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Farm operations in the United States have been exposed to an increased amount of labor-

related risk over the past two decades, both in terms of the labor they demand and the

labor they supply. Farms increasingly face the risk of having their demand for immigrant

labor go unmet, as increased anti-immigrant sentiment in the United States and improv-

ing conditions in their home countries have reduced the incentives for immigrants from

Mexico and Central America to work in the US. On the other hand, off-farm work by at

least one member of the household has become the norm for all but the largest farm oper-

ations. This increased integration with the off-farm or non-farm labor market, driven in

part by growing female labor force participation, has, on the whole, improved the finan-

cial situation of the average farm household, relative to the average non-farm household.

Off-farm income has also been found to be an important determinant of a farm’s ability

to pay off debt.

However, these boons are not without risk: farm finances become more directly inter-

twined with the performance of the economy in general and, crucially, increasingly reliant

on job opportunities being available locally. As rural economies around the country con-

tinue to decline, there are likely to be impacts on the future viability of farm operations,

especially for farms that support their operations with income earned off-farm. Because

those farms tend to be medium-sized operations (either in acres operated or net farm in-

come), they are the farms that will be most affected by increased volatility in the labor

market. Therefore, understanding the impacts of that volatility on farm financial viability



may also give insight into the growing trend of farmland concentration, which may have

its own part to play in the economic decline of rural areas.

Over the same period characterized by increasing rural decline, increasing off-farm

labor market participation, and increasing reliance on an increasingly unreliable immi-

grant labor force, government programs aimed at stabilizing and bolstering farm incomes

have changed dramatically. Rather than cash transfer and direct payment programs, crop

insurance has become the centerpiece of farm support policies. Although crop insurance

protects farms from production risk, anecdotal and theoretical evidence suggests that this

may encourage farmers to take on more financial risk. These increased levels of financial

risk might, in turn, have implications for the amount or kind of labor used on the farm, or

implications for the the extent of the farm household’s participation in the labor market.

Changing farm support policies may cause farmers, or the members of their households,

to substitute time spent on off-farm employment with an increased presence on-farm, or

vice versa.

Given this situation, it is important to understand the impacts that these areas of in-

creased risk have on farms’ more short-term, day-to-day operating decisions as well as

on their financial decisions that affect their longer term prospects. Although farm op-

erations today are more reliant on the off-farm labor market than ever before, academic

or policy-oriented research on the nature of this link has not kept pace with advances

in empirical estimation techniques from the general labor economics literature. These

estimation strategies can be applied to farm-level data, which include detailed records

of labor demanded by the farm and the hours supplied by different members of the farm

household to the non-farm economy. Together, these causal results yield valuable insights

on the farm level impact of changes in the labor market.

The three essays in this dissertation each address a different facet of the implications

of increased on-farm risk. Chapter I, ”Behind Every Farmer: Off-farm labor and farm



viability,” speaks to how changes in the off-farm work opportunities for the farm opera-

tor and his spouse differentially affect the amount and kind of debt taken on by the farm

business or farm household. The estimation strategy relies on the spatial dispersion of

growing and shrinking job opportunities for men and women, driven by increased im-

port competition from China over the past two decades. These results are important for

understanding the extent to which farms need robust, thriving rural economies; they have

implications for both farm and rural policy, which may be more and more interconnected

in the future. Next, Chapter II addresses how the increased use of Federal crop insurance

(FCI) has increased farms’ use of short-term debt. This work is well-positioned to be ex-

tended to analyze how that increased short-term debt is being used on farm: for example,

whether it encourages a increase in the capital-to-labor ratio or reduces the need for off-

farm income. The third and final chapter examines the implications of an increasingly

volatile supply of labor to the farm by looking at how local immigration enforcement

causing labor supply shocks impacts farms’ operating decisions. Counties with programs

that allowed for increased enforcement of immigration laws operated fewer acres and had

fewer workers. Additionally, the results suggest that the ability to substitute for this class

of worker, either with machinery or native workers, is limited. American farm operations

require access to a stable immigrant labor force in order to ensure expanded operations

in the face of global population and income growth.



BIOGRAPHICAL SKETCH

Margaret Jodlowski began the Ph.D. program in the Dyson School of Applied Economics

and Management in 2014. Prior to coming to Cornell University, she received her Mas-

ters of Science in Agricultural and Applied Economics from the University of Illinois at

Urbana-Champaign. She also attended Illinois as an undergraduate, receiving a Bach-

elor of Science in Agricultural and Consumer Economcics with Highest Honors and a

Bachelor of Arts in History, cum laude and with Highest Distinction. Her research focuses

on agricultural issues both domestically and internationally, with a specific emphasis on

farm labor and farm household dynamics.

iii



To Brad and all our long ways,

and to Grandpa, the original road warrior

iv



ACKNOWLEDGEMENTS

I would like to start by thanking my special committee: Jennifer Ifft, David Just, and

Christopher Boone. To Chris Boone, for always having time to catch up, not only about

my research but about my life, and for your great sense of humor. To David Just, for your

clear-eyed and candid advice from the early stages of my graduate career that helped

guide me to the path I am on today. And last, but certainly not least, to my advisor and

committee chair, Jenny, for dealing with our incredibly close (literally!) working situation

with flexibility, understanding, and the best of humor. You have been the ideal model of

a generous and inspiring advisor.

In addition to my committee, I would not be the researcher and presenter I am today

without the advice and suggestions from a host of people, including Christopher Barrett,

Daniel Bigelow, Brian Dillon, Amanda Eng, Maulik Jagnani, Christina Korting, Linden

McBride, Matthew McGranaghan, Andrew Novakovic, Evan Riehl, Shiuli Vanaja, and

seminar participants from across Cornell University. The conversations we had helped

sharpen my understanding of policy, economics, and everything in-between. I am also

grateful to my first year cohort and study group for their support, both academic and

moral, and especially, because I can’t make it all alone, to Jason Somerville, for never

being wrong.

I gratefully acknowledge financial support provided to me over the six years of my

Ph.D. by the African Development Bank, the Cornell University Graduate School, the

Dyson School of Applied Economics and Management, the Environmental Defense Fund,

the United States Department of Agriculture, and the World Bank. The conclusions of

this research do not necessarily reflect the opinions or official position of any of these

institutions or agencies.

I would like to extend a special note of gratitude to my Crane Irish Dance family for

v



helping me follow my dreams and achieve my wildest goals outside of academia while at

Cornell. A special thank you to Jesse Hoselton for her unshakeable belief and unending

support, to Morgan, Haley, and Cat, for the long laughs and deep talks, and to all the

dancers and parents, who let me share my love of dance with them.

To my family, immediate, extended, and especially Rick Thompson, Ellen Bachman,

Grandma K, and my sisters and sister-in-law Eileen, Katherine, and Myra: your love and

support are everything. Last, to my parents, Joe and Noreen, for being my first teachers.

No one could have done it better. As before, all I can say to all of you is: Thank you. I

love you.

Finally, to Brad: I am grateful. Thank you for everything.

vi



TABLE OF CONTENTS

Biographical Sketch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iii
Dedication . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iv
Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . v
Table of Contents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vii
List of Tables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ix
List of Figures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xi

1 Behind Every Farmer: Off-farm labor and farm viability 1
1.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.2 Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
1.3 Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

1.3.1 Dependent variables . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
1.4 Empirical strategy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
1.5 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

1.5.1 Estimation results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
1.5.2 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

1.6 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

2 Crop Insurance and Agricultural Credit Use 40
2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
2.2 Conceptual framework . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

2.2.1 Crop insurance and lending decisions . . . . . . . . . . . . . . . . . . 45
2.2.2 Crop insurance and producer credit decisions . . . . . . . . . . . . . 48
2.2.3 Potential impacts on observed debt levels . . . . . . . . . . . . . . . . 49

2.3 Data and empirical methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
2.3.1 Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
2.3.2 Empirical model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

2.4 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68
2.4.1 Panel models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
2.4.2 Stratified sample analysis . . . . . . . . . . . . . . . . . . . . . . . . . 73
2.4.3 Robustness checks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
2.4.4 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80

2.5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82

3 Is ICE Freezing US Agriculture? Farm-level Adjustment to Increased Local Im-
migration Enforcement 86
3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86

3.1.1 Labor supply shocks and endogenous technical change . . . . . . . . 90
3.1.2 Immigrant labor and the farm economy . . . . . . . . . . . . . . . . . 91
3.1.3 The 287(g) program . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92

3.2 Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95

vii



3.2.1 Farm survey data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95
3.2.2 County-level farm survey data . . . . . . . . . . . . . . . . . . . . . . 96
3.2.3 Immigration enforcement data . . . . . . . . . . . . . . . . . . . . . . 96

3.3 Empirical model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98
3.3.1 OLS model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
3.3.2 Instrumental variable strategy . . . . . . . . . . . . . . . . . . . . . . 103

3.4 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113
3.4.1 Main results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117
3.4.2 Robustness checks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120
3.4.3 Standard errors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135
3.4.4 Additional measures of 287(g) impact . . . . . . . . . . . . . . . . . . 136

3.5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139

A Chapter 1 of appendix 143

B Chapter 2 of Appendix 144
B.1 Additional results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 144
B.2 Full results and summary statistics . . . . . . . . . . . . . . . . . . . . . . . . 147

C Chapter 3 of appendix 173
C.1 Figures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 173
C.2 Summary statistics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 180
C.3 Additional results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 187

viii



LIST OF TABLES

1.1 Farm operator wages and hours worked, on- and off-farm . . . . . . . . . . 15
1.2 Farm spouse wages and hours worked, on- and off-farm . . . . . . . . . . 15
1.3 Farm and household characteristics, by spousal off-farm work status . . . . 18
1.4 Operator and spouse individual characteristics, by spousal off-farm work

status . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
1.5 Farm and household debt, by spousal off-farm work status . . . . . . . . . 25
1.6 Off-farm import pressure and measures of off-farm labor participation . . . 32
1.7 Off-farm income shocks and farm debt . . . . . . . . . . . . . . . . . . . . . 34
1.8 Off-farm income shocks and household debt . . . . . . . . . . . . . . . . . . 35
1.9 Off-farm income shocks and financial indicators . . . . . . . . . . . . . . . . 36

2.1 Summary statistics: Cross section by insurance status . . . . . . . . . . . . . 56
2.2 Summary statistics: Panel by insurance status . . . . . . . . . . . . . . . . . 59
2.3 Farm panel results: Pooled OLS with farm FE . . . . . . . . . . . . . . . . . 70
2.4 Instrumental variable model . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
2.5 Stratified sample analysis: Pooled OLS with farm FE . . . . . . . . . . . . . 74
2.6 Coverage rate results: 2014 cross section . . . . . . . . . . . . . . . . . . . . 77

3.1 Summary statistics: Farm production variables, pre-287(g) . . . . . . . . . . 100
3.2 Impact of 287(g) authorization on production decisions: OLS . . . . . . . . 115
3.3 Impact of 287(g) authorization on production decisions: 2SLS . . . . . . . . 118
3.4 Impact of 287(g) authorization: 2SLS with jail renovations IV . . . . . . . . 121
3.5 Impact of 287(g) enforcement levels: Aliens identified, 2SLS . . . . . . . . . 123
3.6 Impact of 287(g) program application denial on production decisions: 2SLS 126
3.7 Impact of 287(g) program application (denied and accepted) on produc-

tion decisions: 2SLS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 128
3.8 Impact of 287(g) authorization: 2SLS without very urban counties . . . . . 130
3.9 Census placebo test: Authorization moved 5 years earlier, 1997-2007 . . . . 133

A.1 Data sources for import penetration measure . . . . . . . . . . . . . . . . . . 143

B.1 Farm cross section results: OLS . . . . . . . . . . . . . . . . . . . . . . . . . . 145
B.2 Farm panel results: Pooled OLS . . . . . . . . . . . . . . . . . . . . . . . . . 146
B.3 Full ARMS cross section and restricted cross section . . . . . . . . . . . . . . 148
B.4 Full results: OLS with cross-section and premium paid . . . . . . . . . . . . 150
B.5 Full results: OLS with cross-section and acres enrolled dummy . . . . . . . 153
B.6 Full results: Pooled OLS with panel and premium paid . . . . . . . . . . . 156
B.7 Full results: Pooled OLS with panel and acres enrolled dummy . . . . . . . 157
B.8 Full results: Pooled OLS and farm FE with panel and premium paid . . . . 158
B.9 Full results: Pooled OLS and farm FE with panel and acres enrolled dummy

159
B.10 Full results: 2SLS with panel and county FE . . . . . . . . . . . . . . . . . . 160

ix



B.11 Full results: 2SLS with panel and state FE . . . . . . . . . . . . . . . . . . . 161
B.12 Full results: OLS with coverage rate and 2014 cross section . . . . . . . . . . 162
B.13 Full summary statistics: Cross section . . . . . . . . . . . . . . . . . . . . . . 164
B.14 Cross section summary stats and insurance status: 2004 . . . . . . . . . . . 166
B.15 Cross section summary stats and insurance status: 2013 . . . . . . . . . . . 168
B.16 Panel variables: 2004 insurance status . . . . . . . . . . . . . . . . . . . . . . 170
B.17 Panel variables: 2013 insurance status . . . . . . . . . . . . . . . . . . . . . . 171
B.18 OLS relationship between IV (weberiv op) and dependent variables . . . . 172

C.1 Summary statistics: 287(g) participation and jail occupancy . . . . . . . . . 180
C.2 Summary statistics: County typology comparison between 287(g) and non-

287(g) counties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181
C.3 Summary statistics: Jail construction and renovation . . . . . . . . . . . . . 182
C.4 Summary statistics: Production outcomes by availability of jail renovation

data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 183
C.5 Summary statistics: Crime rate comparison between agriculture-dependent

and non-dependent counties . . . . . . . . . . . . . . . . . . . . . . . . . . . 184
C.6 Summary statistics: Acres harvested, pre-287(g) . . . . . . . . . . . . . . . . 185
C.7 Summary statistics: Financial indicators, pre-287(g) . . . . . . . . . . . . . . 186
C.8 Reduced form estimates: impact of jail occupancy on production decisions 188
C.9 2SLS First stage: jail occupancy and renovations . . . . . . . . . . . . . . . . 189
C.10 Impact of 287(g) authorization on acreage decisions: OLS . . . . . . . . . . 190
C.11 Reduced form estimates: impact of jail occupancy on acreage decisions . . 191
C.12 Financial impact of 287(g) authorization: OLS . . . . . . . . . . . . . . . . . 192
C.13 Reduced form estimates: financial impact of jail occupancy . . . . . . . . . 193
C.14 Impact of 287(g) authorization: 2SLS with jail occupancy and renovations

IVs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 194
C.15 Impact of 287(g) enforcement levels: Aliens departed, 2SLS . . . . . . . . . 195
C.16 Impact of 287(g) authorization: counties with 287(g) programs in cities

dropped, 2SLS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 196
C.17 Impact of 287(g) authorization: control for county population . . . . . . . . 197
C.18 Impact of 287(g) authorization: Treatment status randomly assigned to

non-treated counties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 198
C.19 Impact of 287(g) authorization: Treated counties randomly dropped . . . . 199
C.20 Impact of 287(g) authorization: All counties in control, 2SLS . . . . . . . . . 200
C.21 Impact of 287(g) authorization: 2SLS with ERS region clustered S.E. . . . . 201
C.22 Impact of 287(g) authorization: 2SLS with State clustered S.E. . . . . . . . . 202
C.23 Impact of 287(g) authorization: 2SLS with County cluster SE . . . . . . . . 203
C.24 Impact of 287(g) authorization: 2SLS with Spatial SE . . . . . . . . . . . . . 204
C.25 Impact of 287(g) authorization on farm acreage decisions: 2SLS . . . . . . . 205
C.26 Impact of 287(g) authorization on financial indicators: 2SLS . . . . . . . . . 206

x



LIST OF FIGURES

1.1 Average annual off-farm income . . . . . . . . . . . . . . . . . . . . . . . . . 17
1.2 Labor force participation rate . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
1.3 Average farm work hours per week . . . . . . . . . . . . . . . . . . . . . . . 21
1.4 Average off-farm work hours per week . . . . . . . . . . . . . . . . . . . . . 22

3.1 Counties with a 287(g) program . . . . . . . . . . . . . . . . . . . . . . . . . 97

C.1 U.S. jail occupancy, 2005-2006 . . . . . . . . . . . . . . . . . . . . . . . . . . . 174
C.2 Moran’s I rejects spatial correlation for jail occupancy . . . . . . . . . . . . . 175
C.3 287(g) counties were investing more in local jails since 1996 . . . . . . . . . 176
C.4 U.S. jail renovations, 1997-2006 . . . . . . . . . . . . . . . . . . . . . . . . . . 177
C.5 Counties with the 287(g) program and those classified as agriculture-dependent178
C.6 Housing values followed a similar trend in program and border counties . 179

xi



CHAPTER 1

BEHIND EVERY FARMER: OFF-FARM LABOR AND FARM VIABILITY

1.1 Introduction

Agricultural production alone is no longer a viable occupation for all but the largest

farms. Operators are reliant, to varying degrees, on income earned off the farm, in or-

der to sustain both the farm business and the farm household, linking farm operations

to the broader non-farm economy. These jobs “in town” are necessary for farm survival,

and consequently, off-farm work has become a mainstay of US farm households. Indeed,

without off-farm work, most farms would not be able to service their household (i.e., farm

and non-farm) debt, as the farm debt repayment capacity utilization ratio (DRCU) for all

but the largest farms has consistently averaged above 100% since 1998 (Briggeman, 2011).1

In addition, off-farm work is credited with closing the income gap between the median

farm and non-farm household; although both have trended upward, median farm house-

hold income has been higher than median non-farm household income since 1998 (Brown

et al., 2013). Further, the necessity of off-farm income and the structure of most farm

households lends a gendered component to the decision to work off-farm. Since 1996, the

percent of farms with a male primary operator has remained constant at 95%, flouting

trends of increasing female representation in traditionally male-dominated sectors over

the same time period (Goldin, 2014). Therefore, it is often the farm spouse, who is female

whenever the primary operator is male, who takes on an off-farm job, working “in town”

to earn the income that is necessary for the continued operation of the farm business and

for the maintenance of the farm household. As discussed below in section 3, these farm
1DRCU is calculated as the ratio of a farm household’s total outstanding debt over the maximum amount of

debt it can afford to repay, given current levels of assets and income.
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spouses conform to many of the trends in female labor force participation documented

by Goldin (2014) and others for the last two decades, including increased participation

over time and increased earnings over time, although a gender wage gap between farm

operators and farm spouses does persist.

Despite the existing body of exploratory work into the importance of off-farm income,

its causal impact on farms’ operational or financial characteristics remains unknown. To

date, no study has been able to link off-farm income over time to measures of farm fi-

nancial viability. In addition to estimating the causal impact of off-farm income on these

measures, which include the DRCU, the debt-to-asset ratio, and total volume of debt, this

paper also explores whether there are differential effects of off-farm income when it is

earned by the farm spouse rather than the operator. Shocks to male employment in an

area, either through changing job opportunities or income earning potential, affect the

operator but not his spouse, and vice versa.

By examining the income earned by the farm spouse separately from the off-farm in-

come earned by the operator, this question engages with a literature based on research

from less developed countries which identifies that women and men spend income dif-

ferently and documents those differences (Blumberg, 1988). Although the context differs

greatly, it is reasonable to assume that differences may exist in an advanced agricultural

economy like the United States. The “primary operator” designation itself may help mo-

tivate these differences, if, for example, it causes the household to think of the income he

earns as supplementing the farm business and the income the spouse earns as supporting

the household. In this case, the farm business may experience more financial strain when

male work opportunities decline.

In addition to allocating their earned income differently, there is a well-established

2



literature that acknowledges the different ways women and men participate in and are

compensated by the labor market in the US. Female labor force participation is more vari-

able, both across women and within individual women over time (Fogli and Veldkamp,

2011), more likely to be impacted by the earnings of her spouse (Mincer, 1962), and more

likely to be responsive to fertility decisions (Bloom et al., 2009). In addition, while female

labor force participation has been increasing dramatically since the start of the last cen-

tury (Heath and Jayachandran, 2016), the gender wage gap has remained pervasive (Blau

and Kahn, 2017).

The implications of the gender wage gap has never been explored for farm households

in the US, despite the widespread labor force participation by farm spouses, which is

often coupled with non-participation by farm operators. The financial penalties farm

households assume as a result of the gender wage gap speak to both the important, non-

monetary benefits to identifying as a farmer as well as to the social construct of the farm

family. Estimates of these penalties, and their implications for the rural economy, are

provided and discussed in section 5.2.

This paper is the first to causally estimate the role that off-farm income plays in the

continued financial viability and production capacity of US farms. In doing so, I connect

the agricultural risk literature with the extensive literature on labor force participation,

especially female labor force participation. Finally, this work identifies off-farm income as

one very important channel connecting farm households to the state of the rural economy,

and quantifies that importance. Although future work is needed to estimate how off-farm

income interacts with other aspects of a farm’s risk management strategy, I highlight how

important the state of the non-farm economy is for agricultural households in the US.

This importance will only grow as “rural decline” continues to receive attention in the

popular press.
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The remainder of the paper proceeds as follows. Section 2 provides background on off-

farm labor in the US, including early conceptual models of the decision to work off-farm

and empirical work on the correlates of off-farm labor participation. Section 3 describes

the data, and describes the nature of off-farm work decisions for farm households in the

ARMS sample, including trends over time. Section 4 describes the empirical methods

used to elicit causal estimates of the impact of off-farm income. Results appear and are

discussed in section 5, and section 6 concludes.

