counties. The crucial assumption of the DID method is that both treat-
ment and control groups have “parallel trends,” ie., in the absence of LFC designation,
both the treatment and the control counties would have identical changes in their respective
outcome variables.

A slight modification on the DID model is needed since the timing of LFC designation was not
concurrent—some counties were designated LFC as early as in 2006, and others were designated
as recently as 2018. To account for the difference, a modified version of DID called the DID with a
staggered entry of the units is more appropriate (Dhoubhadel, 2021; Galiani, Gertler, and
Schargrodsky, 2005; Jensen, 2007). The assumption of “parallel trends” in outcome variables
across counties may also be invoked in this case. The assumption may be violated if LFC-
designated counties are markedly different from non-LFC-designated counties, and these
differences are correlated with the outcome variables. The assumption is also violated if there
are exogenous shocks to the industry that may induce counties to apply for the designation,
leading to livestock expansion/contraction when the designation is granted.

To estimate the DID with staggered entry, we use a standard fixed effect panel data DID model.
The model controls for the time-invariant unobservable individual characteristics of the counties
that might be correlated with LFC designation as well as the observable time-variant variables that
affect LFC designation. Accounting for both time-invariant and time-variant variables mitigates
selection bias due to the inclusion of county-specific characteristics and helps isolate the actual
impact of LFC designation.

The fixed-effect modified DID model is specified as:

Yit =a+lBXit+li+yi+8LFCi+8it (].)

where Y}, is the outcome variable measuring the different dimensions of cattle industry expansion
mentioned earlier: cattle numbers, cattle density, cattle share, and cattle per capita of county i in
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year t; X;; is a vector of time-varying observable characteristics. As in Mills et al. (2016), the vector
includes cattle and corn prices, real per capita income, population density (human population per
sq. miles), indicator variables for the presence of ethanol plants in the county and neighboring
counties?, and an indicator variable for LFC designation status of neighboring counties. We also
added an indicator variable to account for periods of cattle expansion and contraction during the
cattle cycle.

The expectation is that higher cattle prices and lower corn prices contribute positively to cattle
industry expansion. A higher population density should dampen livestock expansion, as should LFC
designation of neighboring counties. The effects of ethanol plant presence and real per capita income
on cattle industry expansion are ambiguous. While the presence of ethanol plants may contribute
negatively to cattle industry expansion by increasing corn prices, it may also contribute positively by
providing a substitute for cattle feeding in the form of distillers’ grain. The effect of an increase in per
capita income is also ambiguous. An increase in county per capita income allows producers to buy
more cattle and build new facilities, contributing positively to cattle industry expansion. An increase
in county per capita income also implies higher labor wages, contributing negatively to the expan-
sion. We also expect cattle expansion/contraction in Nebraska to follow the national cattle cycle.

The coefficient 4; is the fixed effect unique to each county, and y; is the time effect that is com-
mon to all counties. LFC; is the indicator variable taking a value of one for the years during county
i has LFC designation and zero otherwise, and €, is an independently distributed error term. The
estimate of § is the DID estimate, i.e., the change in the dependent variables attributable to LFC
designation. The estimate is inferred as follows:

For control counties

YC0=0[+/3+},C+]/0 (2)
Y51:a+ﬁ+/1c+y1 (3)
Yao—Yo=v1i—7%0 (4)
For treatment counties

Yro=a+ B+ ir+ v (5)
Ypp=a+B+Ar+y1+6 (6)
Yri—Yp=v1—vo+9 (7)

Average treatment effect (ATE)
ATE = (Yr; — Ypo) — (Y — Y) =6 (8)

*We also initially considered dummy variables that, respectively, take a value of one for presence of cattle processing plants
in the county and neighboring counties, and zero otherwise. However, because all processing plants in the state were estab-
lished before 2003, the year the LFC program was initiated, the dummy variables were dropped because they are all equal to
one in all years in the data panel and, therefore, are not estimable due to lack of variation in the data.
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While it is not possible to verify the assumption of parallel trends for the entire period, it is
possible to test if the trends were ‘parallel’ in periods before LFC designation. For this purpose, we
first test if the pre-treatment trends of dependent variables are correlated with the order of LFC
designation. This test is implemented by slightly modifying equation (1) as follows (de Janvry and
Sadoulet, 2016):

Yii — Y1 = a+ BXy + 4 + o Entry; + ¢, 9)

where Entry; is a dummy variable equal to one for the years before the LFC designation and zero
afterward for county i.