1.2 Background

The earliest conceptual models of off-farm work in the United States have either failed to

consider, or been unable to consider, the differences between the labor supplied off-farm

by the primary operator and by his spouse. Early theoretical models of household off-

farm labor allocation considered each household member to be identical, with identical

preferences over farm work, off-farm work, and leisure (Huffman, 1980). In addition to

this simplification, these models also relied on some unrealistic and untenable assump-

tions, including perfect flexibility in the off-farm labor market and no non-monetary ben-

efits to work.

The work of Huffman and Lange (1989) provides a theoretical model of the intra-

household bargaining system that farm households undertake when making off-farm

work decisions. Their work advances earlier models by including non-negativity con-

straints on off-farm hours, which previous work, including Huffman (1980), failed to in-

clude. Despite this advancement, their work fails to consider differential levels of access

men and women have to labor markets, especially in rural areas. Further, their theoret-
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ical model of off-farm labor supply fails to consider that some women (and men) might

derive utility from off-farm work, as well as other developments from the “work as em-

powerment” literature that has been developed over the last few decades. Their findings

on the determinants of off-farm work are not surprising, and highlight the role of human

capital accumulation in influencing these decisions.

In cases where the operator and his spouse’s off-farm work are considered separately,

authors tend to treat the spouse’s decision as identical to the operators’, ignoring a wide

body of literature on the mechanics of intra-household bargaining, as well as studies that

model differences between how men and women access, participate in, and are compen-

sated in the labor market. In fact, El-Osta et al. (2008) even says, “increasing access to

off-farm job opportunities...is likely to be more important for husbands than for wives,

in terms of both participation and earnings potential.” However, data these authors use

show that wives work off-farm at a rate almost double that of husbands, when only one

partner works off-farm.

Farm income, and its volatility, is therefore intrinsically linked to household structure:

farm households where the operator does not have a spouse have more variable income,

and the mediating channel for this relationship is likely off-farm income. Off-farm work

has long been understood to be a component in a farm’s risk management strategy, as the

variability of farm income has been found to have a significant relationship with off-farm

labor supply in early empirical work (Mishra and Goodwin, 1998), (Serra et al., 2005).

Farm household income variability has been the target of government programs since the

beginning of the 20th century, with the most recent example being the Agricultural Act of

2014. Farm household income is so volatile because the income earned from agriculture is

highly variable: one study of large-scale commercial farms found that the between-year

change in farm income was about 180% of the median farm income (Key et al., 2017).
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Studies that have looked at the relationship between off-farm labor and government

programs in particular often struggle with identification in light of the endogeneity be-

tween the decision to work off farm and the amount of government payments received.

El-Osta et al. (2008) addressed this endogeneity using the Smith-Blundell two-step esti-

mator, and determined it was only “fairly successful.”2 They find a negative and signifi-

cant relationship of government payments on the likelihood of just the husband working

off-farm and of both spouses working off farm. These results provide some preliminary

evidence that government payments are a substitute for the off-farm income of the pri-

mary operator.

However, the same relationship does not exist for households where the only off-farm

wage earner is the wife: an increase in expected payments actually increases the likeli-

hood of just the wife working off-farm. The authors attribute this to the higher depen-

dence on farming among households with this off-farm work strategy. The wife’s ed-

ucation level and household size have the expected relationship (positive and negative,

respectively) on the likelihood of the wife working off farm. Using a sample from Canada,

Poon and Weersink (2011) find that government payments have a significant and positive

relationship with the variability of off-farm income, showing that government payments

could be a substitute risk management option for off-farm work. The increase in variabil-

ity indicates a possible decrease in full-time off-farm work associated with government

payments for these farms (Poon and Weersink, 2011).

Serra et al. (2005) find similar results on the relationship between government support

and off-farm labor decisions, using the 1996 farm policy reform that introduced fixed,

decoupled payments into the suite of US government farm support as a plausibly exoge-

2See Smith and Blundell (1986), Rivers and Vuong (1988), and Wooldridge (2010), pp. 472-77 for more
information on this estimation strategy.
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nous policy change. However, the decreased likelihood of off-farm labor was potentially

counterbalanced by an increased revealed aversion to risk, which in turn was related to

increased off-farm labor participation. Overall, Serra et al. (2005) conclude that the re-

forms’ net effects were small. Because of data limitations, these authors are only able to

observe the extensive margin of off-farm work by any family member: a dummy variable

equal to 1 if any household member reports off-farm work.

One possible means of addressing this endogeneity would be to use changes in levels

of access to health insurance, as one of the many reasons an operator or his spouse chooses

to work off-farm is to receive health insurance for the farm family. Farm household mem-

bers receive insurance from different sources than the general population, although the

percentage receiving health insurance from their employer is roughly the same in each

group (57.0% of farm households and 59.7% of non-farm households). However, in 2006,

9.1% of non-farm individuals purchased insurance directly, while 20.8% of farm house-

hold members did. On the flip side, farm household members are less likely to receive

health insurance from government programs (18.5%) than are members of the general

non-farm population (27.0%) (Mishra et al., 2012). Mishra and Chang (2012) used the

theoretical framework of Huffman and Lange (1989) to estimate the relationship between

off-farm work and health-related expenditures and found that off-farm work is associated

with significantly lower health care expenditures.

Over time, changes in tax policy also changed the incentives around self-employment,

including farming. For example, changes in the deductability of health insurance pre-

miums for the self-employed, brought about by legislation, increased the probability of

self-employment both extensively and intensively (Heim and Lurie, 2010). More recently,

changes to the country’s health care system enacted by the Affordable Care Act (ACA)

changed the possible sources of health insurance for some farm households. Expansions
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to Medicaid, in the states that elected to do so, made some households eligible, while

the individual marketplace changed the incentives to work off-farm primarily for health

insurance. Additionally, provisions in the ACA requiring employers of a certain size to

provide health insurance for their employees may have impacted the structure and labor

use decisions of the country’s largest farms (Ahearn et al., 2014). In their paper, Ahearn

et al. (2014) identify the farms that would be implicated by the ACA expansion, using

data from 2011 prior to the bill’s passage and relying on the assumption that farm charac-

teristics would be somewhat constant. They find that 17% of farm families in 2011 would

be eligible for Medicaid under the expansion, with roughly half of these farms located in

states that elected to expand.

The research by Mishra, Ahearn and others indicates the non-monetary benefits of off-

farm work, including access to group health insurance coverage, play a significant role in

determining whether a household member works off-farm and the extent to which s/he

does so. These authors also find significantly higher retirement savings for farm house-

holds who participate in more off-farm work, likely through the mechanism of company

supported retirement savings systems, such as pensions and 401(k)s. Another possible

way to exogenously identify these effects would be to use changes in the characteristics of

the local labor market. Work by Alasia et al. (2009) has shown a significant association be-

tween local economic conditions and the likelihood of off-farm labor provision. Because

trends in agricultural production tend to be decoupled from general economic trends,

under some circumstances it is possible that changes in the local economy increased the

likelihood of off-farm employment without affecting other on-farm production or finan-

cial decisions.

Using data from the 2010 Agricultural Resource Management Survey (ARMS), Brown

et al. (2013) provide a descriptive analysis of the nature of off-farm work by both farm
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operators and, uncommon for this literature, their spouses as well. Because 2010 was the

first year ARMS asked respondents about the specific occupation, rather than the indus-

try, in which farm operators and their spouses worked, the authors use this information

to highlight important complementarities between the current nature of farm manage-

ment and the kinds of work operators and their spouses perform off-farm. Specifically,

given the high levels of human capital required to manage a large farm, Brown and We-

ber predict that farm operators’ off-farm jobs will be high skill, which would help explain

the increase in median farm household income relative to the general population since

1998. These predictions are born out in the data: farm operators and spouses worked

in management and professional positions more frequently than the general non-metro,

non-farm population. Across all farm sizes, the most common position for a farm opera-

tor or his spouse was in a management or professional occupation. In another study using

ARMS data, El-Osta (2011) shows that human capital attainment, specifically education,

is an important contributor to a farm’s capacity to generate income, both on and off the

farm. However, El-Osta (2011) use only one year of ARMS data (2006) and are unable

to control for the endogeneity of education in the economic outcome models. This result

supports the findings of earlier work using county-level averages to show that increases

in farmers’ human capital, through education or extension, “directly increases the odds

of their off-farm work”, both at the extensive and intensive margin (Huffman, 1980), a

finding also supported by the work of Alasia et al. (2009).

The importance of off-farm income does decline as farm size increases; off-farm in-

come declines as a share of total farm household income as farm size increases (Brown

et al., 2013). Separate empirical work on a sample of Canadian farmers shows a different,

but related result: 50% of farms classified as “large” or “very large” in their sample were

in the highest off-farm income volatility quintile. These authors suggest that operators
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and their families of large farms use off-farm income to self-insure when farm income is

low (Poon and Weersink, 2011). The negative correlation between farm size and propen-

sity to work off-farm is also found in other empirical work ( (Mishra and Goodwin, 1998),

(Serra et al., 2005)). While there is substantial variation in the occupation of the farm op-

erator across farm sizes, the jobs held by farm spouses do not tend to vary: work in the

education and health care sectors dominates all others, regardless of farm size. The op-

posite is true for hours worked, however: while the hours worked by the farm operator

are relatively constant regardless of the occupation, across all occupations farm spouses

work significantly less as farm size increases. In fact, spouses on farms with $250,000 or

more in sales work an average of only 3.6 hours per week, compared to an average of 26.4

hours per week by spouses on farms with $50,000 or less in sales.

There are significant, systematic differences in work preferences by spouses across

farm sizes, different opportunity costs of time, or some combination of the two (Brown

et al., 2013). In a study examining the household income variability of large-scale com-

mercial operations, Key et al. (2017) find that the off-farm income variability of these

farms is significantly higher than the non-farm income of non-farm households. Off-farm

income is clearly used very differently by farms of different sizes; for the largest opera-

tions, it is used only when necessary to compensate for the variation in farm income. In

years where it is possible for these households to forgo off-farm work, they do so; in other

years, when off-farm work is necessary due to farm income downturns, it is sought out.

The relationship between farm size and off-farm work is especially important given

the well-documented trend of farmland concentration: the farm size distribution is hol-

lowing out in the middle, increasing the proportion of farms that are either small or very

large (MacDonald et al., 2018). This trend has worrying implications for the future viabil-

ity of rural communities and the sustainability of US agriculture. It is crucial, therefore, to
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quantify the importance of off-farm work for US farm households over time, to identify

how these households use off-farm income to manage risk, and to document its interac-

tion with government programs.

1.3 Data

Previous explorations of the relationship between farm-level outcomes and off-farm work

has been limited by two primary empirical challenges: the endogeneity of the off-farm

work decision and poor data availability. Detailed data are needed to capture the gran-

ularity of off-farm work, measuring labor market participation on the intensive margin

through either hours worked or income earned, rather than only capturing the extensive

margin of participating or not. The data requirements on the outcome side are similarly

stringent. For example, data on participation in government programs designed to re-

duce farm income variability can be used to estimate whether off-farm work is used to

smooth farm income across time. Data on receipt of lump-sum sources of farm funding,

on the other hand, can be used to estimate whether off-farm income is instead used to

increase total income.

The USDA’s Agricultural Resource Management Survey (ARMS) is the best available

source for these data. ARMS is the only annual and nationally representative farm survey.

It contains comprehensive information on all aspects of the farm business and household,

including measures of participation in government programs, such as crop insurance, and

an extensive section on the farm businesses’ outstanding loans. Each year, ARMS surveys

roughly 20,000 farms; it has been conducted each year since 1996. Although the data

are cross-sectional, distributional requirements mean that there is a positive relationship
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between farm size and likelihood of appearing in the ARMS sample more frequently over

time. As a consequence, there is a smaller, non-representative sub-sample of farms that

are larger than the average ARMS farm that can be formed into an unbalanced panel.

Weber et al. (2016) provides more detail on the ARMS panel, and how observations in the

panel differ from those in the cross section.

The farms that respond to ARMS are not representative of all farms in the US, using the

USDA’s definition of a farm. They tend to be larger, both in terms of acres operated and

in sales volume. This is reflected in the off-farm work strategy employed by farms in the

sample. Across all years, nearly half (43.4%) of the more than 230,000 farm households

recorded in ARMS with a spouse have neither partner working off-farm.3 That rate of

non-participation in the off-farm labor market is consistent with larger farm operations

that are more likely to be self-sustaining. In contrast, not even 20% of farm operations

have both partners working off-farm in the ARMS sample (19.2%). When just one partner

works off farm, it is much more likely that it is the wife, rather than the primary operator:

among all households, 20.9% have just the wife working off farm, compared to only 9.3%

where it is just the primary operator working off the farm. All together, the farm spouse

works off farm in 45% of households, regardless of what her husband does; the primary

operator works off farm in only 30% of operation-year observations. The strategy where

the wife works off-farm and the primary operator does not is therefore the second most

common off-farm work decision in the ARMS sample, after both spouses not working.

In addition to providing the dependent variables of interest, ARMS also includes im-

portant information on the off-farm labor participation and time use separately for the

3The majority of operations in the sample explicitly state that the primary operator has a spouse: 84.2%
across all years. The highest spouse rate was 90.7% of operations in 1996; the lowest was 77.1% in 2002.
Only the farms that record a spouse explicitly by responding affirmatively to the question “Does the farm
operator have a spouse?” are included in the sample. Note that the question was not asked in 1997.

12



farm operator and, crucially, his spouse. These variables form the set of “first stage”

mechanisms; summary statistics for these variables are reported in table 1.1 for the pri-

mary operator and table 1.2 for the farm spouse. Specifically, ARMS reports the off-farm

income earned, broken down into off-farm wage income and income generated from op-

erating an off-farm business; both of these measures are reported annually. I also observe

the on-farm wage paid to the operator and to the spouse for work they do on-farm. This is

distinct from income generated by the farm business, and is quite noisy; its high variabil-

ity may reflect income smoothing to comply with tax regulations rather than accurately

reflecting the value-added to the farm business. On-farm wage, however, is correlated to

some extent with the number of hours worked on farm. Although the number of paid on-

farm hours worked is very low for both operators and their spouses, the unconditional

mean of on-farm wage and paid farm hours a week is higher than the mean conditional

on off-farm labor market participation.

ARMS also records the hours the operator and his spouse spent working on- and off-

farm, which are depicted over time in figures 1.3 and 1.4, respectively. Time spent off-farm

follows a similar pattern for both spouses, reflecting not only market conditions but also

the changing sample of farms in ARMS. Because different commodities are targeted each

year, it is likely that at least some of these averages are driven by sample compositional

changes, as previous work has shown off-farm work to be more important or more neces-

sary for some operation types than for others. Farm hours are much more stable, relative

to off-farm hours, for both the operator and the spouse. Starting in 2004, the survey in-

cluded a weekly time use section that recorded how each partner spent their time during

an average week. To capture the influence of the farm production cycle, which is highly

seasonal, these questions were asked for each quarter of the year. Within year variation

in off-farm work is an important aspect of understanding the role off-farm income plays
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in the risk management strategy of the farm. This section also split on-farm work into

paid and unpaid time. The final two categories in this section are personal care, which

includes home production activities, and leisure hours. Summary statistics for these mea-

sures are also found in table 1.1. The average farm operator who works off-farm spends

almost 30 hours a week at his job, while putting in similar hours (35.1 hours per week)

doing on-farm work. Farm spouses, on the other hand, spent approximately the same

time doing on-farm work, regardless of whether they held a job off-farm or not. Increas-

ing their off-farm work hours is pulling time away from home production, personal care,

or leisure time, rather than from on-farm work.
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Another important takeaway from these summary tables is that although farm spouses

work more hours on average than their primary operator counterparts, their levels of

compensation are about half those of the primary operator. The average primary oper-

ator with an off-farm job reported more than $37,000 as their annual off-farm income;

the annual earnings of the average farm spouse were slightly more than $20,000. It is

clear from the distributions, however, that the right tail of the primary operators’ earning

distribution is much larger. Figure 1.1, which plots average off-farm income over time,

shows how the average off-farm earnings of the farm operator are much more variable

over time. Given the variability of farm earnings, it is likely that farm operators enter and

leave the labor force frequently, seeking off-farm employment when the farm business

needs shoring up. There does not appear to be a wage penalty for this flexibility: in each

observed year, the average earnings for the primary operator are higher than those of the

farm spouse. Time on the job is certainly not driving the higher earnings: the average pri-

mary operator with an off-farm job worked 28.2 hours per week at it, compared with 31.9

hours per week for the average farm spouse. The difference is even greater when intra-

year variability is taken into account: in a year, the average farm spouse works more

than 200 more hours than the average operator. This belies a nearly $20,000 difference in

compensation levels.
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Figure 1.1: Average annual off-farm income

Tables 1.3 and 1.4 include farm or household characteristics and operator or spouse

individual characteristics, respectively, and highlight important differences between op-

erations with and without a spouse that works off-farm.
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First, operations in which the farm spouse does not work off-farm are larger, reinforc-

ing the idea from the literature that larger farms tend to be more self-sustaining and do

not require the income support from an off-farm job as much as smaller farms. How-

ever, this does not necessarily translate into a more productive operation, as the percent

of acres harvested is significantly greater in operations where the spouse does work off

farm. Unsurprisingly, the average operator in the ARMS sample is in his mid-50s, and

both the operator and the spouse are older for operations without a spousal off-farm job.

Age is certainly an important factor in the decision to work off-farm, especially given that

the average age of a farmer in the United States has been trending up consistently over the

last 50 years (Katchova and Ahearn, 2017). Retirement from farming, even at advanced

ages, is much less common, however: in this sample only 12% of farmers consider them-

selves to be retired. Finally, highlighting their human capital achievements and value to

the farm business, the average farm spouse in the sample has around 25 years of experi-

ence working on a farm. This experience may also drive the off-farm labor participation

decision, as the average years of experience for farm spouses without jobs is six years

higher, indicating important opportunity costs to off-farm employment. Similarly, 35%

of spouses who work off-farm have the highest educational attainment recorded in the

survey (a Bachelor’s degree or more), compared to 23.3% of spouses who do not work off

farm.
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Figure 1.2: Labor force participation rate

Figure 1.3: Average farm work hours per week
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Figure 1.4: Average off-farm work hours per week

1.3.1 Dependent variables

Farm financial sustainability is broad and nebulous concept, and no one measure captures

a farm operation’s potential future viability. This paper focuses on debt loading as one

element of a farm’s financial picture. While farms often use debt as a means to expand

operations, debt loading can also indicate financial stress when a farm’s ability to service

the debt is inhibited. The total value of debt alone, therefore, does not necessarily indicate

reduced viability. The terms of the loans, and an operation’s ability to make payments,

are an important element of that picture (Briggeman et al., 2010). In addition to its rele-

vance for farm finances, debt is an interesting outcome because it is accumulated by both

the farm operation and the farm household. The relationship between farm operational

debt and farm household debt is unknown, as is whether operations consider these two

different kinds of debt separately.

In this paper, I use the total value of farm debt and household debt as the outcomes of
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interest, looking at how shocks to operator and spouse off-farm income changes the debt

structure of US farm operations and households. In addition, I analyze the impact of off-

farm work shocks on the components of farm debt and household debt. On the farm side,

this includes non-real estate long term debt, real estate debt, and short term debt. Short

term debt is defined as loans that have terms of one year or less; often, these are operating

loans that are extended annually to a farmer on the same line of credit year after year. The

average farm in the ARMS sample has more than $250,000 of farm debt, of which more

than half is real estate debt. Household debt is decomposed into the mortgage for the

household’s dwelling, provided it is not owned by the farm operation, loans for other

(non-farm) real estate, loans for any non-farm business, and personal loans. I also include

the amount of debt intended for household purposes that is secured by farm assets as

an outcome of interest; this measure captures one element of a farm household’s ability

and willingness to leverage farm assets to support the household. For the average ARMS

farm, a little more than 20% of a household’s $75,000 of household debt is secured by farm

assets.

Finally, as mentioned above, the volume of loans alone is not meaningful: high loan

levels are not problematic if the operation is able to serve them with its current income.

In order to capture the potential financial stress of an operation’s current loan burden, the

final set of outcomes includes measures of loan repayment capacity. The first is the farm’s

leverage, or debt-to-asset ratio, one measure of a farm’s long run financial solvency. Al-

though some positive amount of leverage may be optimal, concerns for solvency arise

when leverage increases to the point of potential farm equity loss. The average debt-to-

asset ratio of an ARMS farm is 0.20, indicating the high level of asset holdings of these

operations, especially relative to the average USDA-defined farm. The other two mea-

sures considered in this section are the maximum feasible debt repayment capacities at
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10% and 7.5% interest. These measures approximate the maximum amount of debt a farm

operation could expect to repay given its current assets and revenue. It is calculated by

the USDA-ERS and reported in the ARMS data.
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1.4 Empirical strategy

As discussed above, the second barrier to estimating the direct impact of off-farm work

on farm fiancial decisions is the endogeneity that comes from the simultaneity of the

decision to work off-farm and to participate in government programs, take on debt, and

other production considerations. Omitted variables are also a concern, especially given

the inherent unobservability of factors that drive people to pursue off-farm work, such as

innate motivation or aptitude. In the following section, I outline my empirical strategy,

which is designed to overcome these obstacles.

The question of who works off farm, and how much they do so, is the outcome of

a household bargaining decision. For the majority of farm households in the data, the

outcome of that decision is that the primary operator remains male and the spouse works

off-farm. This has remained true over time, with the share of female primary operators

holding constant at roughly 5% of farm operations, even as other occupations in the non-

farm economy showing signs of increasing gender parity. Further, given this designation,

we expect that income earned off-farm by each member of the household to be used differ-

ently. In order to capture the extent to which this is true, therefore, our empirical strategy

must be able to identify changes to off-farm work opportunities for men separately from

those of women.