To test if the adoption of LFC designation is not correlated with dependent variables in the
period immediately before the LFC designation, the following model is estimated (de Janvry
and Sadoulet, 2016):

Yy = @+ BXy + 4 + SLFC; + ¢ImPdy; + & (10)

where ImPd;; is a dummy variable equal to one for the year immediately before county i was des-
ignated LFC and zero for the other years in the sample.

5. Data

The data on time-varying observable characteristics of the counties are obtained from various
sources. The data period includes the years from 2000 to 2018. Data on cattle numbers, cattle,
and corn prices are obtained from the National Agricultural Statistical Service database
(USDA NASS, 2020). To account for decision lags in cattle production, we used lagged 2-year
averages for cattle (steer and heifer) and corn prices. As price data are not available at the county
level, state-level prices are used. Prices were deflated using the producer price index data for cattle
and corn obtained from the U.S. Bureau of Labor Statistics (US BLS, 2020a). County population
data are obtained from the Census Bureau (U.S. CB, 2020) and county-level personal income data
from the U.S. Bureau of Economic Analysis (US BEA, 2020). Per capita income was deflated by the
consumer price index (US BLS, 2020b). Data on ethanol plant location come from the Nebraska
Ethanol Board (NEB, 2020). Finally, the list of LFC-designated counties and their respective des-
ignation dates are obtained from the Nebraska Department of Agriculture website (NDA, 2020)
and J. David Aiken, Professor at the Department of Agricultural Economics of the University of
Nebraska-Lincoln. The cattle cycle is represented by a dummy variable that has a value of one
during expansion and zero otherwise. Information on years of expansion and contraction is
obtained from Market Intel (2020).

Tables 2 and 3 compare the summary statistics of LFC-designated counties with the rest of the
counties. On average, cattle density, cattle per capita, two-year average cattle and corn prices, and
population density are higher in non-LFC counties than in LFC counties. LFC counties have
higher cattle numbers, higher cattle shares, and higher real per capita income compared to
non-LFC counties.

6. Results

Before estimating the impact of LFC on cattle industry expansion, we need to check if the pre-
treatment trends in the dependent variables are similar for LFC and non-LFC counties and if the
timing of LFC designation is correlated with the dependent variables immediately before the des-
ignation. The results of the tests are as follows:
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Table 2. Descriptive statistics for non-LFC counties

Variables N Mean Median Std. Dev. Min Max

Cattle number (head) 1,288 66,839.67 51,000 57,181.57 2,300 330,000

Cattle density (head/sq. miles) 1,288 94.83 76.33 78.95 6.95 690.85

Cattle share (share in the total number 1,288 1.05 0.80 0.90 0.03 4.85
of cattle in the state in %)

Cattle per capita (cattle head/county 1,288 20.03 9.766 25.14 0.00 167.70
population in %)

Two-year average cattle price ($/cwt) 1,288 69.06 68.56 1.97 66.16 72.33

Two-year average corn price ($/bush) 1,288 2.49 2.47 0.25 2.07 3.03

Real per capita income ($) 1,288 17,829.84 17,033.25 4,107.44 9,337.41 53,885.65

Population density (People/sq. miles) 1,288 48.67 9.07 195.09 0.57 1,712.63

LFC, Livestock Friendly County.
Note: The summary statistics for LFC counties are based on the years during which a county was LFC designated. The summary statistics for
non-LFC include all years in the sample. Average prices vary by year and not by county.

Table 3. Descriptive statistics for LFC counties

Variables N Mean Median Std. Dev. Min Max

Cattle number (head) 293  77,168.94 55,000  70,241.71 6,800 325,000

Cattle density (head/sqg. miles) 293 89.37 73.71 80.88 12.19 568.18

Cattle share (share in the total number 293 1.20 0.86 1.09 0.10 4,78
of cattle in the state in %)

Cattle per capita (cattle head/county 293 14.45 6.93 17.21 0.34 81.12
population in %)

Two-year average cattle price ($/cwt) 293 67.27 66.70 1.51 66.16 72.33

Two-year average corn price ($/bush) 293 2.40 2.39 0.24 2.07 3.03

Real per capita income ($) 293  18,662.67  18,383.28 3,30430  11,967.68  34,468.95

Population density (People /sg. miles) 293 16.18 9.59 17.96 0.79 112.75

LFC, Livestock Friendly County.
Note: The summary statistics for LFC counties are based on the years during which a county was LFC designated. The summary statistics for
non-LFC include all years in the sample. Average prices vary by year and not by county.

6.1 Pre-treatment Trend Test (equation (9)) and Immediate Period Performance Test
(equation (10))
The pre-treatment trend test result is in Table 4. Since the coefficient on the variable “entry” is not
statistically different from zero for all of the dependent variables, we conclude that the livestock
expansion trend measured by the four alternative dependent variables before LFC designation is
the same for both LFC and non-LFC counties.

The immediate period performance test result is in Table 5. The estimate of the variable “imme-
diate period” is not statistically significant from zero for all the dependent variables, indicating that
the immediate period (one year) before LFC designation did not influence LFC designation.

6.2. Staggered Entry DID Model Results (equation (1))

Table 6 presents the estimation results of the four alternative DID models: model 1 (cattle num-
bers), model 2 (cattle density), model 3 (cattle share), and model 4 (cattle per capita). All
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Table 4. Testing the association between pre-program trend and the order of entry

Dependent variables (in logs)

(1) Cattle (3) Cattle share in
number (2) Cattle density the total number of (4) Cattle per
Independent variables (head) (head/sq. mile) cattle in the state (%) capita (%)
Log 2-year average price of cattle 0.0745 0.0745 0.00660 0.114
(0.101) (0.101) (0.0999) (0.100)
Cattle cycle 0.0363*** 0.0363*** —0.00118 0.0372***
(0.00476) (0.00476) (0.00476) (0.00474)
Log 2-year average price of corn —0.0139 —0.0139 —0.0476** —0.00734
(0.0236) (0.0236) (0.0236) (0.0234)
Log real per capita income 0.00919 0.00919 —0.00728 0.00320
(0.0125) (0.0125) (0.0122) (0.0129)
Log of population density —0.0949 —0.0949 —0.0863 -0.132
(0.0854) (0.0854) (0.0861) (0.0842)
Ethanol plant —0.0119 —0.0119 —0.0150* —0.0134
(0.00838) (0.00838) (0.00800) (0.00856)
Ethanol plant in neighboring counties ~ —0.000453 —0.000453 —0.00333 —0.000695
(0.00538) (0.00538) (0.00527) (0.00585)
LFC in neighboring counties —0.000492 —0.000492 —0.00367 9.06e—05
(0.00769) (0.00769) (0.00757) (0.00756)
Entry —0.00622 —0.00622 —0.00362 —0.00554
(0.00960) (0.00960) (0.00921) (0.00984)
Constant —-0.195 —0.195 0.280 —-0.225
(0.482) (0.482) (0.481) (0.479)
Observations 1,581 1,581 1,581 1,581
Number of counties 93 93 93 93
R? 0.061 0.061 0.007 0.062

LFC, Livestock Friendly County.
Notes: Robust standard errors in parentheses. Due to space limitation, the coefficients on county fixed effect are not presented here.
***P <0.01, **P < 0.05, *P <0.1.

continuous variables are log-transformed to reduce skewness in the data. Because of heterosce-
dasticity and serial correlation, all standard errors are robust standard errors. We tested for col-
linearity among the independent variables and found an average variance inflation factor of 1.44,
indicating the absence of multi-collinearity. The time fixed effect is removed from the model as
none of the years were statistically different from zero. The coefficient estimates for cattle numbers
and cattle density models are almost identical except for the intercept. We present the results of all
four models for completeness.

As expected, the effect of the price of cattle on cattle expansion is positive and significant at the
10% level for all four models. The corn price coefficient is also statistically significant at the 10%
level for models 1, 2, and 4, but the sign is contrary to expectation, implying that cattle expansion
took place despite increasing corn prices. Except for model 3, the cattle cycle is also statistically
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Table 5. Testing the association between entry into the program and the immediate period before the entry

Dependent variables (in logs)