The empirical model for this paper is motivated first by a need for plausibly exoge-

nous shifts in off-farm work opportunities that are unrelated to agricultural performance.

Given the gender-based dichotomy in the off-farm work decision, these shifts should also

be separately identifiable as affecting women’s work opportunities more than men’s, and

vice versa. One such example would be the growth, or decline, in traditionally female em-

ployment opportunities, such as education or nursing. The second motivation for the em-
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pirical strategy comes from the kinds of off-farm work farm operators and their spouses

perform. Research by Brown et al. (2013) shows that farm operators and their spouses

are over-represented in off-farm management and professional occupations, occupying a

higher share of these jobs than either metropolitan or non-metropolitan workers. Further,

the share of operators or spouses in these positions increases with farm sales volume, in-

dicating important human capital spillovers between operation of large farm businesses

and non-farm professional work. Using one year of the ARMS survey, they show that

almost a third of farm operators work in management and a quarter work in sales; for

spouses, those shares are 40% and 37%, respectively.

This work highlights the difficulty in limiting shocks to one specific occupation or

even sector. An economy-wide shock, differential by both gender and industry, is more

conducive for estimating the impact of off-farm work for the farm household. To do so,

we rely on a well-developed literature that looks at the labor impacts of the explosion

of Chinese manufacturing imports, beginning with Autor et al. (2013). In this paper, the

authors use spatial variation in exposure to import competition from China, based on

the initial distribution of industries across the country. They find a host of labor mar-

ket impacts, including increased unemployment and reduced wages and labor market

participation between the years 1990 and 2004.

Following their framework, I construct a measure of import penetration of the follow-

ing form:

IPcu
zt “

ÿ

j

Lz j95

Lz95

`
Mcu

jt

Y j96 ` M j96 ´ X j96

˘

(1.1)
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where:

Lz j95 is the employment in z of industry j in 1995

Lz95 is total employment in z in 1995

Mcu
jt are imports from China to the US of industry j in t

Y j96 ` M j96 ´ X j96 is the initial absorption of j in 1996

In this measure, z indexes commuting zones, a geographical aggregation measure

based on where people work and used to define local labor markets,4; j indexes industries

defined by the SIC industry code, and t indexes years.

A gender component to this shock was added to their framework by including the

fraction of female workers to the measure of import competition (Autor et al., 2018). With

this component, the measure of import penetration separately identifies shocks by gender

and by industry, using lagged data for employment counts and share of female workers

by industry. This measure appears as follows:

IPcu
zt “

ÿ

j

fz j90
Lz j95

Lz95

`
Mcu

jt

Y j96 ` M j96 ´ X j96

˘

(1.2)

where:

fz j90 is share of women in z working in industry j in 1990

Everything else as before

The measure I constructed differs from Autor et al. (2018) in a few ways. First, I ob-

serve my dependent variables annually, and so instead of using a differenced measure of
4There are 722 commuting zones, with complete coverage for the continental United States. They were

developed by Tolbert and Sizer (1996).
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import penetration, I construct one for each commuting zone in each year between 1996

and 2016. I also change the base years to more accurately reflect the start date of my data

(that is, 1996 instead of 1990). Table A.1 in the appendix records the sources used in the

creation of this import penetration measure.

Finally, to address the simultaneity between imports from China and local labor mar-

ket conditions in commuting zones in the United States, I also follow Autor et al. (2013)

and Autor et al. (2018) in constructing an instrument for the measure of Chinese import

penetration in the US. To do so, I replace the measure of China’s exports to the US for

each industry with a measure of China’s exports to a small set of comparably developed

countries for the same industry and year.5 The instrument is calculated as follows:

IPco
it “

ÿ

j

fi j80
Li j85

Li85

`
Mco

jt

Y j93 ` M j93 ´ X j93

˘

(1.3)

where:

fi j90 is share of women in i working in industry j in 1980

Mco
jt are imports from China to other countries of industry j in t

Everything else as before

The validity of this instrument, through the satisfaction of the exclusion restriction,

rests on the assumption that the instrument captures the common component of import

growth in the US and in other countries. This common component is due to factors spe-

cific to China’s changing internal policies and promotion of manufacturing, rather than

anything specific to the countries importing its products. Without the instrument, there

would be concerns that factors specific to the commuting zones, such as localized de-

5These countries are: Australia, Denmark, Finland, Germany, Japan, New Zealand, Spain, Switzerland.
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mand shocks, driving both the imports in a year as well as the employment-related de-

pendent variables. Autor et al. (2013) also replicate their findings using a gravity trade

model, which accounts for domestic demand, and find that correlated import demand

shocks across countries are not important for their results. Finally, the instrument is cal-

culated using ten year lags on the employment variables and three year lags on the trade

variables to mitigate concerns about anticipatory behavior regarding trade with China

affecting contemporaneous employment.

My estimation strategy leverages the instrumented import penetration from China in

each commuting zone and in each year to first estimate the impact of changing work

opportunities for men and women on the direct indicators of off-farm work decisions.

This estimating equation takes the following form:

Wsit “ αt ` β1 IPcu
szt

loomoon

“IPco
szt

`β2Fit ` εsit (1.4)

In this specification, Wsit is the on- or off-farm hours or income for gender group s in

farm household i in year t; IPcu
szt is the Chinese import pressure in commmuting zone z, as

defined above in equation 1.2; IPco
szt is the Chinese import pressure in other countries o, as

defined in equation 1.3; Fit is a vector of farm characteristics; and αt are year fixed effects.

In addition, I estimate a similar equation, with measures of farm debt and household

debt, measured at the farm level, as the dependent variables of interest, rather than the

intermediate outcomes of measure of work. This is defined as follows:

Yit “ αt ` β1 IPcu
szt

loomoon

“IPco
szt

`β2Fit ` εsit (1.5)

Here, Yit is the debt in farm operation i in year t, and all other variables are defined as
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in equation 1.4.

1.5 Results

1.5.1 Estimation results

Table 1.6 presents the results from estimating equation 1.4.6 These results confirm that

the measure of import penetration does have an effect on the intermediate measures of

on- and off-farm work for both farm operators and their spouses, albeit in different ways.

A one unit increase in female import pressure leads farm spouses to increase their off-

farm work hours; however, they do not seem to be earning more for this extra time.

The same increase in female import pressure reduces spousal off-farm weekly income by

approximately $135. Farm spouses substitute their time away from on-farm work in order

to increase their off-farm labor market participation. This increase in non-farm hours in

a week for less money indicates that farm spouses are possibly taking more hours at a

lower wage or lower skill job. This could be to retain health insurance or other non-wage

benefits from working.

Farm operators have the opposite response in terms of off-farm hours. Although they,

much like their spouses, are earning less off-farm income, at least some of this can be

explained by their reduced hours. There is no significant effect on their on-farm time;

the average primary operator in the sample spends more than 40 hours a week doing on-

farm work, although this masks significant seasonal variation. These results are robust

to the inclusion of controls for operator and spouse characteristics including age, years of

6NB: Full tables available on request, pending ERS-ARMS disclosure review.
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experience, and education levels. Controls also include a fixed effect for the farm typology

and sales class.

Table 1.6: Off-farm import pressure and measures of off-farm labor participation

Tables 1.7 and 1.8 show the results for estimating equation 1.4 where Yit`1 equals the

total volume and the components of farm debt and the total volume and components

of household debt, respectively. We see opposite impacts on farm debt than on house-

hold debt, depending on the household member whose employment opportunities are

shocked. A one unit increase in import pressure for the operator’s employment opportu-
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nities leads to an increase in farm debt with no effect on household debt. The opposite is

true for the farm spouse: when her off-farm work opportunities are shocked, household

debt increases without farm debt being affected. This suggests that the farm operator and

his spouse allocate the money they earn differently, with the operator’s off-farm income

bolstering the farm business and the spouse’s income going towards the household.

The increase in farm debt following a shock to male income-earning opportunities in

the off-farm economy could reflect one of two adjustments by the farm operator, which

will require further exploration, potentially by leveraging more of the loan-level informa-

tion contained in the ARMS survey instrument, as the current analysis using the rougher

decomposition of farm debt is not elucidating. On one hand, the increase in farm debt

could reflect the operator expanding the operation in light of what he perceives as declin-

ing opportunities for income earning outside of the farm sector. In this case, the impact of

the off-farm labor market on the question of future farm viability is not necessarily neg-

ative. However, the other case is that the operator had been using off-farm income as a

way of paying down parts of the farm debt, and his capacity to do so has been hampered

by declining work opportunities and off-farm income.
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Table 1.7: Off-farm income shocks and farm debt

Increases in female-dominated import pressure have no impact on the level of farm

debt. Instead, the effect shocks to off-farm work opportunities for the farm spouse are

concentrated in increased debt for the household. The categorical breakdown shows that

this impact is driven by increases in other real estate (i.e., other non-farm real estate other

than the household’s primary dwelling) debt and in loans for non-farm businesses. One

possible explanation is that farm spouses faced with declining work opportunities in their

local area seek to diversify their earnings, either through real estate or other non-farm

businesses.

Interestingly, the amount of non-farm debt secured by farm assets declines when ei-

ther spouse’s off-farm work opportunities is shocked. This is the only outcome where the

effect of both import pressure measures move in the same direction, although the coeffi-

cient for the male shock is almost twice as large. Although it is unclear what exactly drives

this result, it is suggestive of a move by both spouses to separate the farm’s finances from

the household’s as import pressure causes either spouse’s off-farm work opportunities to
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decline.

Table 1.8: Off-farm income shocks and household debt

The final set of results looks at two possible measures of a farm operation’s financial

health. Leverage and maximum debt repayment capacity both attempt to quantify the ex-

tent to which a farm’s level of debt is manageable given their level of assets and revenue.

These sort of measures serve as a place to start analyzing whether or not the observed

expansion of farm debt represents a financially healthy farm sector. I find that shocks to

male off-farm opportunities increase a farm’s leverage slightly, with the opposite effect

for shocks to female opportunities. Further, shocks to the primary operator’s off-farm in-

come earning possibilities causes both maximum debt repayments to decline. Although

the coefficients are small, this does provide some preliminary evidence that there may

be long-term financial implications for the farm sector as a result of declining off-farm

work opportunities, especially for the male primary operator. Further work exploring

this possibility is certainly required.
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Table 1.9: Off-farm income shocks and financial indicators

1.5.2 Discussion

One of the primary takeaways from this work is that men, especially those with the de-

mographic and human capital attributes typical of a farm operation’s primary operator,

out-earn farm spouses in the ARMS sample in their off-farm occupations. This is despite

female farm spouses working more hours, on average, at these off-farm jobs. In some

cases, this can be attributed to the role off health insurance availability in determining off-

farm labor market participation, in that women adopting this strategy care more about the

non-wage benefits of the job than any other aspect, including salary. However, it remains

the case farm operators earn more than farm spouses in the same commuting zones, even

when their educational attainment is the same. On average, the off-farm earnings of farm

operators are more than $10,000 per year higher than those of farm spouses in the same
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commuting zones with the same levels of educational attainment. These differences are

most pronounced for those with the lowest levels of education and those with the highest.

Operators without a high school degree earn more than $13,500 more off-farm income per

year than farm spouses without a high school degree; the difference is close to $12,000 per

year for operators and spouses who have a Bachelor’s degree or more.

Given the higher income earning potential for farm operators, especially in rural ar-

eas, these simple differences call into question the tendency for women to work off-farm

for more hours than male operators. The opportunity cost for male operators, for each

hour they spend on on-farm work, is likely to be higher than that of his spouse’s. The na-

ture of modern farm management is much less physically demanding than even twenty

years ago; there are few factors, other than intangibles like tradition and gender norms,

that explain why the rate of female primary operatorship has not grown over time. Es-

pecially for farm households in areas with expanding opportunities for employment in

traditionally male jobs, the cost to maintaining these roles could be as high as $10,000 of

“lost” income per year.

1.6 Conclusion

As more and more of the population of the United States moves to urban areas, the role

of farm operations in sustaining rural communities and rural economies becomes all the

more prescient. The two are crucially linked through the off-farm work that is needed to

sustain farm operations, but that is increasingly difficult for rural communities to provide.

This work provides evidence for the ways in which declining opportunities in the rural

economy contribute to the financial outcomes of farms across the distribution of size and
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sales class. At its most extreme, this work shows how the well-noted trends in farm

consolidation and farm closure, exemplified by the “hollowing out of the middle” of the

farm size distribution, and of rural decline, can be either mitigated or expedited based on

the conditions in the local labor market.

For policymakers, it is crucial to know how linkages between the farm and non-farm

sectors function. Off-farm work may be an important mediator preventing further con-

solidation of rural agricultural land and the loss of “family farms,” as they are typically

conceived. It is also natural that off-farm income would have an impact on use of other

types of farm income support, especially those designed to target the variability of farm

income. From a policy perspective, it is increasingly important to know how changing

economic conditions change the participation rates of these programs, as their value for

the agricultural sector and the future of economic support for farm operations is under al-

most constant debate and discussion at the federal level. Off-farm employment is clearly

one of the primary ways a farm operation stabilizes and boosts its own income. Declin-

ing job opportunities in rural areas may mean increased reliance on government support

for farm operations, an unwelcome outcome for both policymakers looking to tighten

budgets and for farm operators looking to be self-reliant.

The previously unexplored gender component of this question also sheds light on

how farm households operate internally, and how continued support for female labor

force participation and a narrowing of the gender wage gap can have important impli-

cations for the survival of farm businesses. Future work on this topic will repeat the

estimation, exploiting changes in access to health insurance as the source of exogeneity

driving the decision of whether or not to work off-farm. These changes include state and

time variation in the deductability of health insurance premiums for the self-employed,

and Medicaid expansions and other forms of increased access brought about by the Af-
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fordable Care Act. As that particular legislation and the changes it brought continue to be

scrutinized, it is important for policymakers to understand how the expansion of health

insurance networks impact the agricultural sector. If the expansion of access or change

in price of non-employer-provided health care allows more operations to benefit from in-

creased on-farm hours from the operator and his spouse, that would be a key unintended

consequence of the ACA with implications for farm finances.

I show results that indicate that the farm operator and his spouse allocate the money

they earn off-farm differently, and that there are differential effects by gender in response

to changing off-farm work opportunities. The “primary operator” designation is more

than just nomenclature; shocks to his income or work opportunities off the farm impacts

the farm financially in ways that shocks to his spouse’s opportunities do not. When the

spouse’s income is shocked, the household, rather than the farm operation, takes on more

debt. These results indicate that, contrary to previous theoretical models of the US farm

household, these are not two identical agents, but instead each may serve a more special-

ized role in the operation of the farm business. Finally, given that the operator and spouse

tend to interact with the labor market very differently, programs and legislation imple-

menting policies designed to revitalize rural economies should be attentive to the type of

labor market participation they are encouraging. Thriving rural spaces, farm operations,

and farm households are interlaced, and all three must be supported to have a healthy

and sustainable future for any of them.
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CHAPTER 2

CROP INSURANCE AND AGRICULTURAL CREDIT USE

with Jennifer Ifft and Todd Kuethe

2.1 Introduction

The United States Department of Agriculture (USDA) has pursued a variety of programs

to address “the low earnings of most farm people and the great instability of income

from farming” since the 1930s (Schultz, 1945, pp.x). Over the past two decades, the fo-

cus of U.S. farm policy has shifted from bolstering low earnings through direct income

support to mitigating income instability through risk management. Through increased

federal subsidies to crop insurance premiums, crop insurance has become the foundation

of the federal farm safety net (Glauber, 2013; Bulut et al., 2012). The stated intent of the

Federal crop insurance program is to support the “economic stability of agriculture”1.

While “economic stability” is not formally defined in the legislation, it is commonly in-

terpreted as supporting income levels and limiting income variability. Previous research,

however, has argued that subsidizing crop insurance encourages farmers to assume more

risk (Goodwin and Smith, 2013) or redistribute some of the reduced production or rev-

enue risk to other parts of their enterprise, such as increased borrowing or financial risk

(Gabriel and Baker, 1980). In extreme cases, the re-balancing of risk towards financial

leverage could lead to reductions in farm equity (Featherstone et al., 1988). Consistent

access to credit, however, is foundational for the creation of farm wealth and financial

stability. Further, if all or even some farms are credit rationed, increased credit use may

be welfare-improving. The impact of crop insurance on credit use thus has important
1Agricultural Adjustment Act Of 1938 Federal Crop Insurance Act
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policy implications–as increased borrowing could either support or undermine the “eco-

nomic stability of agriculture.”

This study therefore seeks to provide novel, robust evidence on the relationship be-

tween crop insurance and credit. Although previous empirical research suggests that

crop insurance and credit use are correlated, there are competing theories about its nature

and direction. From a lender’s perspective, crop insurance could serve, either explicitly or

implicitly, as a form of collateral or provide a partial loan guarantee by lowering the prob-

ability of default. Through expected indemnity payments, operating loans are more likely

to be repaid in low yield or revenue states. Crop insurance as a form of collateral has been

previously noted (Collins et al., 2011; Liang, 2014), as it may increase lenders’ willingness

to extend operating credit. In addition, the decline in production or price risk provided

by crop insurance could lead producers to increase financial risk (leverage), thus increas-

ing their demand for credit (Gabriel and Baker, 1980). In our conceptual framework, we

consider how both lender and producers’ response to crop insurance would influence

observed debt levels and draw implications for our empirical analysis of farm-level debt

use.

This study builds on a large body of work on the drivers of credit access, farm debt

structure, crop insurance entry and exit, and the potential relationship between produc-

tion and financial risk. Credit access and use varies over different economic conditions

and farm types. Hubbs and Kuethe (2017) find that, since the late 1970s, both excess

supply and demand have existed in agricultural credit markets. Farm-level analysis sug-

gests that farm operations often cannot access as much debt financing as they would like,

though the degree of excess demand fluctuates by period and farm type (Briggeman et al.,

2009; Hart and Lence, 2004; Bierlen et al., 1998; Bierlen and Featherstone, 1998). Katchova

(2005) find that farm size, operator age, and various indicators of risk management are
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related to total farm debt levels. Ifft et al. (2018) used more recent farm survey data to

show that similar factors predict demand for new credit, as well as off-farm income. Sim-

ilar to debt, crop insurance participation is associated with larger farm size across stud-

ies in several countries (Sherrick et al., 2004; Enjolras and Sentis, 2011; Santeramo et al.,

2016). Farms facing higher production risk are similarly more likely to use crop insurance

(Sherrick et al., 2004; Enjolras and Sentis, 2011), while the relationship with debt structure

is not consistent across studies (Sherrick et al., 2004; Enjolras and Sentis, 2011). Factors

that influence participation are different than those that ensure duration of participation

or exit (Cabas et al., 2008; Santeramo et al., 2016). Previous research has explored the

correlation between farms’ production risk and financial risk, including farm income sta-

bilization policies and debt structure. Uzea et al. (2014) found that farms benefiting from

Canada’s risk-reducing government support policies may take on more financial risk, but

the strength of the relationship varies across farm types. de Mey et al. (2014) similarly

find farm-level evidence of risk balancing in the European Union, but the strength of the

relationship also varies by farm type and country. Previous empirical work found a cor-

relation between U.S. crop insurance enrollment and farm debt levels (Ifft et al., 2015),

which suggests that crop insurance may influence credit use.

While previous studies demonstrate a correlation between crop insurance participa-

tion and farm debt use, the existing literature fails to provide a clearly identified mecha-

nism or a theoretical justification for the observed relationship. In addition, the empirical

techniques employed do not meet the requirements for casual identification. To address

the shortcomings of the existing literature, we develop a conceptual framework that ex-

amines the relationship between crop insurance and farm credit use through changes to

both lender and farmer behavior. We first discuss how lenders might increase the supply

of operating credit through crop insurance’s “collateral effect.” We then examine dif-
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ferent approaches lenders pursue to evaluate small business credit decisions, following

Berger and Udell (2002), and draw implications on how crop insurance’s collateral effect

may influence these decisions. Next, we use a risk balancing framework to discuss un-

der which conditions we might observe an increase in farm financial risk and associated

credit demand, as crop insurance use or coverage levels increase. The implications of

credit rationing for changes in credit supply or demand are taken into account. Based on

consideration of these factors, we develop testable hypotheses on the observed relation-

ship between crop insurance and credit use. We develop an empirical strategy (1) to test

these predictions and to improve our understanding of how crop insurance influences

debt use and (2) to determine whether crop insurance has a causal relationship with farm

debt use. We use recent advances in empirical techniques to better understand how crop

insurance affects farm operators’ financial management decisions.

Our empirical analysis exploits a number of advantages of the USDA’s Agricultural

Resource and Management Survey (ARMS) to both address the simultaneity of crop in-

surance and credit use and to shed light on the underlying mechanism driving the ob-

served relationship between crop insurance and credit use. Previous empirical studies of

the (secondary) impacts of crop insurance are complicated by the simultaneity between

crop insurance take-up and farm-level management decisions. Because some farms ap-

pear in the survey in multiple years due to intentional over-sampling, we are able to

control for unobserved farm-level characteristics, such as managerial ability, that likely

influence both crop insurance adoption and farm debt use. However, the farm fixed ef-

fects approach with panel data cannot fully address the simultaneity of crop insurance

and debt use, as the direction of the relationship is uncertain. That is, higher debt use

may influence crop insurance participation decisions. The panel of repeat observations

also allows us to exploit variation in crop insurance policy design to identify the causal
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relationship between crop insurance and farm debt use, following Weber et al. (2016). Fi-

nally, the richness of the ARMS data allows us to examine whether borrowers that are

more likely to be credit constrained under certain lending practices are able overcome

credit constraints through crop insurance use. Given the central role of crop insurance in

the farm safety net, such findings are important to policymakers, program administrators,

agricultural lenders, insurance providers, and researchers.