(1) Cattle (3) Share in the total
number (2) Cattle density number of cattle in (4) Cattle
Independent variables (head) (head/sq. mile) the state (%) per capita (%)
Log 2-year average price 0.503* 0.503* 0.721** 0.503*
of cattle (0.277) (0.277) (0.278) (0.277)
Cattle cycle 0.0190* 0.0190* —0.0124 0.0190*
(0.0104) (0.0104) (0.0105) (0.0104)
Log 2-year average price of corn 0.0869* 0.0869* —0.0584 0.0869*
(0.0457) (0.0457) (0.0460) (0.0457)
Log real per capita income —0.0553 —0.0553 —0.0256 —0.0553
(0.0400) (0.0400) (0.0402) (0.0400)
Log of population density -1.011* —1.011* —0.960* —2.011***
(0.549) (0.549) (0.554) (0.549)
Ethanol plant 0.0257 0.0257 0.0215 0.0257
(0.0310) (0.0310) (0.0309) (0.0310)
Ethanol plant in neighboring —0.0519 —0.0519 —0.0550 —0.0519
counties (0.0379) (0.0379) (0.0379) (0.0379)
LFC 0.0338 0.0338 0.0322 0.0338
(0.0319) (0.0319) (0.0317) (0.0319)
LFC in neighboring counties —0.0456* —0.0456* —0.0533** —0.0456*
(0.0239) (0.0239) (0.0240) (0.0239)
Immediate period 0.00157 0.00157 0.00592 0.00157
(0.0267) (0.0267) (0.0267) (0.0267)
Constant 11.43*** 4.902*** —-0.813 4.902***
(1.358) (1.358) (1.367) (1.358)
Observations 1,581 1,581 1,581 1,581
Number of counties 93 93 93 93
R? 0.109 0.109 0.108 0.220

LFC, Livestock Friendly County.
Notes: Robust standard errors in parentheses. Due to space limitation, the coefficients on county fixed effect are not presented here.
***P <0.01, **P <0.05, *P <0.1.

significant and positive, as would be expected in a leading cattle-producing state like Nebraska.
The other statistically significant variables are population density and presence of LFC designation
of neighboring counties. Both lead to cattle industry contraction. AFOs may face more restrictive
regulations in the counties with higher population densities, which can raise their production
costs. A plausible explanation for the negative impact of LFC in neighboring counties is that exist-
ing livestock enterprises in non-LFC counties may relocate to a neighboring LFC county because
of its “friendliness” for livestock operations. Real per capita income and presence of ethanol plants
in the county and neighboring counties do not have a statistically significant effect on cattle
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Table 6. Parameter estimates of the DID model

Dependent variables (in logs)

(1) Cattle (3) Share in the total
number (2) Cattle density number of cattle in (4) Cattle per
Independent variables (head) (head/sq. mile) the state (%) capita (%)
Log 2-year average price 0.503* 0.503* 0.719** 0.503*
of cattle
(0.275) (0.275) (0.276) (0.275)
Cattle cycle 0.0190* 0.0190* —0.0123 0.0190*
(0.0103) (0.0103) (0.0104) (0.0103)
Log 2-year average price 0.0869* 0.0869* —0.0585 0.0869*
of corn
(0.0458) (0.0458) (0.0461) (0.0458)
Log real per capita income —0.0553 —0.0553 —0.0255 —0.0553
(0.0399) (0.0399) (0.0401) (0.0399)
Log of population density —1.011* —1.011* —0.960* —2.011***
(0.548) (0.548) (0.554) (0.548)
Ethanol plant 0.0258 0.0258 0.0216 0.0258
(0.0311) (0.0311) (0.0309) (0.0311)
Ethanol plant in neighboring —0.0518 —0.0518 —0.0549 —0.0518
counties
(0.0378) (0.0378) (0.0378) (0.0378)
LFC 0.0335 0.0335 0.0311 0.0335
(0.0288) (0.0288) (0.0287) (0.0288)
LFC in neighboring counties —0.0455* —0.0455* —0.0529** —0.0455*
(0.0232) (0.0232) (0.0233) (0.0232)
Constant 11.43*** 4,904 —0.806 4,904
(1.360) (1.360) (1.370) (1.360)
Observations 1,581 1,581 1,581 1,581
Number of counties 93 93 93 93
R? 0.109 0.109 0.108 0.220

DID, difference-in-difference; LFC, Livestock Friendly County.
Notes: Robust standard errors in parentheses. Due to space limitation, the coefficients on county fixed effect are not presented here.
***P <0.01, **P <0.05, *P <0.1.

industry expansion/contraction. As for the effect of the LFC designation, our variable of interest,
the evidence from our sample is not sufficient to conclude that the designation had any effect on
cattle industry expansion statewide under all of the four model specifications. Stated differently,
we find no significant statewide effect of the LFC designation on both the intensive and extensive
margins of the state’s cattle industry.