The remainder of the paper is organized as follows. Section 2.2 outlines the concep-

tual framework for our empirical analysis, which is based on lending behavior and risk

balancing. Section 2.3 summarizes our data (2.3.1) and empirical approach (2.3.2). Sec-

tion 2.4 summarizes our empirical results, and section 2.5 discusses the implications of

our key findings for policy and future research.

2.2 Conceptual framework

Crop insurance is the cornerstone of the federal farm safety net, designed to mitigate

the effects of farm income instability by limiting downside yield or revenue risk. By

limiting downside yield or revenue risk, crop insurance potentially influences lender and

producer decisions related to farm debt. An increase in credit levels due to crop insurance

use implies that (1) lenders were willing to supply more credit and (2) producers were

willing to take on more credit. However, we do not know a proiri if there was excess

supply or demand for credit in the sector and other factors that would allow us to fully

characterize the credit market equilibrium. Given the difficulties of establishing credit

market equilibrium prior to and after the introduction of crop insurance, we focus on

lender and farm-level decisions.
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To disentangle these relationships, we first show how crop insurance – from a first or-

der perspective– may influence lender decisions. We then use the different approaches to

small business lending decisions defined by Berger and Udell (2002) to develop testable

hypothesis related to lenders’ decisions to extend operating loans, as they relate to crop

insurance. Producers’ decisions are evaluated by examining internal adjustments to changes

in risk levels following the risk balancing framework.

Our conceptual framework is subject to the following assumptions. We assume that

most farm loans are self-collateralized or self-liquidating, when collateral is required (Of-

fice of the Comptroller of the Currency). Most farm loans are secured by “hard assets,”

and the type of collateral varies by the purpose of the loan. Long-term debt is typically

secured by farm real estate or machinery and equipment. Short-term or operating debt

is typically secured by crops or livestock. It is also worth nothing that we focus on the

direct effect of crop insurance on credit, not second or third order effects. For example,

crop insurance premium subsides imply a positive expected value for participation, with

a long-term wealth effect. Our model does not consider this or other tertiary effects.

2.2.1 Crop insurance and lending decisions

It is straightforward to show how crop insurance, under a variety of assumptions about

lenders’ risk preferences, can increase credit supply through its “collateral effect.” Con-

sider the following simple illustration. A farmer wishes to receive a short-term operating

line of credit, and the lender requires the current crop to serve as collateral. That is, if

the farmer defaults on the loan, the lender gains full ownership of the current crop. In a

typical year, the full revenue potential (H) is realized, but in a poor year, the low revenue
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(L) is realized.2 To ensure repayment, lenders are willing to extend a loan of up to 100

percent3 of crop revenue in the bad state. With crop insurance, farmers pay premium p

and receive an indemnity payment I in the bad state when a loss occurs. This increases

the loan value from L to L + I -p and increases loan value as long as p ă I.

The example above assumes risk aversion on the part of lenders. However, under

subsidized crop insurance, this example generalizes to a risk neutral lender that will lend

up to the expected crop value. In this case, the probability of a bad state is γ and expected

value of the crop is p1 ´ γqH ` γL without crop insurance and p1 ´ γqH ` γpL ` Iq ´ p

with crop insurance. The amount of available credit increases by γI´ p. γI will be greater

than p if the underlying total premium (subsidy plus farmer premium) is actuarially fair.

Thus, even if lenders are not risk averse and will loan more than the lowest likely “bad”

outcome, the premium subsidy will raise the expected value of collateral. Liang (2014)

provides a more formal treatment of how crop insurance can address credit constraints,

that similarly demonstrates how crop insurance can increase the amount of loans lenders

are willing to extend.

The different approaches lenders use to make credit decisions provides useful intu-

ition for how this “collateral effect” might be reflected in observed lending levels. Berger

and Udell (2002) characterizes lending to small firms, who typically rely on private debt

instead of raising equity, as either relationship-based or transactional. Transactional lend-

ing relies on “hard information” through three approaches: asset values, financial state-

ments, and credit scores4 (Berger and Udell, 2002). For asset-based lending, crop insur-

ance provides an increase in collateral value for operating loans. Given the most operat-

2Note: While this simple illustration could be generalized to yield or revenue protection (YP or RP)
insurance, we refer to revenue to maintain clarity.

3This number may be lower. We use 100% to make our example clearer, without loss of generality.
4For the purpose of this paper, we focus on asset values and financial statements and assume that crop

insurance is not accounted for in formal credit scoring.
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ing loans are self-liquidating (Office of the Comptroller of the Currency), crop insurance

could have a general or universal impact on operating loan levels. Before crop insurance

was widely available, yield risk was likely uninsurable due to systemic risk (Miranda and

Glauber, 1997; Skees and Barnett, 1999). The correction of this market failure in insurance

markets also increased the likelihood of operating loan repayment, potentially leading to

investment at or closer to socially optimal levels. If operating loan decisions are primarily

based on crop-collateral (asset) value, we would expect to see a general increase in oper-

ating loans due to crop insurance. However, lenders who use a financial statement-based

approach to lending may primarily consider various indicators of financial health or cash

flow.

Relationship lending, by contrast, relies on “soft information” based on a loan offi-

cer’s knowledge of a firm or community and a more subjective assessment of the firm’s

repayment ability. If relationship lending approaches are used, crop-collateral may be less

important, although not necessarily independent of lender decisions.5 In either financial

statement- or relationship-based lending, weaker borrowers may need to establish guar-

anteed collateral to receive the full or maximum operating loan level. In the former case,

the value of crop-collateral becomes important for farms with a weaker financial situation.

For relationship-based lending, there may be situations in which lenders are unfamiliar

with a farm operation and thus unable to make a decision on creditworthiness. In this

case, lenders who otherwise rely on their experience or knowledge of operations may

require “hard proof” of repayment ability for unfamiliar or new farm operations. In ei-

ther case, crop insurance is most relevant for credit availability for less financially healthy

farms, or for new or beginning farms.

5For example, crop insurance could signal managerial ability.
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2.2.2 Crop insurance and producer credit decisions

Farmers’ demand for credit may also increase in response to crop insurance. As formal-

ized by Gabriel and Baker (1980), economic theory suggests that if farmers seek to keep

aggregate risk levels constant, crop insurance participants may offset the reductions in

yield or revenue risk by increasing their exposure to risk in other portions of their enter-

prise.

Collins (1985) provides a theoretical model of optimal leverage under risk balancing

with the following equilibrium condition:

δ‹ “ 1´
„

ρσ2
A

R̃A ´ K



. (2.1)

Equation (2.1) suggests that optimal leverage δ‹ is a function of the expected rate of re-

turn on assets R̃A, the variance of asset returns σ2
A, the opportunity cost of capital K, and

the farmer’s relative risk aversion ρ. Collins (1985) demonstrates that subsidized crop

insurance could both increase the expected rate of return on assets (R̃A) and decrease

the variance of asset returns (σ2
A), which, in turn, increases the farms’ optimal leverage.

Featherstone et al. (1988) show that, in extreme cases, policies like crop insurance that

decrease production risk could even increase leverage to the point of equity loss. That

is, the increases in asset values lead to higher optimal debt levels in a manner that re-

duces the relative share of equity to (leveraged) assets. If the underlying assumptions of

risk balancing hold, we would expect to see an increase in leverage for farms using crop

insurance.

Risk balancing theory implies that crop insurance would lead to an increase in finan-

cial risk, as reflected in farm leverage. Farms could achieve this by increasing all types

of lending, thus increasing demand for credit, or decreasing asset holdings. There are,
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however, some underlying assumptions of risk balancing that are relevant to the problem

we consider. Following Featherstone et al. (1988), risk balancing requires that farmers do

not face credit rationing or asset illiquidity. Most long term farm assets, also the collateral

from long-term debt, are often considered illiquid due to the significant transaction costs

to foreclose on machinery or land and the long term implications for farm business prof-

itability (Barry et al., 1981). Crops and livestock, conversely, are relatively more liquid

forms of capital. Hence, farmers may be more likely to be observed increasing operating

loan levels as a risk balancing response to crop insurance. It is also worth noting that

given the illiquidity of farm real estate and its large share in farm wealth, we would be

much more likely to see an increase in credit demand as a risk balancing response to crop

insurance, which is the focus of this study.

Credit rationing could limit risk balancing behavior; however in the previous section

we discuss how crop insurance may address certain types of credit rationing and lead

to increased operating loan use. Petrick (2005) defines credit rationing as “persistent”

unmet demand for credit, while under-investment implies a level of investment that is

less than socially optimal. While it may be difficult to distinguish between risk balancing

vs. relaxed credit rationing as a cause of increased operating loan use, an increase in

leverage would provide strong evidence for a risk balancing response, as it would suggest

consistently higher unpaid operating loan balance or higher long-term debt.

2.2.3 Potential impacts on observed debt levels

Based on the response of both lenders and farm operators to crop insurance, we may

observe different outcomes. Below we develop three hypothesis that can be tested with

farm-level financial information.
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First, if asset-based lending is a common practice and crops serve as required collat-

eral for operating loans, there will be a general increase in operating loans in the pres-

ence of crop insurance. This hypothesis is drawn from the notion that crop insurance

serves as “repayment” insurance or partial guarantee under the credit supply channel.

The collateral effect would lead to observed increases in operating loan volume, and this

relationship may vary depending on how lenders account for collateral value in lending

decisions. The collateral effect may be captured through either participation (no crop in-

surance vs. crop insurance) or coverage level (as coverage level increase, the value of

collateral is higher). We can test this hypothesis by considering different measures of op-

erating loan volume. From a farm operator perspective, an increase in operating loans

would be consistent with either alleviating credit rationing or risk balancing behavior.

Second, if financial statement or relational lending is more common practice than

asset-based lending, crop-collateral value may be an important factor in lending deci-

sions for farms that might be credit rationed due to weaker financial position (financial

statement lending) or unfamiliarity to local lenders (relational lending). Similar to our

first hypothesis, this implies that crop insurance participation or coverage levels will lead

to higher operating loan levels. However, if crop insurance helps borrowers obtain credit

in this context, we would expect the relationship to be stronger on average for borrowers

with a weaker financial position, or for young or beginning farmers. It is important to

note that these first and second hypotheses are not mutually exclusive. In reality, there

is likely heterogeneity across lenders, with some relying on asset values and others first

considering financial strength or soft information on repayment ability. If we see larger

increases in operating loans for these “weaker” borrowers, it would suggest that crop in-

surance is an important consideration for lenders. Given these noisy or broad measures

of weak borrowers, in our robustness check section we also directly test for whether crop
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insurance coverage and self-reported credit constraints are related, using data from the

single year when this information was available (2014). A negative relationship would

suggest that crop insurance use allows otherwise weaker borrowers to receive credit, con-

sistent with this hypothesis.

Third, in the presence of risk balancing, crop insurance induces farms to increase fi-

nancial risk through both crop insurance participation and increasing coverage levels. If

the underlying assumptions of risk balancing hold, then crop insurance participation or

higher coverage would lead to an increase in leverage. To test this hypothesis, we will

consider the relationship between farm leverage and both measures of crop insurance

use. We also note that changes to operating loan use, which may be observed if the first

two hypotheses hold, do not automatically imply different leverage. To increase their

leverage, farms could increase any type of debt.6 Further, operating loans are typically

taken out and repaid within a year and, therefore, may not be reflected in year-end debt

and asset balances which are typically used to calculate leverage. We thus consider op-

erating loan volume and year-end balance in our empirical model, as well as discussing

results with different measures of long-term debt as a robustness check.

2.3 Data and empirical methods

To test how crop insurance influences farm debt use, we require detailed, farm-level data

on crop insurance and financing decisions. We must also address empirical challenges

that have complicated previous research on the (secondary) impacts of crop insurance.

First, as previously stated, it is difficult to identify the causal outcomes of crop insurance

6Farms may also hold lower levels of assets, but we assume this to be unlikely given the high transaction
costs and other issues with farmland sales, as well as beyond the scope of this study.
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participation plausibly due to (1) unobserved farm-level characteristics such as manage-

ment acumen that might be correlated and with both insurance and financial decisions

and (2) the simultaneity between crop insurance take-up and farm-level financing de-

cisions. There are number of empirical approaches to address the endogeneity of crop

insurance adoption, but many of these approaches are difficult to implement given the

limited credibility related to the exclusion restriction. In other words, it is difficult to find

a measure (an instrumental variable) that is truly unrelated to any particular farm-level

production decision but still related to crop insurance participation. Second, most sources

of farm-level financial information are cross sectional, which limits researchers’ ability to

control for unobserved farm-level characteristics that drive both financial and production

decisions. For example, the Agricultural Resource Management Survey (ARMS), the most

detailed nation-wide farm level survey that is commonly used in agricultural economics

research, is cross sectional.

Our study employs two recent advances in modeling farm-level decisions to establish

the causal relationship between crop insurance coverage and farm debt use. Our analy-

sis begins with a cross sectional analysis that takes advantage of the full richness of the

ARMS data. We then impose increasingly restrictive limits on our sample of farms that al-

low us to more robustly identify the relationship between crop insurance and credit deci-

sions. In order to estimate the causal linkage between crop insurance and credit decisions,

we exploit recent advances for ARMS data developed by Weber et al. (2016). ARMS uses

a complex, stratified non-random sampling procedure that intentionally over-samples

larger farms. As a result, large farms are more likely to appear in the ARMS sample mul-

tiple times, and it is possible to link ARMS observations across multiple years. We discuss

potential sample selection bias issues after providing further information on our data.
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2.3.1 Data

We begin with ARMS data from 2000 to 2014, which had a total of 286,370 observations.

To ensure a sample of farms for which crop insurance was likely to be a viable option

throughout our study period, we limit the responses to operations with at least $10,000

value of production of crops with widespread crop insurance availability.7 This restriction

decreases the number of respondent farms in our analysis to 123,122. We refer to this as

the “restricted” ARMS cross section.8

We compare farms with and without crop insurance in our restricted cross section,

along a variety of characteristics, including these measures of debt use, in table 2.1. We

find that farms that participate in crop insurance are systematically different from farms

that do not. There are only two variables for which participants and non-participants are

not statistically different: rice production and ratio of operating loan volume to variable

and rental expenses [financed]. Farms that use crop insurance have higher levels of all

types of debt, operate more acres, rent a higher share of acres operated, have operators

with higher education levels, have higher sales volume, are more likely to produce field

crops, are less likely to produce specialty crops and livestock, and are more likely to have

farming as a the primary occupation of the principal operator.

Weber et al. (2016) demonstrate there are some differences between “repeat” farms

that are surveyed more than once and “non-repeat” farms that appear only once. Farms

sampled more than once are larger and have higher values of production than the typical

respondent farm. Despite this potential selection bias, these differences are expected to

7These crops include: barley, canola, corn (for grain or silage), cotton, oats, sorghum, soybeans, and
wheat. According to the RMA, in 2014 these crops together made up about 80% of all federal crop insurance
program liabilities.

8For comparison purposes, summary statistics for the entire ARMS cross section and the “restricted”
cross section are provided in the Appendix (table B.3).
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have limited impact on our analysis, as the larger farms and farms with higher value of

production are more emblematic of farms that participate in crop insurance. For example,

the USDA defines a farm as any firm that typically produces at least $1,000 of agricul-

tural products in a given year. Most smaller farm operations in the U.S. are not operated

as businesses; the median U.S. farm typically has negative returns to farming activities

(Economic Research Service, 2016). These small farm enterprises are extremely unlikely

to participate in Federal crop insurance. The repeat farms are much more likely, therefore,

to be representative of operations that use crop insurance. To explore the the implications

for our regression analysis, we will compare regression results from the restricted cross

section to the pooled restricted panel.

Dependent variables

ARMS provides many measures of farm debt use. For short-term debt, these measures

include seasonal production loans obtained and repaid within the reference year [repaid],

short-term debt that remains at the end of the year [dshort], and the total amount of short-

term debt outstanding and repaid within the year [dshort + repaid = totalshort]. All

three measures provide important information on operating loan levels. We also examine

the impacts of crop insurance on long-run farm solvency using the debt-to-asset ratio

[leverage]. In our robustness check section, we briefly discuss results using additional

measures of debt use, which are reported in our supplemental appendix.
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Measuring crop insurance

We use two complementary measures of crop insurance participation (Pit), both of which

can directly affect credit supply and demand. The first measure is a binary indicator

that equals one if the operation had acres enrolled in federal crop insurance in the ref-

erence year t. The binary indicator, therefore, allows us to compare participant versus

non-participant farms. The variable has been widely used in the existing literature to

measure the impact of the crop insurance program (see Ifft et al., 2015, for example). This

measure also has the advantage of being asked on more versions of the ARMS survey,

yielding a pooled cross section of 91,171 farm-level observations.9

The second measure of crop insurance participation (Pit) is the natural log of insur-

ance premiums paid per acre operated. This continuous measure reflects the variation in

coverage levels, as well as the value of crop being insured. A higher level of crop insur-

ance premiums will generally correspond to higher coverage levels, or a larger share of

production that is protected from yield or revenue loss. This measure is available from

2000-2014, but was not on all versions of ARMS surveys for all years, yielding a total of

88,867 observations in the restricted cross section. Actual coverage level were reported in

the 2014 ARMS-equivalent survey, which we analyze in our robustness check section.

9Due to changes in the ARMS survey instrument, the “acres enrolled” dummy is only available for
2002-2013, excluding 2012.
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Creation of an ARMS panel

The ARMS panel is a sub-sample of the ARMS cross section and an artifact of the over-

sampling of larger farms. The differences between these repeat farms and those that

appear only once are covered in detail by Weber et al. (2016). There are 92,272 farm-

year observations in the full panel for the years we consider; most of these are farms that

appear only twice, although there are farms that appear between three and eight times.

Similar to Weber et al. (2016), for our panel analysis, we further restrict the sample of

repeat farms to those that have at least one observed year of crop insurance participation

and meet the same value of production requirement as the restricted cross section ($10,000

value of production of crops with widespread crop insurance availability). For simplicity,

we will refer to our restricted data set of repeated ARMS observations as the “restricted

panel.”

The restricted panel farms differ markedly from the nationally-representative farm

using the USDA definition and from typical non-repeat sampled farms. These sample re-

strictions, however limiting, make it less likely that our results are driven by comparing

operations for which crop insurance is available to those for which it is not. The restricted

panel farms are large operations with high levels of production and large loans. The av-

erage farm in the restricted panel operates more than 2,500 acres, and the average annual

operating loan volume is nearly $500,000. In addition, 65% of the restricted panel op-

erations had positive crop insurance premium expenditures, with an average premium

payment of $7.35 per acre. The operations in the ARMS panel are not marginal partici-

pants in crop insurance programs. The average number of acres enrolled, per operation

and across all years, is about 1,390.

Farms with and without crop insurance (based on acreage and expenses) from the re-
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stricted panel are compared in table 2.2. A similar share of farms in the restricted panel

had some crop insurance as in the restricted cross section. In addition, farms with and

without crop insurance are statistically different for nearly every measure considered in

our analysis. Farms with crop insurance have higher debt levels for almost every mea-

sure, are slightly younger, operate more acres, and have higher levels of corn, soybean,

and wheat production.
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To confirm that the differences between farms with and without crop insurance par-

ticipation are systematic and persist over time, we do the same comparison between par-

ticipants and non-participants in 2004 and in 2013. These comparisons are also reported

in the Supplemental Appendix (tables B.14 and B.15 for the restricted cross section and

in tables B.16 and B.17 for the restricted panel). The differences between crop insurance

participants and non-participants that we observe in 2004 remain almost a decade later

in 2013. Thus, the two groups appear to not become more similar over time. In the re-

stricted panel, we do see a larger operated acre differential in 2013 relative to 2004, but this

is likely due to year-to-year intentional changes in the ARMS sample. That is, the ARMS

periodically over-samples specific subsets of farms to support sub-sector level analysis of

critical issues. For example, the 2004 ARMS over-sampled hog farms, and the 2013 ARMS

over-sampled rice farms. We control for these changes to the ARMS sample in our regres-

sion analysis. The differences between crop insurance participants and non-participants

are also observed in our restricted cross-section, with some exceptions. For example, the

difference between long-term real estate and non-real estate debt did increase over time.

However, there is no evidence that the two groups were more similar in 2003 and then

diverged, or that they have grown more similar over time.

2.3.2 Empirical model

Cross section model

We first estimate a cross sectional model, which allows us better understand the potential

limitations of the restricted cross section and panel datasets. Given the predictions of

increased short term debt and leverage outlined under different hypothesis in Section
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2.2, we use a variety of measures of short term debt and leverage as our key dependent

variables, which we collectively refer to as ‘measures of debt use’. Let yit represent the

measure of debt use by farm i in year t. We posit that farmers’ debt use is driven by a set

of farm and operator characteristics (Fit), as well as crop insurance participation (Pit). For

each farm i in year t, this relationship can be expressed using the regression equation:

yit “ β0 ` η1Pit ` βFit ` τt ` γs ` εit (2.2)

where Fit is a vector of farm and operator characteristics, Pit is a variable that represents

farmers’ crop insurance participation, τt and γs are year and state fixed effects, and εit is

a white noise error term. Year effects allow us to capture price movements, which would

have been common given our restriction to field crop farms. Given the general increase

in commodity prices across our study period, the year effect is an important control for

these trends. For this and all other cross sectional models we estimate standard errors to

be robust to correlation at at the strata level, to take into account ARMS survey design

(Weber and Clay, 2013). The unknown coefficients β and η1, therefore, capture the rela-

tionship between farm debt use and farm and operator characteristics and crop insurance

participation, respectively. The ARMS data provide a rich set of farm and operator char-

acteristics Fit , including operator’s education, age, total off-farm income, occupation, re-

tirement status, gender, race, acres operated, farm sales class, share of acres owned, share

of cropland operated, and farm specialization. Farm specialization covers multiple crop

and livestock specializations based on USDA definitions, as well as categories for “other

crops” and “other livestock.”

The USDA makes periodic adjustments to ARMS to capture important changes in

the agricultural sector. The ARMS-equivalent 2014 Tenure, Ownership, and Transition

of Agricultural Land (TOTAL) survey included a number of additional questions related

to crop insurance coverage levels, policy form (yield vs. revenue guarantees, and unit
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structure for several major commodities). While premium paid per acre (employed in the

preceding analysis) captures the variation in coverage levels, it also reflects production

history and various features of the insurance product, projected prices, and other factors.

The 2014 ARMS questions, therefore, provide a more direct measure of insurance cover-

age levels and program features. In addition, the 2014 ARMS also includes self-reported

risk tolerance. Risk preferences are unobserved in almost all other years and may have a

strong relationship with both credit and insurance decisions and is one of the key factors

of the risk balancing equilibrium conditions (Equation 2.1, ρ). As a result, we also estimate

equation (2.2) substituting coverage level as our measure of insurance coverage (Pit) and

control for self-reported risk tolerance (ρ). We are able to include actual acre-weighted

average coverage level of the six crops included in the survey, the share of acres covered

under a revenue policy, and a fixed effect for the insured commodity. We estimate this

model with several of our key dependent variables: totalshort, financed, dshort, repaid,

leverage, and operating loan interest rate.

The 2014 ARMS survey also provides three additional dependent variables that explic-

itly measure credit rationing, which could be influencing lender and producer response

to crop insurance availability. The first variable [denied] captures whether or not the re-

spondent reported being denied credit or not receiving all of the credit requested. The

second variable [deterfromcredit] measures whether or not the respondent did not apply

for credit due to fear of rejection, high cost of application, or risk associated with debt.

The third variable [creditprob] is an indicator variable that takes the value of 1 if the re-

spondent was either denied or deterred.
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ARMS Panel Models

In addition to the cross section model, we estimate a similar set of regressions using our

restricted panel of repeat ARMS observations. While we start with an estimating equation

similar to (2.2) using state fixed effects and standard errors clustered at the farm level, the

structure of our panel data allow us to run a more restrictive and robust specification with

farm-level fixed effects (within estimation) to control for farm-specific characteristics that

are difficult or impossible to observe. For example, farms that use crop insurance may

have better financial management skills and may also be more likely to use credit. This

fixed effect also addresses fixed local market and price conditions, which may vary over

space. Using the panel data, the relationship between debt use and crop insurance (2.2),

can be expressed:

yit “ β0 ` β1Pit ` βGit ` τt ` γi ` εit (2.3)

where γi are farm-fixed effects and βGit are time-varying farm characteristics, including

the number of acres operated, the operator’s age, operator age squared, and the share of

soybean, corn and wheat acres out of the total acres operated. While operator age may

represent a time trend for farms with the same operator over our study period, several

farms likely had a change in operator (Katchova and Ahearn, 2017). The continuous

measure of crop insurance coverage yields a total of 30,957 farm-level observations in our

restricted ARMS panel. For all panel models, we estimate standard errors to be robust to

correlation at the farm level.

Instrumental variable identification strategy

As previously noted, farmers make decisions related to crop insurance coverage and debt

use simultaneously. While our farm fixed effects model (2.3) addresses the issue of un-
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observed farm characteristics that influence both debt and crop insurance decisions, it is

possible that unobserved, time varying farm- or market-level factors could also influence

these decisions. For example, increasing demand for credit could lead lenders to en-

courage higher crop insurance use. To address this simultaneity, we use an instrumental

variable developed by Weber et al. (2016), that was demonstrated to be robust to differ-

ent ways of accounting for temporal shocks, survival bias, and alternative approaches to

variable construction. This instrumental variable strategy exploits the limits to coverage

levels that are codified in the Federal crop insurance program regulations, and are pub-

licly available from the Risk Management Agency (RMA). These limits can vary by crop

and by county.

Crucially for our analysis, incentives to expand coverage increased over our study pe-

riod. However, the existence of coverage limits means that an individual farmer i’s ability

to increase coverage over time is constrained. This constraint is based on the initial cover-

age level (Pi,s) chosen by a farmer i in the first observed year s. Farmers who are initially

closer to the maximum coverage rate (denoted MaxPi,s) cannot increase their coverage

rates as much as farmers who are initially farther from this maximum. Therefore, the re-

lationship between Pi,s

MaxPi,s
and the ratio of a coverage rate in a later year t to Pi,s is negative

and non-linear: it decreases at a decreasing rate as Pi,s approaches MaxPi,s.

Weber et al. (2016) define this non-linearity using an exponential function:

Pi,t

Pi,s
“

ˆ

Pi,s

MaxPi,s

˙θ

(2.4)

After taking the log of both sides, this is equivalent to:

lnpPi,tq ´ lnpPi,sq “ θln
ˆ

Pi,s

MaxPi,s

˙

. (2.5)
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Based on this relationship, we can use the log of the ratio of the initial premium per

acre (Pi,s) and the maximum possible premium per acre (MaxPi,s) as an instrumental vari-

able, denoted Zit for the difference in premiums per acre between any later year t and the

initial year s. We follow Weber et al. (2016) in calculating the maximum premium for a

farm, using the Risk Management Agency’s Summary of Business data to find, for each

crop, the plan and coverage level with the highest premiums per acre, by year and county.

Multiplying this premium per acre by the number of harvested acres for each crop on each

farm gives the total, farm-level maximum premium. Using this ratio as an instrument to

non-linearly predict changes in premium levels is plausibly exogenous to current farm

conditions or decisions that would affect both the premiums paid per acre and the credit

demands of a farm operation. The non-linearity is the result of program coverage limits

that are determined nationally and are beyond the influence of any individual farmer.

Using this instrument and the 2SLS first differences model with the restricted ARMS

panel, as recommended by Weber et al. (2016), we estimate:

yi,t ´ yi,s “ β0 ` θ1 lnpPi,tq ´ lnpPi,sq
loooooooomoooooooon

“Zit

`βGit ` Ti,sδ1 ` Ti,tδ2 ` vcpiq ` εit (2.6)

where Zit “ lnp Pi,s

MaxPi,s
q. The additional terms Ti,s and Ti,t represent the year the farm was

observed and the subsequent year, respectively, and vcpiq represents additional county

fixed effects. County fixed effects are recommend by (Weber et al., 2016) to address any

local changes in cropping intensity. We also estimate the model with state fixed effects,

given the relatively low number of ARMS participants from any given county: this ef-

fectively removes most variation from our data. The remaining terms are consistent with

equation (2.3). Standard econometric tests from the first stage confirm that this is a strong
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instrument, with a F-stat well above the accepted level of 10.10 Any violations of the ex-

clusion restrict would have to exist beyond the controls in our model, which include first

differences at the farm level, temporal effects, and crop mix. Local basis shifts are a typical

concern, but are somewhat removed from financial decisions. While we cannot disprove

every hypothetical violation, as we have discussed, our model accounts for a wide range

of common violations of the exclusion restriction.

Stratified sample analysis

As discussed in section 2.2, under hypothesis 2, lenders that rely on financial statements

or relational borrowing to make decisions may favor crop insurance for weaker borrow-

ers. If this is a typical practice, crop insurance may lead to larger increases in short term

debt use for these groups. In other words, for borrowers who are credit constrained under

financial statement or relational lending, β1 would be larger. Given the reduced variation

that the ARMS panel and IV identification strategy leverages, we avoid estimating equa-

tion (2.6) with stratified samples. Instead, we rely on evidence provided by the stratified

samples using estimates of equation (2.3).

There are several ways to identify farms that may have weaker financial statements

and thus be credit constrained. We use standard measures of repayment ability based

on financial statements that reflect lower solvency or liquidity. The first stratification di-

vides observations above and below the median level of debt-to-asset ratio. The second

stratification divides observations above and below the median debt repayment capac-

ity utilization (DRCU). DRCU measures a farm’s ability to make principal and interest

10The first stage results are available from the corresponding author by request. To show the correlation
between the instrument with the dependent variables, coefficients from an OLS model of the IV on the
dependent variable are provided in the Supplemental Appendix, table B.18.
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payments on outstanding debt using current income. Low DRCU suggests low levels of

debt relative to income. Thus, the two measures capture issues related to farm solvency

and farm liquidity, respectively. The distinction is particularly important in the current

agricultural economy, as the current farm sector downturn has been characterized by low

liquidity (or working capital) as opposed to low solvency (Zhang, 2017). Further, liquid-

ity may be a missing variable from our model, as it increases demand for operating credit.

However, liquidity and debt use measures are simultaneously determined, so we do not

use it in our estimating equations. This analysis allows us to consider its relationship with

crop insurance use and debt.

There are two main ways to stratify our sample to identify groups that may not have

established relationships with lenders, taking advantage of detailed demographic charac-

teristics in ARMS. We first split the sample based on operator age. We define the “young”

sample as farms with a principal operator younger than 45, and the “old” sample as

farms with a principal operator age 45 or older. Studies have shown that younger opera-

tors are more likely to be credit constrained, and hence crop insurance may play a role in

their access to credit (Briggeman et al., 2009). Further, older operators may have stronger

personal or professional connections with insurance agents or bankers, or may be more

familiar with the crop insurance programs. On the other hand, younger operators may

be more financially literate, having completed their education more recently. Similarly,

we also conduct this analysis for farmers with ten or fewer years experience, regardless

of age.
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2.4 Results

This section discuss the key empirical findings of the relationship between crop insur-

ance and farm debt use. We briefly discuss findings from the cross sectional and pooled

models, then focus on estimation of our ‘panel models’ (equations 2.3 and 2.6), which are

more effective at addressing the simultaneity of crop insurance and debt use decisions.

The full, detailed estimation results for each specification, with a larger set of debt-related

dependent variables, are reported in the Supplemental Appendix (tables B.4 – B.12).11

The results for the model as specified in equation (2.2) and estimated via ordinary

least squares (OLS) for the restricted cross section and restricted panel are reported in

tables B.1 and B.2, respectively. In the cross section and pooled models, all measures of

short term debt are positively correlated with crop insurance participation and premi-

ums. Leverage is positively correlated with participation in the cross section model, but

does not have a statistically significant relationship with premium paid in either model.

In the pooled specification using the restricted panel, we find no statistically significant

relationship between crop insurance use and leverage. It is also worth nothing that results

are generally similar in terms of sign and magnitude between the restricted cross section

and panel. Farms in the panel do appear to have a larger magnitude of ‘repaid’ operating

loans, which is consistent with the over-representation of larger farms in the restricted

panel. While farms in the restricted panel are larger and more likely to use both crop

insurance and debt financing, we do not observe evidence of another type of systematic

selection bias in our basic regression analysis.

While ARMS allows us to control for a rich set of farm characteristics, these estimates
11We envision this as a Supplemental Appendix to this article. We have included it for peer review to

assist the reviewer in assessing the robustness of our results and for transparency.
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still may biased due to unobservable farm management strategies and skills, as well as

simultaneity of debt and insurance decisions. As such, we focus on results from our panel

models. The model as specified in equation (2.3) with farm-level fixed effects are reported

in table 2.3. Table 2.4 reports the changes debt use in response to premium paid increases,

using an instrumental variables specification, the most restrictive and informative model.
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2.4.1 Panel models

The panel-farm fixed effect model (table 2.3), which explicitly controls for farm-level de-

viations in debt and crop insurance, suggests that crop insurance leads to an additional

$92,000 in annual operating loan use [totalshort], about 19% of the restricted panel aver-

age. Likewise, a $1 increase in premium paid per acre is associated with nearly $4,400

in additional total short term debt. These estimates are comparable in magnitude, given

that the mean premium paid for the restricted panel was nearly $10 per acre. The effect

appears to be stronger in terms of repaid short term debt, as the impact of crop insur-

ance premium level on outstanding short term debt is not statistically significant for the

farm panel specification with farm-level fixed effects (table 2.3), and the impact of crop

insurance participation from the same specification is weakly significant. For both pre-

mium paid and participation, there is not a statistically significant relationship with farm

leverage.

The instrumental variable specification (table 2.4) considers the impact of the natural

log of premium paid per acre on farm debt use. The results employ two different spatial

fixed effects: county and state. Even in the most restrictive specification with county fixed

effects, which effectively eliminates much of the variation in our data, the model suggests

that increases in crop insurance coverage leads to higher short term debt use, albeit at a

more marginal level of statistical significance. The impact appears to be concentrated in

the increase in short term debt that is outstanding at the end of the calendar year, sug-

gesting a $1,500-2,500 increase in response to a 10% increase in crop insurance premium

per acre. Similar to our panel fixed effects model, crop insurance coverage does not have

a statistically significant relationship with leverage.
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2.4.2 Stratified sample analysis

If the collateral guarantee provided by crop insurance is more important for weaker bor-

rowers, we would expect a stronger relationship between operating loan levels and crop

insurance use for such borrowers. Using ARMS, we can identify borrowers who may be

credit rationed by lenders that use financial statements or relational borrowing. Tables 2.5

reports the relationship between crop insurance use and total short term debt using our

panel-farm fixed effects specification, across several different farm types.
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First, we consider farms’ leverage and debt repayment capacity utilization, key mea-

sures of farm financial status. We find no compelling evidence that there is any relation-

ship between crop insurance and credit use for the farms who have more financial risk

in our sample. Instead, it is the less-indebted farms driving the relationship we observe.

Debt capacity utilization measures a farm’s financial stress and quantifies an operation’s

debt obligations relative to its current income. When the samples are split at the median

of debt capacity utilization, it is the operations with lower debt capacity utilization, and

thus higher debt repayment capacity, driving the effect on both absolute and relative debt

use. The results from the sample split at the median of leverage also show that it is farms

which are less leveraged that are increasing their short-term debt use in response to crop

insurance. This result suggests that either (1) financial statement lending is not common,

or (2) that the collateral guarantee provided by crop insurance is insufficient to overcome

lender restrictions on borrowers with a weaker financial status. It further suggests that

while liquidity measures may be missing from our main estimating equation, it is likely

not driving our main result.

We also divide our data by two operator characteristics that may affect the relationship

of a producer with their lender: age and years of experience as a farm operator. For

older operators, crop insurance participation is related to higher operating credit use and

intensity, but there is not a statistically significant relationship for younger operators. This

provides some suggestive evidence that, consistent with other studies, younger operators

may be credit rationed, and that crop insurance does not relax these constraints. The

results for operator experience mirror those of age. Similar to our analysis for factors

important to financial statement lending, this results suggests either limited relational

lending or that the collateral guarantee of crop insurance is not a substitute for factors

considered under this type of lending.
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The results of stratified sample analysis are consistent with the presence of credit ra-

tioning or other restrictions put into place by lenders who making decisions based on

financial statements or relationships. Despite anecdotes of lenders requiring crop insur-

ance fir weaker borrowers, this is not borne out in our analysis. Rather, our analysis

suggests that credit rationing may exist, but the collateral guarantee provided by crop

insurance is insufficient to overcome it. This analysis raises the concern that credit ra-

tioning may limit the degree to which risk balancing is observed. While this analysis

does not provide absolute proof that credit rationing limits risk balancing behavior, it

suggests that this is one possible explanation for this and other research (i.e., de Mey

et al. (2014)) that shows that risk balancing is not uniform across various farm types. In

our robustness check section, we explore the direct relationship between crop insurance

coverage and credit constraints using unique data from 2014.

2.4.3 Robustness checks

Cross sectional analysis of coverage levels and credit constraints (2014)

In addition to providing a robustness check for the equivalence of results with an actual

measure of coverage levels relative to premium paid, analysis using 2014 data gives us

additional insight into the relationship between crop insurance and credit constraints.

The results, shown in table 2.6, are consistent with the main results.
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Conditional on participating in crop insurance, the amount of short term debt used by

farms increases with coverage level. Total short term debt is over $4,000 higher for each

additional percentage point increase in crop insurance coverage rate. This relationship

holds across both repaid and outstanding short term debt. Coverage levels however do

not have a statistically significant relationship with leverage, also consistent with our

main results.

Coverage levels have no statistically significant impact on any of our self-reported

measures of credit constraints. This finding suggests that the primary driver of the re-

lationship between crop insurance and short term credit use is likely not the alleviation

of credit constraints facing weak borrowers. This is consistent with our stratified sample

analysis and confirms that, on average, lenders do not allow crop insurance to compen-

sate for other barriers to credit access.

Given that this analysis is only possible with 2014 data, we cannot implement our

preferred panel methods and do not claim a a causal interpretation. However, we are

able to control for a broad set of factors likely to impact financial decisions and crop

insurance participation, including the operator’s risk preference, an often omitted or un-

observed driver of both decisions. Coefficients on this self-reported measure conform to

a priori expectations and are statistically significant. Specifically, farmers who are more

risk-seeking take out more loans, finance a greater share of variable expenses with loans,

are more likely to have their credit applications denied, and are less likely to be deterred

from credit.
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Additional measures of debt use

Our primary analysis focuses on short term debt and leverage, following our conceptual

framework, hypotheses, and previous findings. However, there are additional forms of

credit that may be influenced by crop insurance. In our supplemental appendix, we re-

port full results of our preferred panel models (tables B.8-B.11), with additional measures

of debt use. While farm debt structure likely involves simultaneous decisions, our empir-

ical strategy necessitates estimation of individual equations. Instead, we consider both

disaggregate and aggregate measures of short and long term debt use.

First, we examine the relationship between crop insurance and the intensity of short

term debt use as captured by the share of variable expenses supported by short term

debt [financed]. A positive relationship would suggest a short-term risk balancing re-

sponse as financing a higher share of variable expenses implies higher financial risk, as

opposed to an absolute increase because an absolute increase in short term debt may also

reflect lenders increasing operating credit lines. Crop insurance does not have a statisti-

cally significant relationship with this variable in any of the models, with the exception

of the panel fixed effects model with crop insurance participation (table B.9), where it is

marginally significant. Second, we examine the relationship between crop insurance and

variable expenses [evtot]12. We find strong evidence of a positive relationship between

crop insurance and variable expenses across all four models, which may be due to addi-

tional credit or other effects of crop insurance.

Finally, we examine the relationship between crop insurance and long-term debt, in-

cluding both real estate and non-real estate debt ([dreale] and [dnreale], respectively).

12This variable is calculated using both variable expenses and rental expenses. Crop insurance premiums
are not included.

79



A positive relationship between crop insurance and long-term debt would be consistent

with risk balancing, yet it would suggest that annual guarantees of crop insurance would

extend to noncurrent portion of the balance sheet. In all four models, with one exception

(non-real estate long term debt in table B.11), no measure of long-term debt has a statisti-

cally significant relationship with crop insurance use. This finding suggests a limit to risk

balancing behavior, as a result of limited increases in the demand for long-term debt or

limitations imposed by financial intermediation.

2.4.4 Discussion

We find evidence that crop insurance participation leads to higher short term debt use,

consistent with lender’s response to the collateral guarantee provided crop insurance. In

our farm fixed effects model which addresses farm-specific factors but not simultaneity

of debt use and crop insurance, we see a strong effect on on operating loan volume (re-

paid and total), but not end-of-year outstanding short term debt. This result is consistent

whether using the discrete change from no crop insurance to insurance or an increase in

premium paid. However, when we use the more robust specification reported in table

2.4, we see a more pronounced effect on outstanding short term debt.

We interpret this change through the underlying assumptions of each model. Farms

with higher expenses over time may demand more debt financing, which could lead to

higher crop insurance use. Our farm fixed effects model cannot rule out this explanation.

However, if our underlying assumptions for our IV model are true, we can rule out this

explanation. Higher outstanding and total short term debt implies that lenders have in-

deed increased credit lines, consistent with the higher value of crop-collateral under crop

insurance.
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Our results support our first hypothesis: lenders increase operating credit limits in re-

sponse to coverage insurance use and coverage. From a demand perspective, we cannot

rule out credit rationing or risk balancing behavior as the driver of this result. However,

based on our stratified sample analysis, we find evidence that crop insurance does not

help weaker borrowers access credit. This finding contradicts our second hypothesis but

is consistent with relaxation of broad credit rationing under asset based lending, due to

insurance addressing systemic risk of crop yields. Likewise, the null result for a relation-

ship between leverage and crop insurance suggests that while risk balancing may lead to

an increase in demand for operating credit, it does not lead to higher leverage as predicted

by our third hypothesis.

These findings are generally consistent with previous research (Ifft et al., 2015; de Mey

et al., 2014) and indicate that, although there is a correlation between crop insurance use

and some measures of long term debt use, there is no causal relationship. In sum, the re-

sults provide no evidence for risk balancing for long term debt use or leverage. Economic

theory suggests that the finding may be driven by the relative illiquidity of farmland and

equipment, the main form of collateral for these loans. Further, crop insurance does not

cover the risks associated with long term price declines that affect farm operators and

lenders. Theories of farm risk balancing predict that policies that decrease production

risk could encourage farmers to increase leverage to the point of equity loss (Featherstone

et al., 1988). Given our finding of no relationship between crop insurance and leverage,

crop insurance is not associated with potential equity loss in the farm sector. This finding

is also consistent with the stated purpose of crop insurance programs – to mitigate annual

production and market risk.

The results suggest that farmers risk balancing is, at most, temporary. Crop insurance

increases short term debt use, yet the additional debt does not affect farm solvency. One
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explanation is that debt is repaid quickly enough to not influence leverage. Alternatively,

potential leverage changes may be muted by asset values. Changes in debt levels are

small relative to asset values, as the average U.S. farm business in 2014 had asset val-

ues nearing $2 million, according to the USDA Economic Research Service. In addition,

previous research suggests that the benefits of crop insurance may be capitalized in farm

asset values (Ifft et al., 2014).