However, an examination of Figures 1 and 2 reveals that some of the state’s Crop Reporting
Districts (CRDs) have very few counties designated as LFC. For example, of the 16 counties in the

SFollowing suggestions by reviewers, we also estimated the model using the Omaha price instead of the state price of corn,
the price of dried distilled grain, and interest rates. The results presented in this paper are robust across all specifications even
with the inclusion of the variables suggested by the reviewers.
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South Central
Figure 2. Nebraska Crop Reporting Districts (CRDs).

Source: CROPWATCH University of Nebraska-Lincoln. Accessed from https://cropwatch.unl.edu/2019/crop-disease-
reports-unl-diagnostic-clinic

north-central CRD, only three counties have LFC designation. Similarly, of the 10 counties in the
south-central CRD, three are LFC designated. In contrast, most counties in the Northwest,
Southeast, and Northeast CRDs are LFC designated. This pattern clearly shows that the designa-
tion is more concentrated in some parts of the state than others, suggesting that there may be an
interaction between LFC designation and CRDs.

Table 7 presents the estimates with the interaction between LFC and CRDs. Resulting coeffi-
cient estimates and (robust) standard errors are similar to the estimates in Table 6. Again, the
coefficient on LFC is not statistically different from zero in all four models. However, the inter-
action between LFC and CRD turns out statistically significant for CRDs 5 (Central) and 7 (South
Central) irrespective of the dependent variable used. For CRD 1 (Northwest), LEC is significant for
all dependent variables except for the cattle share variable.

Judging by the R* values of the four models, the model with cattle per capita as the dependent
variable is the “best model” if the aim is forecasting, although all the R* values are low across the
board. Since our aim is hypothesis testing with a focus on the LFC designation, low R? values are
not a serious concern. Also, given that most of the coefficient estimates are similar across the four
models, either model can be used to measure the partial effect on the dependent variables condi-
tioned on LFC by CRD. For that, we need to measure the marginal effects.

Table 8 presents for each CRD, their ID number, CRD name, the ratio of the number of LFC-
designated counties to all counties in the CRD, and the marginal effects®. Using a 5% significance
level, the estimates in the fourth column indicate that the LFC designation has a statistically sig-
nificant and positive impact on cattle numbers in counties comprising the Central and South
Central CRDs in the order of 12.8% and 19.7%, respectively’. The corresponding percentage
increases in cattle density and cattle per capita are similar. This means that the LFC designation

®Given that CRDs are the indicator variables, the marginal effects of each CRD on outcome variables are calculated by
taking CRD 8 as the base case. Therefore, the coefficient of LFC is equal to the marginal effect of LFC designation
of CRD 8 on the outcome variables. The marginal effects of other CRDs are calculated as the sum of the coefficients of
LFC and CRD “X”*LFC in Table 7. For example, the marginal effect of CRD 1 is the summation of the coefficients
of LFC and CRD1*LFC. The marginal effects presented in Table 8 are the total effects of the CRDs relative to CRD 8.

’Given that both LFC and CRD variables are dummy variables and the outcome variables are in log form, the marginal
effect is transformed into % marginal effect using the relation (1 — exp (aggregate coefficient value)).
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Table 7. Parameter estimates of the DID model with interaction between LFC and CRDs

Dependent variables (in logs)