2.5 Conclusion

The Federal crop insurance program is designed to support the economic stability of the

farm sector. Through its influence on lender and producer decisions, crop insurance may

improve credit access and reduce credit rationing. However, increasing credit use may

have a destabilizing effect if farms take on riskier financial positions. Drawing from a

comprehensive, national survey of farm-level financial decisions (ARMS), we provide

strong evidence of a causal link between crop insurance and short term farm debt use.

Our results are most consistent with lender’s responding to crop insurance’s usefulness

as collateral for operating loans. This result also suggests that in addition to addressing

systemic yield risk in agriculture, the Federal crop insurance program also addressed sys-

temic risk facing farm lenders. While crop insurance may have addressed credit rationing

related to this systemic risk, it does not appear to increase credit use by weaker borrow-

ers. In addition, the resulting increases in short term debt do not appear to yield increases

in farm leverage.

While our results points towards an important role of crop insurance in loan collat-

eral, our study cannot fully account for credit and asset market equilibria. While crop
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insurance leads to higher short term debt use, we do not find evidence that crop insur-

ance generates additional financial risk, at least from a farm solvency or other long-term

perspectives. The relationship between crop insurance and asset values may also influ-

ence this finding. This is an important topic for future research, but is beyond the scope

of the current study. Weaker borrowers in our sample, as measured by indicators of fi-

nancial statement or relational lending, generally do not have higher levels of operating

credit use in response to crop insurance participation or coverage levels. This suggests

that although lenders likely raised operating credit limits for most operators through crop

insurance use, lending standards remain tighter for riskier borrowers.

Risk balancing is a useful framework for understanding the relationship between farm

policy and financial risk, but financial intermediation is likely limiting the observation of

risk balancing behavior in this study. While our empirical result of higher operating credit

use is consistent with risk balancing, the underlying assumptions of asset liquidity and

credit rationing are commonly violated in farm lending and may underlie our null result

for farm leverage. Experimental studies on risk balancing may be more conclusive than

analysis of farm survey or lender data.

While our study provides plausibly causal estimates of the relationship between crop

insurance and credit, thus substantially improving on previous studies, we do make stan-

dard identification assumptions. By using the instrumental variable developed by Weber

et al. (2016), we are able to examine the relationship between crop insurance and credit

use under a very restrictive specification. This instrumental variable relies on how close

a producer initially was to a program-specified maximum coverage level being uncorre-

lated with current financial and insurance decisions, after controlling for farm-level fac-

tors. This approach allows us to conduct an exhaustive analysis using ARMS data, and

could be validated with analysis using farm management data or future crop insurance
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or farm policy changes.

This study finds that crop insurance plays a key part in the provision of credit to meet

production expenses of the farm operation. This can help farms stay in operation during

periods of sustained low returns or periods of increasing expenses, which typifies our

study period. Generally, higher operating loan use may have a number of long-term ben-

efits for U.S. farms operations. These include farm household income support, produc-

tivity enhancing investments, and farm expansion. While this is beyond the scope of this

study, it is an interesting direction for further study. Given the important role of lenders

in the causal relationship between crop insurance and short term credit use implied by

our study, future research using lender or loan-level data would advance knowledge of

the importance of crop insurance to farm lending and lead to more precise quantification

of impacts. Understanding the factors affecting lending institutions, especially liquidity

of collateral and credit rationing, may be an important part of future empirical research

on farm policy and financial risk. Our empirical strategy necessitates a focus on rela-

tively larger farms for which crop insurance was readily available during our study pe-

riod. Relatively smaller or midsize farms may favor a wider variety of risk management

alternatives, including off-farm income, which is an important topic for future study.13

Understanding lender response to crop insurance may help as the program strives to in-

crease use by diversified farms which have traditionally not participated (Olen and Wu,

2017).

Crop insurance is the foundation of the current farm safety net. The program is de-

signed to provide economic stability for agriculture by addressing the variability of the

returns to farming. Our study suggests that the impact of crop insurance on credit use is

largely in line with policy objectives. Specifically, crop insurance appears to be serving

13We acknowledge an anonymous reviewer for this insightful point.
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as repayment insurance for operating loans, while not leading to higher farm leverage.

As such, there appears to be minimal evidence that crop insurance leads to destabilizing

financial risk in agriculture.
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CHAPTER 3

IS ICE FREEZING US AGRICULTURE? FARM-LEVEL ADJUSTMENT TO

INCREASED LOCAL IMMIGRATION ENFORCEMENT

with Jennifer Ifft

3.1 Introduction

The wide-ranging debate on U.S. immigration policy has economic implications for many

domestic industries that rely on immigrant labor, both authorized and unauthorized, for

their labor force. Depending on the feasibility of mechanization and the substitutability

of immigrant labor, a variety of labor market adjustments and firm-level adaptations are

feasible. However, the impact of current immigration policies and labor force uncertainty

on U.S. businesses is difficult to measure due to the need for firm-level data, as well as

the challenge of disentangling the effects of immigration policy from broader economic

trends. While there is a strong literature that studies the impacts of immigration policies

on both immigrant and domestic workers (e.g., Chiswick, 1978; Borjas, 1987; Ottaviano

and Peri, 2012)), less is known about the impacts of locally enforced immigration policies

on firms. More broadly, the impact of labor scarcity on employment is ambiguous and the

associated endogenous technical change is not fully understood (Clemens et al., 2018).

This paper explores how U.S. farms were affected by a change in local immigration

enforcement intensity due to authorization of the 287(g) program, using an unbalanced

farm-level panel data set and county-level Census of Agriculture aggregates. Similar to

Clemens et al. (2018), we test for evidence of endogenous technological change in the

agricultural sector after an immigration policy-induced labor supply shock. In brief, the
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287(g) program authorized law-enforcement entities that applied and were approved to

function as U.S. Immigration and Custom Enforcement (ICE) agents in order to identify

and detain unauthorized immigrants within their jurisdiction as part of their routine du-

ties. These entities include Sheriff’s Offices and Police Departments in 13 cities and 49

counties across 20 states. Our study provides a firm- and county-level analysis of adap-

tation to these local changes in immigration enforcement. We contribute to an ongoing

national policy debate that is supported by thin empirical evidence on how firms’ non-

wage decisions are affected by a fluctuating labor supply. Further, our approach allows us

to provide evidence on the substitutabilty of native workers and/or capital for immigrant

labor in a sector heavily dependent on an immigrant labor force. Foreign-born workers

tend to specialize in manual labor, which can limit their substitutability (Peri and Sparber,

2009). The extent to which this substitutability exists, if it does at all, is a crucial point of

difference in many arguments about the direction U.S. immigration policy should take,

and plays a key role in theoretically determining firm-level impacts of immigration policy

(Lewis, 2003).

Causal identification of labor supply shocks remains the foremost challenge to un-

derstanding the impact of immigration. Borjas (2003) posits that nearly all studies rely

on the spatial relationship between native wages and immigrant numbers, thus ignoring

the endogeneity between local conditions and the supply of immigrants. Generally, this

has been overcome in two ways: either by exploiting an unexpected exogenous shock,

like the Mariel boatlift (Card, 1990), or by instrumenting for the current immigrant pop-

ulation using the past populations of immigrants from the same place of origin, relying

on the enclaving tendency of immigrants (Card, 2009). The former occurs infrequently

and typically only in one place, affecting external validity, while the latter is only really

effective for urban areas, where such enclaves are able to form.
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Studies of the impact of immigration policy or immigration enforcement on workers

have mixed results. Clemens et al. (2018) finds evidence that at the state level, the 1960

bracero exclusion did not increase wages or employment for domestic farm workers. In-

stead, firms changed production techniques or reduced production intensity. Other pa-

pers have looked at more recent immigration policies or programs, including 287(g). Lo-

cal immigration enforcement through 287(g) had varied employment impacts between in-

dustries (Bohn and Santillano, 2017) and led to a decline in the population of non-citizens

in program jurisdictions (Kostandini et al., 2014). U.S.-born, non-Hispanic whites were

unaffected by E-Verify (Orrenius and Zavodny, 2015). Dustmann et al. (2013) finds that

immigration does depress native wages below the 20th percentile, but increases wages at

the higher end of the distribution, with an overall slightly positive effect of immigration

on wages. In contrast, Borjas (2003) finds a small, but significant, negative impact of im-

migration on wages: an increase in the labor supply of immigrant workers reduces wages

for native competing workers by 3-4%.

This study takes advantage of a natural experiment provided by the spatial and tem-

poral variation of 287(g) program adoption to estimate how U.S. farm businesses adapted

to increased local immigration enforcement. One advantage of analysis of the farm sec-

tor is that its trends are only weakly linked to those in the general economy. For most

other industries, labor supply and firm revenue are strongly linked to broader economic

conditions. Further, there is strong evidence the local farm economy is not integrated

with the local nonfarm economy, especially in ways relevant to our study: it is highly

unlikely that crop prices or farm profitability are influencing crime levels or law enforce-

ment or vice versa. We use two different sets of agricultural survey data, one firm- and

one county-level. We consider evidence for endogenous technical change, defined by the

impact of 287(g) authorization on farm- and county-level fuel expenditure, labor expendi-
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ture, number of workers (county-level only) and acres harvested–the available variables

that provide the best evidence on how employers adjusted labor use, capital mix, and

production intensity. Due to data limitations, we are not able to consider wage impacts

or directly estimate labor supply or other elasticities.

We implement a novel and robust instrumental variables strategy for local immigra-

tion enforcement decisions: we use measures of local jail occupancy before 287(g) autho-

rization, which are arguably unrelated to agricultural production decisions, as instrumen-

tal variables for the decision to participate in 287(g). Aggregated up to the county level,

both 1999 and 2006 local jail occupancy and pre-2006 local jail renovations are strong

predictors of 287(g) participation, with little evidence of any relationship to farm sector

activity. There was a widespread belief that 287(g) could increase revenue from jail deten-

tions(Shahani and Greene, 2009), which underpins our first stage and is not influenced by

anecdotes that this revenue was not realized. Further, we find no evidence of farm or non-

farm sector pretrends that could be influencing our results. This approach allows us to

provide one the first plausibly causal estimates of the economic impact of local immigra-

tion policy on U.S. firms. Similar to Clemens et al. (2018), we find evidence that, to some

degree, firms used more intensive production methods in response to 287(g). We do not

find evidence of changes to labor expenditure, but a decline in workers, which suggests

some combination of an increase in wages and use of more skilled labor. Overall, we find

evidence of partial or incomplete substitution of capital, as well as decline in agricultural

land use, after a labor supply shock caused by increasing local immigration enforcement.

This suggests that areas with more stringent immigration enforcement may disadvantage

sectors that use manual or immigrant labor and, perhaps unsurprisingly, that endogenous

technical change may not occur in response to local labor supply shocks.

89



3.1.1 Labor supply shocks and endogenous technical change

Under theoretical models of endogenous technical change, a decrease in the supply of one

type of labor causes substitution away from that type. If production technology can al-

ways adapt to the available labor supply, different industries will be largely unaffected by

policy changes that change the relative availability of a “type” of worker. The underlying

assumption of adaptive technological change may be violated in industries, like agricul-

ture, that rely on manual labor. In examining the sector-level response to labor supply

shocks, Lewis (2003) finds that such shocks do not affect the local sector mix. Instead, in-

creases in the supply of a type of labor, such as manual immigrant labor, tend to increase

the relative factor intensity of that type, with no effect on wages. The labor supplied by

and demanded of immigrant workers in agriculture may also differ from that of native

workers, and anecdotal evidence indicates it is difficult to procure native workers to do

many manual agricultural tasks, even for relatively high wages (Peri and Sparber, 2009;

Clemens, 2013). In addition to potentially not having ‘competing’ workers, other factors

of production, like machinery, may only partially substitute for labor.

Clemens et al. (2018) develop a theoretical framework to analyze the impact of a la-

bor supply shock on the agricultural sector. In it, they describes three potential outcomes

for agriculture after a labor supply shock. If capital, technology, or output cannot adjust,

farm wages will increase. If adjustment is possible within a ‘cone of diversification’, factor

intensity but not wages will increase in response to changes in factor supply. The ‘cone’

is essentially an area where both automated and traditional technologies are feasible and

substitution between them is possible. In response to the ‘bracero exclusion’ that Clemens

et al. (2018) analyze, or more broadly to a decline in immigrant labor supply, their model

of endogenous technical change predicts no changes to wages, an increase in output that
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uses automatic harvest technology, and a decline in output that uses traditional harvest

technology. In the absence of fully substitutable automatic technologies, or when substi-

tution is incomplete, wages will rise and output could fall to the point where alternative

land uses become more profitable.

3.1.2 Immigrant labor and the farm economy

The farm sector provides a unique setting for causal identification of the firm-level im-

pacts of a specific immigration policy. Changes in outcomes in other industries that uti-

lize undocumented labor, such as hospitality and construction, are difficult to untangle

from general economic trends. However, the farm sector is not strongly tied to general

economic conditions. For example, during the recession that began in 2008, U.S. farms

were much less affected than the rest of the economy (Shane et al., 2009). Hornbeck and

Keskin (2015) show that productivity, revenue, and land value gains in agriculture largely

do not influence the non-agricultural sector. The economic spillovers of agricultural gains

are limited to only the immediate short run and are not persistent. Weber et al. (2014) find

a similar result using recent data on crop price shifts, confirming only weak links between

farm revenue and non-farm income or employment. This may reflect, to some degree, a

small and stable farm population: the number of U.S. farms has been stable at slightly

over 2 million since 19701.

Immigration policy and enforcement have serious implications for U.S. farms. Ap-

proximately half of U.S. farm workers are estimated to be “undocumented”, or lack legal

status to work in the U.S. (Zahniser et al., 2012). Richards (2018) estimated that in Cali-
1See https://www.ers.usda.gov/data-products/ag-and-food-statistics-charting-the-

essentials/farming-and-farm-income/
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fornia, a 50 percent decline in undocumented workers would lead to 22 percent increase

in farm wages. While significant mechanization of U.S. agriculture has occurred over the

past several decades, many types of fruit, vegetable, livestock, greenhouse, and nursery

specializations still rely on hired labor to perform complicated or delicate tasks. While

labor expenses are only 17 percent of cash expenses for the U.S. farm sector, this share ap-

proaches 40 percent for more labor-intensive specializations (Zahniser et al., 2012). There

may be localized shortages of farm labor across the U.S.: Hertz and Zahniser (2013) identi-

fied several counties with farm worker wage growth of over 40 percent where agricultural

employment has fallen.

Similar to the general literature on labor and immigration policy, studies on farm labor

issues have focused on wages, labor supply, and migration decisions (e.g., Buccola et al.,

2012; Taylor et al., 2012; Fan et al., 2015). Kostandini et al. (2014) find that authorization of

local (county) immigration enforcement through 287(g) leads to a decline in non-citizen

population levels, based on population estimates from the American Community Survey.

They also consider the association between sector-level outcomes and 2007 287(g) autho-

rization. However, they do not make causal claims about how immigration enforcement

impacts the agricultural sector at the firm level.

3.1.3 The 287(g) program

Over the last decade, anti-immigrant sentiment has become increasingly codified at the

local level, motivated by discontent with state- and national-level approaches. For ex-

ample, some localities have passed ordinances requiring proof of legal residency to ob-

tain housing or have designated English as the “official language” of their municipality

(Guzman, 2010). Other jurisdictions have taken even more explicit action through an im-
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migration enforcement program now widely known as 287(g). This program, outlined

in Section 287(g) of the 1996 Immigration and Nationality Act, allows law enforcement

officials at the state, county, or city level to be deputized as national immigration agents

and enforce national immigration policy within their jurisdiction. Jurisdictions elect into

and are approved for one of two 287(g) “models”, the jail model or the task force model,

or can choose to have both. The jail model limits enforcement to is limited to checking

immigration status as part of the intake process for someone already being jailed. With

the task force model, enforcement reaches farther: for example, local officials can check

a person’s immigration status during a routine traffic stop. If the person does not have

legal status, the 287(g) deputy can then begin the procedure to remove him/her from the

United States. Although 287(g) has been on the books since 1996, it has only been in the

last decade and a half that law enforcement agencies have sought enrollment in the pro-

gram. Because counties select into program participation, and then are either approved

or declined by ICE administration, there is a group of counties that wished to participate

but could not. In section 4.2.2 we extend our analysis to include these counties, picking

up the impact of 287(g) as a proxy for local anti-immigrant sentiment, which presum-

ably exists in all the counties that applied for 287(g) authorization, regardless of official

approval.

While the 287(g) program’s stated intent was to identify and remove only dangerous

undocumented individuals, analysts debate the extent to which implementation aligned

with this intention. Those opposed to its widespread implementation have argued that

it provides the means for local law enforcement to racially target and harass residents of

their jurisdictions (Shahani and Greene, 2009). Although the direct removal of immigrant

labor that this program authorized was non-trivial in many places, the policy’s true im-

pact may have been as a signal to immigrants considering where to locate. This signalling
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effect is by no means limited to 287(g): a program that mandated E-verify in Arizona in

2007 was shown to reduce the population share of of “Hispanic non-citizens” relative

to other states (Bohn et al., 2014). Through both direct action and indirect signalling,

implementation of 287(g) is related to a decrease in the local immigrant population and

immigrant labor, regardless their of legal status (Watson, 2013; Kostandini et al., 2014).

Because there is both temporal and spatial variation in the implementation of this pro-

gram, it provides a unique opportunity to study the impacts of local (here, county-level)

shocks to the population of immigrants. Bohn and Santillano (2017) used a contiguous-

county pairs identification strategy for 287(g) participation and find diverse county-level

employment impacts, while Dee and Murphy (2018) use difference-in-difference and triple

differences to find that 287(g) reduces the population of Hispanic students in a jurisdic-

tion by 10% over two years. Many contributions to this area have focused on aggregated

measures of employment or industry-level outcomes following 287(g) program imple-

mentation, such as (Kostandini et al., 2014), who estimated the immediate (2007 only) as-

sociation between 287(g) participation and 2007 non-citizen population and some county-

level indicators of farm labor supply shocks. Here, we look at the farm sector’s response

to this negative labor supply shock. Our outcomes include measures of the shock’s mag-

nitude, shorter term production decisions made as a response to this shock, and longer

time estimates of the impact on farm profitability and financial stability.
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3.2 Data

3.2.1 Farm survey data

Data on production decisions and farm structure come from two national farm surveys,

both conducted by the United States Department of Agriculture (USDA). The Agricul-

tural Resource Management Survey (ARMS) is the only nationally representative annual

farm-level survey. This cross-sectional survey collects detailed data on production ac-

tivities, finances, and household characteristics. In most years, approximately 20,000

farms complete ARMS. Data collected from ARMS inform official agricultural statistics

and have supported a wide body of research (Kuethe and Morehart, 2012).

ARMS uses a stratified random sampling procedure. Because of its large sample size

relative to the U.S. farm population, over 60,000 farms have been included in ARMS at

least twice since its inception in 1996. Weber et al. (2016) took advantage of these repeated

observations to create an unbalanced panel to analyze the impact of crop insurance partic-

ipation on fertilizer expenditure. We use a similar unbalanced panel to analyze the impact

of 287(g) authorization on various farm production decisions. While farms are randomly

selected, larger farms are over-sampled due to their low numbers relative to the rest of

the population and lower response rates. While this may be an issue for studies that want

to draw implications for the entire farm sector, our study is concerned with farms that are

labor intensive or use hired labor. Farms in the ARMS panel tend to be relatively large,

as detailed by Weber et al. (2016), and so this sampling design provides us farms that are

more likely to impacted by immigration policies. Of the approximately 23,000 farms in

our sample, nearly 500 are located in 287(g) counties.
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3.2.2 County-level farm survey data

While survey weights are provided for ARMS to calculate population-level statistics, they

are only applicable to single-year analyses due to survey design. Hence, our estimates

will be representative of farms that were randomly sampled more than once over our

study period (1996-2012). Farm attrition is a potential concern, as is the external validity

of our sample. Additionally, ARMS data are subject to survivor bias, in that our sample

only considers farms in operation before and after 287(g) authorization. We address these

issues and complement our ARMS analysis with analysis of publicly available county-

level Census of Agriculture data, which are collected from all U.S. farms every five years.

Response to the Census of Agriculture is mandatory and so represents a much broader

population than ARMS; these data allow us to understand how labor supply shocks af-

fected the entire farm economy. Census of Agriculture data provide an opportunity to

understand the local farm sector and individual farm impacts.

3.2.3 Immigration enforcement data

In 2007, twenty-four (24) jurisdictions signed memoranda of understanding (MOU) with

ICE and enrolled in the 287(g) program. By 2010, the number had reached its peak with

fifty-four (54) jurisdictions enrolled; these are pictured in figure 3.1. As the map shows,

participants are concentrated in the south, although a wide range of agricultural produc-

tion systems are represented. For the purposes of our analysis, the level of treatment

is at the county level, meaning that a county is considered in the program if its own

law enforcement body, generally Sheriff’s Offices, has 287(g) authorization, or if city in

the county has signed an approved 287(g) agreement between its police department and
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ICE.2

Figure 3.1: Counties with a 287(g) program

A county signing an MOU with ICE measures participation in 287(g) on the extensive

margin. In data accessible via a Freedom of Information Act (FOIA) request, ICE provides

two yearly (and, in some cases, monthly) measures of the intensity of 287(g) enforce-

ment for each participating jurisdiction in the program. ‘Aliens identified’ measures the

number of undocumented immigrants identified by local deputized officials, and ‘aliens

departed’ measures the number of those that were successfully removed from the juris-

2In addition to the city and county agreements described here, 13 states also had 287(g) agreements,
typically between ICE and the state’s Department of Corrections. Because these agreements were only
likely to impact already incarcerated immigrants, their effect on farm workers is likely to be low.
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diction.3 As such, aliens departed is the stronger measure of enforcement, although both

measures quantify the extent to which a county acts on their 287(g) mandate. Appendix

table C.1 has summary statistics for enforcement data, showing the high degree of vari-

ability of 287(g) enforcement measures across counties.