(1) Cattle (3) Share in the total
Number (2) Cattle density number of cattle in (4) Cattle per
Independent variables (head) (head/sq. mile) the state (%) capita (%)
Log 2-year average price 0.486* 0.486* 0.704** 0.486™
of cattle (0.278) (0.278) (0.279) (0.278)
Cattle cycle 0.0202* 0.0202* —0.0111 0.0202*
(0.0107) (0.0107) (0.0108) (0.0107)
Log 2-year average price of corn 0.0818* 0.0818* —0.0632 0.0818*
(0.0457) (0.0457) (0.0460) (0.0457)
Log real per capita income —0.0567 —0.0567 —0.0265 —0.0567
(0.0384) (0.0384) (0.0386) (0.0384)
Log of population density —1.023* —1.023* —0.971* —2.023***
(0.564) (0.564) (0.570) (0.564)
Ethanol plant 0.0274 0.0274 0.0232 0.0274
(0.0299) (0.0299) (0.0298) (0.0299)
Ethanol plant in neighboring —0.0573 —0.0573 —0.0604 —0.0573
counties (0.0379) (0.0379) (0.0379) (0.0379)
LFC —0.0474 —0.0474 —0.0445 —0.0474
(0.0582) (0.0582) (0.0576) (0.0582)
LFC in neighboring counties —0.0444* —0.0444* —0.0519** —0.0444*
(0.0240) (0.0240) (0.0242) (0.0240)
CRD 1*LFC 0.126* 0.126* 0.120 0.126*
(0.0736) (0.0736) (0.0731) (0.0736)
CRD 2 * LFC 0.0377 0.0377 0.0312 0.0377
(0.0857) (0.0857) (0.0854) (0.0857)
CRD 3 *LFC 0.0402 0.0402 0.0342 0.0402
(0.0937) (0.0937) (0.0933) (0.0937)
CRD 4 * LFC 0.0857 0.0857 0.0786 0.0857
(0.0967) (0.0967) (0.0977) (0.0967)
CRD 5* LFC 0.168** 0.168** 0.159** 0.168**
(0.0680) (0.0680) (0.0667) (0.0680)
CRD 6 * LFC 0.0745 0.0745 0.0693 0.0745
(0.0793) (0.0793) (0.0784) (0.0793)
CRD 7* LFC 0.228*** 0.228*** 0.217*** 0.228***
(0.0641) (0.0641) (0.0644) (0.0641)
Constant 11.54*** 5.019*** —0.701 5.019***
(1.353) (1.353) (1.364) (1.353)

(Continued)
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Table 7. (Continued)

Dependent variables (in logs)

(1) Cattle (3) Share in the total

Number (2) Cattle density number of cattle in (4) Cattle per
Independent variables (head) (head/sq. mile) the state (%) capita (%)
Observations 1,581 1,581 1,581 1,581
Number of counties 93 93 93 93
R? 0.126 0.126 0.123 0.235

DID, difference-in-difference; CRD, Crop Reporting Districts; LFC, Livestock Friendly County.
Notes: Robust standard errors in parentheses. Due to space limitation, the coefficients on county fixed effect are not presented here.
***p <0.01, **P <0.05, *P <0.1.

Table 8. Marginal effects

Ratio of LFC (1) Cattle (2) Cattle (3) Share in
CRD counties to all numbers density state cattle (4) Cattle per
number CRD name counties (head) (head/sqg. mile) numbers (%) capita (%)
1 Northwest 10/11 0.0786* 0.0786* 0.0755 0.0786*
(0.0476) (0.0476) (0.0474) (0.0476)
2 North Central 2/16 —0.00973 —0.0097 —0.0133 —0.0097
(0.06555) (0.0655) (0.0655) (0.0655)
3 Northeast 7/13 —0.0072 —0.0072 —0.0103 —0.0072
(0.0759) (0.0759) (0.0758) (0.0759)
4 Southwest 5/9 0.0383 0.0383 0.3406 0.0383
(0.0789) (0.0789) (0.807) (0.0789)
5 Central 4/8 0.121** 0.121** 0.1149** 0.121**
(0.0475) (0.0475) (0.0464) (0.0475)
6 East Central 9/16 0.0271 0.0271 0.0249 0.0271
(0.0633) (0.0633) (0.627) (0.0633)
7 South Central 3/8 0.1806*** 0.1806™** 0.1721*** 0.1806™**
(0.0395) (0.0395) (0.0406) (0.0395)
8 Southeast 9/12 —0.0474 —0.0474 —0.0445 —0.0474
(0.0582) (0.0582) (0.0576) (0.0582)

DID, difference-in-difference; CRD, Crop Reporting Districts; LFC, Livestock Friendly County.
Note: Robust standard errors in parentheses.
***p <0.01, **P <0.05, *P <O0.1.

contributed significantly to the intensive and extensive margins of the cattle industry in the two
CRDs. The question is what implications does the result have for the LFC designation? We offer a
couple of hypotheses below.

First, the fact that both CRDs have in place a sizeable preexisting cattle industry, amounting to
32% (Central 20.9% and South Central 11.4%) of all cattle and calves in the state, suggests that
agglomeration economies may be behind the effectiveness of LFC in expanding cattle in Central
and South Central Nebraska. By agglomeration economies, we mean that in addition to the natu-
ral endowments of the region in cattle raising and feeding, cattle production is probably attracted
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by aggregate external benefits known to contribute to external economies, such as shared infra-
structure, availability of suppliers upstream and customers downstream, and a labor pool (Artz,
Kim, and Orazem, 2016). Should that be true, the corollary is that the LFC designation might be a
more effective policy for cattle expansion in counties that are already endowed with the initial
conditions for cattle production and are adjacent to similarly endowed counties. This is in line
with the implications of agglomeration economies for rural industrial development policies in
general. According to Barkley and Henry (1997), policies aimed at expanding industries in areas
that lack agglomeration economies will likely fail to attract new firms.

However, what is curious is that the South Central and Central CRDs have the second and third
lowest number of LFC counties within their boundaries (three out of eight and four out of eight,
respectively (Table 8))%. On the other hand, in CRDs where the impact of LFC is statistically insig-
nificant, the proportion of counties with LFC designation is consistently higher than South
Central and Central CRDs and goes as high as 10 out of 11 counties in the North West.
While this observation does not invalidate the notion of agglomeration economies at the CRD
level, it is suggestive that agglomeration economies may have been exhausted as more counties
join the LFC club within their CRDs.

In sum, while the LFC designation effectively expands cattle numbers by offering benefits to
CRDs with significant livestock production clusters, those benefits are exhausted as more counties
are designated LFC. According to the LFC designation code, designated counties have to devise
livestock development and promotion programs, which require tangible resources. Given this
requirement, future applicants, where most counties in a CRD have the designation, may want
to compare the marginal cost and benefit of LFC designation.

7. Summary and Conclusions

In this paper, we re-examine the impact of the Nebraska LFC program by accounting for the stag-
gered designations of counties between 2005 and 2018 and, in so doing, contribute to the literature
on geographical designations in a setting where units (e.g., cities, counties, states, or countries) are
designated at different points in time. We estimate a fixed effect DID model with staggered treat-
ments for a data panel from 2000 to 2018. Four county-level outcome variables are considered:
cattle numbers, cattle density per square mile, cattle share, and cattle per capita. Control variables
include cattle and corn prices, the cattle cycle, ethanol plants in a county and its neighboring coun-
ties, population density, per capita income, and interaction between LFC and Nebraska crops
reporting districts.

While we fail to reject the hypothesis of no effect of LFC designation statewide, the marginal
effect of the designation on cattle industry expansion is noteworthy for two crop reporting dis-
tricts: Central and South Central. Both CRDs have sizeable preexisting livestock clusters, suggest-
ing that the effectiveness of the LFC designation may have been facilitated by cattle agglomeration
economies. However, compared to other CRDs, the Central and South Central CRDs also have the
second and third lowest number of counties with LFC designation. This raises the question of why
the LFC designation is not effective at expanding livestock production in counties with larger
numbers of counties with LFC designation. We postulate the reason might be that as more coun-
ties within a CRD are designated LFC, agglomeration economies are exhausted, rendering the
designation ineffective in expanding livestock production.

Should such economies exist, one policy implication is that livestock business promotion tools,
such as LFC, might be more effective for expanding livestock production if the whole CRD is
designated as livestock-friendly rather than a single county. CRDs may be more relevant for

8The lowest number of LFC-designated counties is in the North Central CRD. This CRD has the top three beef cows coun-
ties in the U.S. (Cherry, Custer, and Holt), and the CRD is largely cow—calf operation, probably explaining why only two
counties (Holt and Grant) are LFC designated (https://beef.unl.edu/aboutus).
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the manifestation of agglomeration economies than a county. This approach is in line with
research findings, which calls into question the efficacy of blanket, rather than targeted, rural
development policies (Artz, Kim, and Orazem, 2016). However, as more counties adopt the des-
ignation, agglomeration economies may be exhausted, diminishing the designation’s effectiveness.
Since the designation is not costless to counties, as they have to demonstrate a commitment to
livestock production through a concrete program that requires real resources, future applicants in
LFC-crowded CRDs may want to weigh the marginal benefit against the marginal cost of the LFC
designation.

Whether such livestock agglomeration economies exist in Nebraska and elsewhere is an empir-
ical question that is worth addressing in the future. This could prove useful for state and local
decision-makers to evaluate local economic policy impacts ex-ante. The methodology we use
in this paper could also prove useful in evaluating staggered local policy decisions ex-post.
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