There are 134 jurisdiction-year observations where no aliens were identified, and 149

during which none were departed. A 287(g) program both directly reduces the supply of

immigrant labor in a county, but also discourages potential immigrant laborers. Watson

(2013) shows that the 287(g) task force model significantly discourages immigrant inflows

to a 287(g) location, in addition to pushing immigrants from 287(g) areas. The impact of

this out-migration is equivalent to a 15% decline in predicted labor demand, by Watson’s

calculations. Importantly, Watson’s work also shows that these local immigration en-

forcement policies do not drive workers out of the United States entirely, or discourage

undocumented immigrants from entering the U.S., but rather cause within-country or

within-state migration between local areas that have the program and those that do not.

3.3 Empirical model

Our empirical model tests for evidence of endogenous technical change in response to a

local labor supply shock. We use the theoretical model of Clemens et al. (2018) to inform

our choice of outcome variables from available data reported in ARMS and the Census.

Under this framework, we consider the impact of 287(g) authorization on labor expendi-

ture, fuel expenditure, number of workers, and acres operated. When possible, we com-

plement the farm-level outcome from ARMS with its corresponding county-level measure

3We follow the official language used by ICE here, hence the use of “departed” to describe this action
rather than the more commonly seen “deported”.
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from the Census and vice versa. Table 3.1 reports average values of these outcomes prior

to program onset.
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By analyzing the impact on number of workers, we are able to test the finding of Ko-

standini et al. (2014) and others of a 287(g)-induced labor supply shock. No change to

wages is predicted with endogenous technical change within in the ‘cone of diversifica-

tion’. Although hourly wage data is not available, labor expenditure is reported in ARMS

(per operation) and the Census (per county), and the number of workers per county is

reported in the Census. Although under endogenous technical change no increase in

wages is possible, labor expenditure could decrease, if, for example, the number of hours

worked declines with higher use of automatic technology. On the other hand, if there are

more dynamic changes due to operators’ inability to substitute for workers or technol-

ogy, the impact on labor expenditure is indeterminate. More skilled workers may require

higher wages even if hours decrease.

To test whether the use of ‘automatic technologies’ increases, we consider fuel expen-

diture, which is available in both surveys. Given that changes to fuel prices are largely

driven by global oil prices, an increase in fuel expenditure would suggest an increase in

use of automatic technologies that require more fuel. While we cannot precisely mea-

sure acres operated with automatic technologies, we can measure total acres operated by

operation (ARMS) and by county (Census). A decline in acres would suggest that full

substitution from one production type to another was not possible, and that alternative

land uses became more profitable.

3.3.1 OLS model

These outcome variables are modeled as a function of 287(g) program authorization (ef-

fectively, codified immigration discouragement). We also control for whether or not a

non-participating county bordered a 287(g) county, because there could be spillovers to
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neighboring counties, as suggested by Watson (2013). It is uncertain a priori whether

287(g) would increase or decrease immigrant labor supply and cost in nearby counties:

that is, whether a 287(g) program deterred immigrants from an entire area or whether

they simply relocated from a program county to neighboring counties. A similar result

for 287(g) and border counties could suggest general economic or property value trends

as a potential confounder, or at least motivate further investigation of these trends.

We use a farm fixed effects model with the ARMS data, as time-invariant farm-level

characteristics, such as specialization, have a strong relationship with labor use. While

our ARMS panel is unbalanced, we expect no bias other than that imposed by stratifica-

tion (previously discussed), as farms are observed based on random selection into ARMS.

However, farms had to exist after the policy went into effect, so our results are interpreted

as representative of surviving farms in operation before and after the policy. Thus, our

basic estimating equation is as follows:

Yict “ α0 ` α1Gct ` α2Bct ` τt ` γi ` εict (3.1)

where Yict is the outcome of interest for farm i in county c at time t; Gct is either an

indicator for 287(g) participation or a measure of 287(g) enforcement; Bct is an indicator

for whether a non-287(g) county c borders a 287(g) participating-county in year t, τt are

year fixed-effects, γi are farm fixed-effects, and εict represents variation in the dependent

variable that cannot be explained by the model. For our analysis of ARMS data, we cluster

standard errors to be robust to correlation at the strata4 level to take into account survey

4Strata are based on value of farm sales, but the strata variable is not available before 2005 in our dataset.
We group estimated value of farm sales into 30 clusters, based on pre-287(g) gross cash farm income and
value of contract production.
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design, based on the recommendation of Weber et al. (2016). We also estimate standard

errors that account for various levels of spatial correlation in section 4.3.

Respectively, our estimating equation for Census of Agriculture data is as follows,

with the unit of observation being a county c and year t, with t P r1997, 2002, 2007, 2012s:

Yct “ α0 ` α1Gct ` α2Bct ` τt ` γc ` εct (3.2)

Results from the estimation of these naive models are reported in table 3.2.

3.3.2 Instrumental variable strategy

The farm or county fixed effects regressions described by equations 3.1 and 3.2 will not

provide causal estimates of the effect of 287(g) participation if participation is correlated

with other economic factors that also influence farm sector outcomes. Farms located in

287(g) counties are different in many dimensions than farms in other counties (see table

C.2), and these counties do have a higher number of pre-program farm workers (table

3.1). Broad farm sector trends appear be similar between 287(g), border and other coun-

ties, and key population trends are also similar. However, participation in 287(g) itself

is not random, as law enforcement agencies select into the program. Participation and

the presence of immigrants in a jurisdiction could therefore be subject to reverse causal-

ity: a high immigrant population could make 287(g) participation more popular, while

at the same time enforcement decreases the immigrant population directly through re-

movals and indirectly by signalling hostility towards immigrants. While our use of farm

(county) fixed effects controls for farm (county) characteristics and static local political
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and geographic conditions, we cannot prove that broader social or economic factors are

not driving both farm decisions and 287(g) participation or enforcement levels. We thus

address the potential endogeneity of 287(g) participation by using measures of local law

enforcement intensity before 287(g) program authorization as instrumental variables (IV).

As part of preliminary research on the 287(g) program, we spoke to representatives

from about one-third of enforcement units that had ever been enrolled in 287(g) about

their interest in the program. The most common reasons shared for motivation for 287(g)

participation were “politics” and the belief that there was the potential to earn revenue

through the program by housing suspected unauthorized immigrants. While we found

insufficient variation in voting patterns for a standard ‘election outcomes’ instrumental

variables approach, various measures of local capacity for housing detainees turned out

to be highly correlated with 287(g) authorization. We discuss potential confounding ef-

fects for this relationship in section 3.2.3, and see only limited viability for any alternative

explanations.

County jail activity and the 287(g) program

In addition to offering local law enforcement a “political trophy in local law enforcement

campaigns”, law enforcement agencies may have seen in 287(g) the perceived potential

for financial gains (Shahani and Greene, 2009). Despite statutes disallowing such reim-

bursements, there have been concerns that ICE has “misrepresented” the extent to which

this is actually the case. Shahani and Greene (2009) cite evidence that, even if this was

not actually true, local law enforcement were under the impression that they would be

reimbursed for the cost of housing incarcerated non-citizens under the 287(g) program.
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Therefore, we use changes in a county’s aggregated jail occupancy5 over time, which mea-

sures the number of “empty beds” in county jails to instrument for program participation.

Data on jail occupancy come from the Census of Jails, which is conducted by the Bu-

reau of Justice Statistics every five to six years and surveys every locally operated jail facil-

ity in the United States; measures are taken to ensure that complete coverage is achieved

for a small subset of variables.6 These include information on the rated capacity of a jail,

or the total number of inmates the facility can legally hold, and the total population of

inmates. To construct our instrument, both measures, which are recorded at the facility

level, are aggregated up to the county level; values from the 2005/2006 Census are used

to measure pre-program capacity for 2007 and later, and values from the 1999 Census are

used before 2007.7 We define occupancy as the total population subtracted from the rated

capacity, such that a negative value for occupancy indicates prison overcrowding and a

positive value indicates an emptier facility.

Appendix figure C.1 shows the distribution of jail occupancy across the United States.

Although there are certainly areas where jail over-crowding occurs, there is no evidence

that there is meaningful spatial autocorrelation. The Moran’s I, a standard measure of

spatial correlation, is not significantly different than zero using the minimum threshold

distance spatial weights matrix for US counties (see appendix figure C.2). Although this

does not definitively prove that jail capacity in one county does not impact capacity in

its neighboring counties, it alleviates concerns that county-level jail populations move

5Vacancy may be a more accurate term in this case, but we use ‘occupancy’, as it is less emotive and a
more general term that can encompass either overcrowding or unused space.

6States with combined jail-prison systems (Connecticut, Delaware, Hawaii, Rhode Island, Vermont, and
Alaska) are not included in the Census. Only one 287(g) jurisdiction (City of Danbury, CT) is in one of these
states, and none are states with a particularly large agricultural sector.

7The Census of Jails was scheduled to occur in 2005; however, it was split into the the 2005 Census of
Jail Inmates and the 2006 Census of Jail Facilities in order to ease administrative burden. Each iteration
reported total population and rated capacity with almost universal coverage.
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together.

To demonstrate the mechanism of increased law enforcement activity and the robust-

ness of our approach, we also estimate our results using: (1) annual pre-program jail

renovations and (2) renovations and occupancy together. These alternatives address the

potential concern that jail occupancy as an IV may reflect population loss. Analysis of

jail construction and renovation data indicates that 287(g) counties were making larger

investments in local jail capacity well before the program was authorized (appendix fig-

ure C.3). Appendix table C.3 contains statistics on jail renovation and construction by

287(g) status: in almost every pre-287(g) year, future 287(g) counties were constructing

or renovating their jails. This IV uses a smaller sample than the occupancy IV, due to

non-response for the renovation and construction questions.8 Appendix figure C.4 shows

total renovations between 1997 and 2006 by county across the U.S.; no spatial correlations

are calculated due to the preponderance of zeros in this value. High levels of law en-

forcement activity or a more ‘active’ local law enforcement culture are likely key drivers

of both jail renovations, jail occupancy, and interest in 287(g) participation. Even if local

population growth or crime was a factor behind each of these, the lower levels of oc-

cupancy in 287(g) counties suggest disproportionate investment in jail capacity, and the

differences in jail renovation behavior between 287(g) and non-287(g) counties point to

a potential mechanism that explains why the jail capacity in a county is predictive of its

interest in the program.

8Although the 2006 Census of Jail Facilities was mandatory, approximately 33% of counties’ jail(s) did
not answer the questions on jail renovations and construction: non-response was 18% for 287(g) counties
and 35% for border counties. Appendix table C.4 compares the pre-program outcome variables across
counties that did and did not report jail renovation data. Counties with jail data tend to have a more robust
agricultural sector: they have more farms, and larger farms, on average, as well as more farm workers. This
means that counties with jail renovation data are more likely to be responsive to any potential labor shocks
caused by 287(g). Further analysis shows that these differences are driven by the control counties, rather
than the program or border counties. That is, our sample of control counties for this specification is more
likely to be sensitive to a fluctuating agricultural labor supply.
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2SLS model

Because we use an instrumental variable, all of the coefficients from our main results

are estimates of the local average treatment effect (LATE). We estimate the effect of pro-

gram participation only for compliers, or the sub-population of counties whose 287(g)

status was manipulated by jail occupancy. The counties who would have participated

in 287(g) regardless of their jail occupancy are not part of this group: our instrumental

variables strategy identifies off of counties with a more active local law enforcement cul-

ture. As such, we report reduced form estimates with jail occupancy and renovations as

the independent variable of interest. These results are presented in appendix table C.8.

Ultimately, we are interested in how farms adapt to labor shortages driven by changes in

immigration policy enforcement. To the degree that our estimates capture local enforce-

ment relative to actual 287(g) participation, our estimates should still reflect the impact of

enhanced enforcement on firm behavior.

Our estimating equation using jail occupancy levels as an instrumental variable (Zctq)

for 287(g) participation is as follows, with instrumented 287(g) participation represented

by G˚ct and the other variables defined as in equation 3.1:

Yict “ α0 ` α1 G˚ct
loomoon

“Zct

`α2Bct ` τt ` γi ` εict (3.3)

We also estimate an equivalent specification, with county-year observations and county

fixed effects for use with Census of Agriculture data.

Yct “ α0 ` α1 G˚ct
loomoon

“Zct

`α2Bct ` τt ` γc ` εct (3.4)
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Exclusion restriction

The validity of our jail occupancy instrumental variable rests on the plausibility of farm

decisions and outcomes being unrelated to local jail investment decisions and law en-

forcement intensity. We consider a variety of factors and trends that may be related to

both farm outcomes and local law enforcement and find no evidence to suggest that

there is any consistent relationship between them. Further, we find no explanation for

how program counties, which are spread across the country, differ structurally from their

neighboring counties in a way that would influence our analysis.

Jail occupancy varies spatially and temporally. Because we examine agricultural out-

comes in the relatively few counties with 287(g) programs, the remaining counties in

the United States, including counties that border 287(g) counties, form the control. If

there were any economy-wide (or even state-wide) trends driving our findings, the ef-

fects would not be localized in just the 287(g) counties. Indeed, any such effect would

have to impact these counties differently from their neighbors but have the same effect

across the 287(g) program group, which represents a variety of economic, agricultural,

and even legal systems, to the extent that laws and regulations differ by state and county.

County economic specialization

Using the 2004 County Typology data from the USDA Economic Research Service (ERS),

which characterize a county’s sectoral economic dependence and other policy-relevant

features, we can compare 287(g) counties to the rest of the country in 2004, before 287(g)

adoption in any county. This comparison is summarized in appendix table C.2, which

shows that while many differences exist between 287(g) counties and counties without
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the program, these differences generally do not compromise the exogeneity of the in-

strument. Most importantly, these data indicate that none of the 287(g) counties are

agriculture-dependent (see appendix figure C.5).9 Although weak to begin with, the con-

nection between economic trends at large and trends in the farm economy are likely to be

strongest in counties considered agriculture dependent. As no counties that participated

in 287(g) could meet even this low threshold for dependence on agriculture, it is even

less likely that general economic conditions affecting jail occupancy or renovations in a

county would also be impacting agriculture or vice versa.

Another important difference between 287(g) counties and non-287(g) counties is that

no 287(g) county experienced population loss, defined as a significant decline in the

county population between the 1990 and 2000 census. In addition, none of these coun-

ties lost significant population between 2000 and 2010, using the 2015 edition of this data

set. Further, only 2% of 287(g) counties are classified as being low-employment counties

by the ERS, where a low-employment county is one where less than 65% of the working

age population in the county is employed. This is significantly different than the 15% of

non-287(g) counties, and this difference is maintained in the 2015 ERS data as well. Hop-

kins (2010) found that counties with increasing unemployment were more likely to enact

anti-immigrant ordinances; what we see here is actually the opposite, in that most 287(g)

counties did not experience widespread unemployment. Other factors, rather than job

loss or other economic decline, are likely driving 287(g) participation.

These classifications, therefore, provide some evidence that these are not a subset of

counties doing significantly worse economically than other counties, and neither are they

9According to the ERS, a county is agriculture-dependent if it meets one of two criteria: either 1) farm
earnings account for an annual average of 15 percent or more of total county earnings during 1998-2000 or
2) farm occupations account for 15 percent or more of all occupations of employed county residents in 2000.
See https://www.ers.usda.gov/data-products/county-typology-codes.aspx for more information on these
data.

109



counties where poor outcomes in the agricultural sector are likely to affect outcomes for

the county’s non-farm economy.

Local population shifts

Concerns that growing, rather than shrinking, populations drive both jail occupancy and

agricultural outcomes are mediated first by the calculation of the occupancy instrument

itself. While both county jail population and county jail rated capacity are strongly and

positively correlated with total county population (r “ 0.88 and r “ 0.84, respectively),

the difference between the two, or the county jail occupancy in our specifications, is only

weakly negatively correlated with total county population in a given year (r “ ´0.09q.

Although not a perfect control, because county population estimates may be endogenous

due to inclusion of non-citizens, we also estimated our primary model with annual county

population in the estimating equation.

The counties that participated in 287(g) include many major urban areas: for exam-

ple, Davidson County, TN (Nashville); Fulton County, GA (Atlanta); and Los Angeles

County, CA (Los Angeles). Although these counties are atypical in terms of both popu-

lation (incarcerated or otherwise) and farm outcomes, we test whether our main results

are consistent when the largest urban areas are excluded from our sample of both treated

and control counties. We use two approaches to exclude more urban areas from our anal-

ysis. First, using rural-urban continuum codes (RUCC), we are able to exclude the largest

urban areas. Second, both county and city governments had the opportunity to enroll in

287(g). We expect the county-wide programs to have more force, as they cover the ru-

ral and agricultural parts of a county where law enforcement officials are more likely to

encounter farm workers. However, if our results were driven by growth in these cities
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competing with agriculture, we would see the opposite–limited impact of the county-

level programs.

A related potential confounding factor is that changes in housing values, or in other

non-agricultural property values, could potentially affect farm asset values and opera-

tional costs as well as being related to broader economic trends that influence law enforce-

ment. When data on housing values in 287(g) counties is compared to data on housing

values in neighboring counties, however, there is little evidence that the trend in housing

values is different between the two. Tests of the difference in the means of median hous-

ing values, for properties with and without a mortgage, between 287(g) counties and

border counties reveal no significant differences. Appendix figure C.6 shows the trend

across the study period for properties with and without a mortgage. If property values

were driving the results we find, there is no reason to expect one county to be affected

by changing property values while leaving neighboring counties untouched. Instead, we

see property values in both groups moving together, with no statistically difference in any

year, which provides some evidence that housing value trends are not confounding our

estimation strategy.

Weather

Weather patterns, including trends of increasing temperatures, may affect jail occupancy

as well as farm outcomes. The lumpiness of jail capacity or renovations data makes ana-

lyzing this relationship statistically challenging: while we have access to monthly or even

daily weather for each county, jail capacity and renovations are measured only once a

year. This complication actually strengthens the exclusion restriction: because the coun-

ties that enacted 287(g) are spread across the country, the growing seasons differ in each
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county. In order for weather to have an impact it would have to affect different counties

with different weather patterns and agricultural systems in the same way, while affecting

border counties differently than their neighboring program counties.

Recent studies suggest that there is a strong correlation, if not a causal relationship,

between an area’s temperature and crime levels. Ranson (2014), for example, finds a

strong positive effect of temperature on criminal behavior over the last 30 years, using

U.S. county-level data. However, yields typically decline with temperature (Rosenzweig

et al., 2001). Likewise, greater precipitation, which dampens levels of crime according

to some studies, increase yields for agricultural commodities. As such, even if weather

had some impact in each county on jail occupancy, the weather events driving an area’s

jailed population differ from those driving its agricultural outcomes. This potential effect

would bias downwards any impact of 287(g) on agriculture in the context of our empirical

strategy: increasing temperatures, especially in the southern part of the US where 287(g)

programs are concentrated, would inhibit rather than enhance agricultural production.

Farm workers and crime

There is little evidence to suggest that farm workers, whether native or immigrant, com-

mit crimes with any more frequency than other members of the population. In fact,

agriculturally intensive counties have significantly lower rates of virtually all crimes for

which statistics are reported, although this may be due to the rural nature of these areas

as opposed to farm sector intensity. Nonetheless, comparison of the means across these

two groups, for a selection of reported crimes, can be found in appendix table C.5.

Extensive research on the relationship between immigration and crime has been con-

ducted (Bell and et al., 2013), with most empirical studies finding no relationship between
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increased immigration to an area and the crime rate. Because many of these papers use

an IV approach where the population of immigrants from a particular country is the in-

strument, and these data are generally only available for urban areas, their focus is on

the impact in cities. However, as Bell and et al. (2013) point out, immigrant workers may

experience an extra disutility from crime compared to native workers, as they face the ad-

ditional penalty of deportation. This is especially true for undocumented workers, who

make up a large share of the agricultural workforce.

Recent studies provide no evidence that immigrant farmworkers drive crime-related

trends. Hopkins (2010) finds that counties with higher crime rates are actually less likely

to consider anti-immigrant ordinances. Likewise, the Secure Communities program, which

allowed for the Federal government to check the immigration status of anyone locally ar-

rested, had no impact on local crime levels (Miles and Cox, 2014). Bianchi et al. (2012)

found, using data from Italy from 1990-2003, that a higher immigration population did

not cause an increase in the crime rate. Robberies did increase, but were a small share

of all criminal activity. Hines and Peri (2019) find that increase in deportations under the

Secure Communities program did not affect violent or property offenses. Thus, based on

available evidence, we believe that it is unlikely that an increasingly criminal immigrant

farm labor force was driving both agricultural outcomes and jail occupancy or renova-

tions during our study.

3.4 Results

In this section we report results on the impact of county 287(g) participation on farm and

county-level indicators of endogenous technical change. For the purposes of estimating
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the impact of local immigration enforcement on agriculture using a comparable control

group, we restrict our analysis to states that contain at least one local 287(g) program in

our main results. This limits the extent to which our results could be driven by comparing

outcomes across very different agricultural production areas, although we do explore

the implications of this assumption in our robustness check section. We first estimate

equations 3.1 and 3.2: the impact of 287(g) at the farm (ARMS) and county (Census) levels

without an instrumental variable (see table 3.2)10.

10The reduced form estimates of the impact of the instrumental variable on the outcomes are available in
appendix table C.8.
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As discussed, these estimates may be influenced by county- or farm-specific trends

correlated with 287(g) participation and farm outcomes. Our main results account for

this endogeneity by estimating equation 3.3 using farm-level data and equation 3.4 us-

ing county-level data. The first stage results for both specifications are reported in ap-

pendix table C.9. The first stage confirms that both jail occupancy and jail renovations are

strongly correlated with 287(g) participation using the standard benchmarks for strong

instrumental variables. The county-level Census variables are not perfect replications of

information reported from ARMS, because variable availability differs, and, more impor-

tantly, the data sets each represent a different population of farms. However, both data

sets provide information on endogenous technical change in agriculture after implemen-

tation of 287(g).

Following these results, we present a variety of robustness checks designed to test

whether the main results are sensitive to various changes in the model specification.

These changes include the alternative instrumental variables described above (section

4.2.1), alternative measures of enforcement (section 4.2.2), and different control groups

(section 4.2.3). In 4.2.3, we also describe results from placebo tests designed to eliminate

concern that either time trends or idiosyncrasies about these particular counties drive

these results. Section 4.3 describes the sensitivity of our findings when our preferred

specification is estimated under different assumptions regarding standard errors. In our

final results section, we extend our analysis of the 287(g) acreage response by presenting

results for specific acreage allocations. We also report analysis of a group of outcomes

that represent the possible impacts of a labor supply shock on the financial health of the

local farm economy, or the financial viability of individual farms in program counties.11

11As with our main results, we report the OLS and reduced form specifications for these results in ap-
pendix tables C.10-C.13.
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3.4.1 Main results

In table 3.3, we report coefficients for key dependent variables. Fuel expenses per farm

and the county level both increase as a result of 287(g) program authorization, while the

number of workers and number of acres operated in a county both decline. The decline

in workers combined with the increase in fuel suggests farms’ attempts at substitution,

while the decline in acres is evidence that these efforts fell short of maintaining previous

levels of production.
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We find that the primary change at the farm level was in fuel expenses, which in-

creased substantially for farms in program counties. Increases in fuel expenses suggest

that farm operators had to replace farm labor with equipment, or at least increased their

use of equipment. Fuel-powered machinery is one of the only available substitutes for

farm labor, although its effectiveness may not extend to all tasks. Our coefficient suggests

an average increase of nearly $81,000 per operation in 287(g) counties. Fuel is a major

farm expense, averaging nearly $37,000 per farm in a 287(g) county. This large coefficient

suggests relatively larger farms increased fuel use in response to 287(g).

Program counties are operating significantly fewer acres, although the farms in the

ARMS sample are not decreasing the size of their operations. The decline of 16,000 acres

in program counties is roughly 16 percent of the average acreage in 287(g) counties. The

most direct evidence of a negative labor supply shock, however, comes from column (7)

of table 3.3: the number of agricultural workers in 287(g) counties declined by more than

2,000. This is slightly more than the mean number of workers in 287(g) counties; counties

with more labor intensive agriculture were likely more effected. It is unlikely that this

decline is the result of direct 287(g) action, but rather it is driven by the signalling impact

of 287(g) for immigrants, both with and without legal authorization to work.

We do not find a statistically significant change in labor expenses at the farm or county

level. This suggests that wages may have increased, given the decline in number of farm

workers. However, it is unclear the degree to which this reflects use of more skilled or

managerial labor, versus a relative increase in wages for manual labor. Given the increase

in fuel expenses and a decline in acreage, we would expect some substitution to more

expensive types of workers. Overall, our results suggest that some farms were able to

adapt to 287(g), but the decline in acreage suggests limited endogenous technical change

in response to the program.
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3.4.2 Robustness checks

We conduct multiple robustness checks for our main specification. In addition to being

generally robust to different approaches for standard error estimation, our results are

largely consistent under a variety of control groups, noisier measures of 287(g) imple-

mentation, and changing the composition of the non-treated, counties. We also conduct a

series of placebo tests to test the validity of our instrumental variable strategy.

Alternative IVs

As discussed above, earlier construction of new jails and renovation of existing ones could

be one mechanism through which expanding jail capacity influenced program participa-

tion. To test this, we use the running total of jail renovations in a county as an alternative

instrument and report the results in table 3.4. Although weaker, the results are consis-

tent with the evidence of a labor supply shock found above: increasing fuel expenses at

both the farm and county level, as well as a direct decline on the number of workers in a

county. We also use both the occupancy and renovations instrumental variables together,

again with consistent results. These results appear in appendix table C.14.
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Alternative measures of enforcement

Although we see an impact on farm production decisions using authorization alone,

which suggests strong signalling effects, we also have access to information on the exten-

sive margin of program participation by each program jurisdiction. Statistics on the num-

ber of “aliens identified” or “departed” in a given jurisdiction in a year are also reported

by ICE. “Aliens identified” is the number of potentially unauthorized individuals taken

into custody by local authorities, and “aliens departed” is the number of undocumented

individuals who left the county, willingly or otherwise, as a direct result of identification

via 287(g) action.12

While authorization of 287(g) is our preferred measure, we also consider the magni-

tude of 287(g) implementation by estimating our main specification using measures of

local enforcement levels for each county-year observation in place of 287(g) authoriza-

tion. These results appear in table 3.5 and appendix table C.15 for aliens identified and

departed, respectively. While the coefficients are difficult to interpret in light of the issues

discussed above, this approach allows us to further validate whether we are observing

a 287(g)-induced labor supply shock. Counties with higher levels of implementation or

enforcement would likely have been less attractive to farm workers than counties with

minimal enforcement.

12These measures are imperfect because they do not account for county size or the local undocumented
population; however, measures of local undocumented populations are also problematic. For example,
“share of noncitizens” is the best available indicator of the total population of undocumented immigrants
in a county, but does not provide an accurate count of undocumented immigrants for comparison to the
population “identified” under 287(g). Further, previous work has provided evidence that 287(g) reduced
the population of all immigrants in a county, regardless of their documentation status (Kostandini et al.,
2014).
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In this noisier specification, the direction of coefficients and levels of statistical signif-

icance for 287(g) counties reported in these results are consistent with those reported in

table 3.3. The magnitude of the effect of an additional departure is larger than the effect

of an additional identification, which is consistent with deportation being a stronger anti-

immigration measure than identification. While the coefficients should be interpreted

with caution given the lack of data on the total undocumented population, these results

highlight that the impact on farm operations of higher enforcement was consistent with

that of authorization.

In addition, anti-immigrant hostility or increased policing of immigrant communities

is not necessarily restricted to communities with 287(g) programs. There are, for exam-

ple, counties or cities that applied for 287(g) program authorization but were denied.

These counties may have had similarly hostile environments to authorized counties, but

without any official mandate. By restricting our treated sample to these counties alone

(excluding counties with 287(g) authorization), we can pick up the effect of being in a rel-

atively more immigrant-hostile community on farm production decisions and the farm

economy.

Our county-level results are largely robust to this specification, although with lower

levels of statistical significance and lower magnitudes. Counties that wanted but were de-

nied 287(g) programs have fewer agricultural workers in the period after their application

was denied. They also have fewer agricultural acres operated, as in the main specifica-

tion. Unlike in program counties, we also find a lower level of labor expenses, as well

as lower fuel expenses (see table 3.6). Taken together, these outcomes could indicate de-

clining levels of production, which suggests law enforcement attitudes as a deterrent for

farm workers and low substitutabilty between native and immigrant farm workers. With

farm-level data (ARMS), we find no statistically significant relationship of 287(g) with
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fuel expenditure. There were only slightly over 200 farms in denied counties, which is

less than half the number of farms in counties with 287(g) authorization, which means

that our estimates may be less precise than when using counties with authorization.
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In a separate specification, we include all the jurisdictions that wanted 287(g) autho-

rization, grouping both treated and denied counties together, and report these results in

table 3.7. These results are very similar to those in our main specification: fewer acres

operated, increased fuel expenses, and a decreasing population of agricultural workers.

Like the results for the denied-alone group, we also see lower labor expenses for counties

that wanted a 287(g) program, irrespective of whether they received it. Results for ARMS

variables are very similar to the results for farms in 287(g)-authorized counties only, but

this may reflect the larger population of farms in authorized counties.
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Alternative control groups

As discussed, demographic change, through forces such as population loss or urbaniza-

tion, is one potential confounder of these effects. To address the former, we show that

none of these counties were classified as experiencing significant population loss (see ap-

pendix table C.2). For the latter, we run our main specifications on a sample of counties

that excludes (1) all of the largest urban areas from both the treated 287(g) group and from

the control and (2) counties with city-level 287(g) programs. These results are presented

in table 3.8 and appendix table C.16. Our findings from section 3.4.1 on per-county acres

operated and on the number of workers per county from the Census specifications are ro-

bust to these restricted specifications. The results on fuel expenses do not hold; increased

fuel costs may have been correlated with production in more urbanized counties.
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We expect the county-wide 287(g) programs to be more salient for farm workers, who

are likely to spend most of their time in rural areas. If our results were driven by urban-

ization, we would expect to see impacts from city-level programs as well. Results that

exclude city-level programs show that our findings are indeed driven by the county level

programs (see appendix table C.16, although there is a small signaling effect of 287(g)

from city programs. These results, along with a specification controlling for county pop-

ulation (see appendix table C.17, address concerns that major demographic shifts drive

both jail occupancy and farm outcomes.

When we drop urban areas or city-program counties from ARMS, we lose nearly half

of our treated farms. Given that treated ARMS farms may or may not use hired labor

and represent a smaller number of farm specializations, generally it is not surprising that

our result for fuel expenditure becomes inconclusive. However, pressure from metropoli-

tan areas does not explain the decline in acres operated or in the number of agricultural

workers, which suggests our empirical strategy isolates the 287(g) labor supply shock.

Generally, this analysis suggests some interesting heterogeneity in 287(g) response which

is difficult to isolate with our data sets and empirical strategy.

To address concerns that our results reflect characteristics of these particular counties

or nation-wide trends in agriculture, we perform a series of placebo or falsification tests

for our Census results13. These results do not provide definitive evidence of the validity

of our instrument, but instead address concerns about pre-trends or other confounding

factors driving our results in the treated counties. In the first placebo test, we naively treat

the year 2002 as the year 287(g) authorizations began for the treated counties. In doing so,

we effectively shift our analysis five years into the past: for example, a county that signed

13Data structure, as well as slow processing times through secure data access for farm-level ARMS data,
preclude us from implementing similar approaches with farm-level data
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an MOU in 2008 is modeled as having signed it in 2003. In this test, significant coefficients

would suggest that endemic characteristics of these treated counties, other than the 287(g)

program, are driving our results. We find only one weakly significant coefficient (on fuel

expenses) in this analysis, which is reported in table 3.9.
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Table 3.9: Census placebo test: Authorization moved 5 years ear-
lier, 1997-2007

(1) (2) (3)
Acres

operated
per county
(Census)

Fuel
expenses

($)
(Census)

Labor
expenses

($)
(Census)

287(g) authorization -129 -19,919 924,895,544
(285) (24,948) (816,792,052)

287(g) border -5.05 -7,888** 28,947,413
(25) (3,270) (58,750,081)

County FE YES YES YES
Farm FE NO NO NO
Year FE YES YES YES
Observations 3,944 3,814 3,950
Number of counties 1,335 1,325 1,335

a Standard errors robust to correlation at the strata level (ARMS) and
heteroskedasticity-robust (Huber-White) standard errors (Census) in
parentheses

b *** pă0.01, ** pă0.05, * pă0.1
c Source: USDA Agricultural and Resource Management Survey (ARMS);

US Census of Agriculture (NASS QuickStats); BJS National Jail Census;
ICE FOIA Proactive Disclosures

d 287(g) authorization manually set to five years earlier than actual autho-
rization; outcome variables limited to those available at the county level in
1997
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Another concern is that it is not a characteristic of the counties in question that are

driving results but instead that the results are the product of widespread trends in agri-

culture, or unobserved characteristics of the time in which these programs were enacted.

To address, though not fully refute, this claim, we perform a similar placebo test to the

one described above, except instead of naively treating the year, the timing is kept con-

stant and it is counties across the contiguous United States that are assigned to 287(g)

treatment status. We randomly selected 53 counties, without replacement, and randomly

assigned them the start date of an actual 287(g) county. Although this method falsely

assumes an equal likelihood of 287(g) enrollment across all counties, it is a useful exer-

cise to highlight a lack of general, country-wide economic trends behind our results. This

process was replicated 500 times, with nothing to indicate more than spurious results.14

We are also able to explore whether there are certain 287(g) counties that are driving our

results by randomly dropping 10% of the treated sample and re-running our main specifi-

cation. Our findings from table 3.3 are robust to this procedure, and there is no indication

a particular county is driving these results.15

Finally, our results are robust to a specification that uses all counties in the contigu-

ous United States in the control, rather than limiting the control group untreated, non-

adjacent counties in states with a 287(g) jurisdiction, as in our main specification. These

results are available in appendix table C.20. Because program participation was based

on self-selection, every county in the United States had the opportunity to participate:

nonetheless, program participation is concentrated in counties in the southern part of the

United States and does not uniformly represent all agricultural systems. Our restricted

control group takes into account that program participation may not have been as viable,

economically or politically, in different parts of the country.

14Results reported in table C.18.
15Results available in table C.19.
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3.4.3 Standard errors

We report standard errors that are robust to correlation at the strata level for the ARMS

results (following Weber and Clay (2013)) and heteroskedasticity-robust standard errors

for Census results, and acknowledge that any single approach to estimating standard

errors for this study requires assumptions that may not always hold. Our results are

largely consistent across a number of approaches to specifying standard errors. In the

Appendix, we report our main results with standard errors robust to correlation at the

ERS production region and state level (appendix tables C.21 and C.22, respectively), as

well as county-level clusters for our Census outcomes (appendix table C.23).

None of these levels of clustering are entirely appropriate. Agronomic conditions,

weather, and cropping patterns are not constrained or contained by state (or county)

boundaries, and so clustering at the state level ignores these important relationships in

the dependent variable that cross state lines. The agricultural region clusters were im-

plemented in part to address this: the regions disregard state boundaries and look only

at counties that are agronomically and agriculturally similar. They are limited in their

suitability, however, as resource regions contain many states: there is likely within-state

correlation of standard errors related to law enforcement practices, agricultural or legal

policies, and immigrant populations. Further, at the region level, an insufficiently large

number of clusters becomes a concern.

While more numerically intensive approaches are not possible for our farm-level data

due to slow processing times through secure ARMS access, we are able to use estimate

wild cluster bootstrap standard errors following Cameron and Miller (2015) with Cen-

sus data, which are noted in appendix table C.21. We also report Conley spatial standard

errors for Census data, which are robust to correlation within 200km from the county cen-
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troid. The Conley spatial standard errors are not designed to be used with an IV, so the

results are reported from manual 2SLS in appendix table C.24. Our main results are gen-

erally consistent across these varied assumptions regarding standard error calculation.

3.4.4 Additional measures of 287(g) impact

Together, farm- and county-level results show evidence of a negative labor supply shock

with limited endogenous technical change. As such, farms may be making longer-term

adjustments that affect their profitability and operational structure. Our data also allow

us, although with imprecise measures, to consider 287(g) impacts on substitution between

crop type and impacts on farm viability. We first estimate the impact of the 287(g) pro-

gram on a set of variables related to specific acreage allocations. Although not a direct

test of the theory of endogenous technical change due to data limitations, we examine

whether there is evidence of operations shifting acreage in or out of different production

specializations, which may to some degree reflect increased use of automatic technol-

ogy. This effectively disaggregates the “acres operated” outcome into possible component

parts: vegetable acres harvested, fruit acres harvested, and mechanized acres harvested.16

While many fruits and vegetables can be mechanically harvested, others cannot; harvest

of many other crops, like field or row crops, is almost entirely mechanized. To evaluate

the degree to which farmers are able to switch to less labor-intensive crops, we aggregate

acres for all crops individually reported in ARMS that are typically mechanically har-

vested.17 Vegetable and fruit production is generally more labor-intensive, so a decline

in the number of vegetable or fruit acres harvested may reflect less labor use. Similarly,

16All of these are calculated from the ARMS data and thus farm-level; of these, only vegetable acres
harvested is reported in the Census. All are only reported in terms of acres harvested.

17These crops are barley, canola, corn, cotton, hay, oats, peanuts, potatoes, rice, sorghum, soybeans, sugar,
tobacco, and wheat.
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an increase in ‘mechanized crops’ would suggest substitution between different types of

production. Our data does not allow us to capture a shift from manual to automatic tech-

nologies within the fruit and vegetable category. Table C.6 presents summary statistics

for this set of supplementary outcomes.

We find no statistically significant change in acres of fruit, vegetables, or mechanized

crops harvested, shown in table C.25. While unexpected, this may reflect our inability

to distinguish between processing and fresh market speciality crop production, or the

degree to which fruit and vegetable production is mechanized. Our null result for ‘mech-

anized acres’ may reflect the high cost associated with changing production system, or

agronomic suitability playing a primary role relative to labor costs or shortages. Fur-

ther, we also observe that counties adjacent to a 287(g) county experienced a statistically

significant increase of 17 vegetable acres harvested, which is about half of the average

non-287(g) county production. Hypothetically, 287(g) authorization could have deterred

immigrant labor in adjacent counties or encouraged workers to move to these border-

ing counties. This result provides some suggestive evidence that there may have been

positive labor supply spillovers associated with 287(g). In other words, undocumented

workers may have moved to nearby counties, where production practices are similar, but

do not have the punitive 287(g) authorization programs in place. This may have allowed

farms in bordering counties to expand production levels without increasing expenditure.

The endogenous technological change framework suggests a decline in production in

terms of output and land use if labor and technology are not substitutable or if substitu-

tion is incomplete. This could lead to a decline in firm profitability or other, broader local

economic impacts. We augment our ability to predict the long-term effects of labor sup-

ply shocks on the farm economy using a set of variables that capture the financial health

of the farm business. These outcomes, summarized in table C.7, include machinery value
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and real estate asset value, two measures of the agricultural asset base; net cash farm in-

come, a measure of farm profitability; and two measures that approximate the long term

viability of the farm business (value of debt held) and of the county-level farm economy

(number of farms). Changes in these variables point to larger structural changes in the

local farm sector. In particular, number of farms captures the most extreme outcome,

farm exit or ceased operations, that can occur as a result of a challenging farm business

environment. Both net farm income and asset value assess whether the changing pro-

duction environment is reflected in farms’ financial status and asset holdings. Farm asset

values reflect market expectations for long-term profitability of the farm business, with

labor shortages potentially being capitalized into asset values. Changing machinery val-

ues could reflect a shift to automatic technologies, as well as changes to the quantity of

machinery and equipment owned by farm operations.

Although no truly long-term impacts can be considered, we have data from up to five

years following 287(g) implementation. Results of our analysis of the relationship be-

tween 287(g) and various indicators of farm financial status are reported in table C.26. For

the farm-level data, we do not find strong evidence that the relationship between 287(g)

and farm machinery value, net income, real estate asset value or debt is statistically differ-

ent than zero. For these ARMS farms, sampled before and after 287(g) implementation,

this provides no support for broader impacts for farms that survived post-287(g). Our

negative, weakly significant coefficient on real estate values does provide suggestive evi-

dence that our results of 287(g) impact are not confounded by urban development, which

typically drives up land values (Borchers et al., 2014).

However, results using the Census data do suggest a decline in the farm economy of

treated counties: most importantly, a significantly smaller number of farms in these coun-

ties. This joint decline in both the number of farms and the number of acres is also ac-
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companied by a decline in net income and machinery value. Although machinery value,

one important farm asset, declines in value, we do not observe any change in real es-

tate asset values at the county level. This finding suggests that our findings in general

are not driven by urbanization pressures or other land use changes that drive up land

values. It is also worth noting that our farm-level sample is more representative of large,

commercial-scale operations. While detailed analysis of structural change in the farm sec-

tor is beyond the scope of this study, the difference in results using farm and county level

data suggest that larger farms may have been more likely to survive in a higher-labor cost

environment.

3.5 Conclusion

This study provides a unique and robust analysis of how enhanced local immigration en-

forcement affected firms in a sector with a high level of undocumented immigrant labor.

We use an unbalanced panel of farm survey data and a balanced panel of county-level

agricultural Census data to test the degree to which endogenous technical change occurs

in response to local labor supply shocks in agriculture. We consider the impact of county-

level authorization of the Delegation of Immigration Authority 287(g) program, which

through authorization alone had a strong deterrent affect on undocumented workers and

has been linked to a lower local population of “non-citizens”. Based on reported percep-

tions of possible revenue generation through 287(g) participation, we developed a novel

approach to address the potential endogeneity of participation in the 287(g) program. We

use pre-program county jail occupancy as an instrumental variable, as pre-program jail

occupancy is strongly correlated with 287(g) participation and arguably exogenous from

farm sector trends. This instrumental variables approach may be useful in future studies
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on law enforcement and immigration policy; further, the first stage may be relevant to

scholars of criminal justice and local government.

We find that county participation in 287(g), across a number of specifications, leads to

increased fuel expenditure at the farm and county level, as well as a decline in the number

of workers and land in farms at the county level. Likewise, we do not find evidence of

a change in labor expenditure at the farm or county level. Jointly, these results imply

(1) consistent with other studies, 287(g) caused a a labor supply shock; (2) farms that

remained in operation likely used machinery more intensively; (3) suggestive evidence

that wage levels increased or that there was increased use of skilled/managerial labor;

and (4) limited substitutability of immigrant farmworkers, as indicated by the decline

in land in farms in 287(g) counties. The impacts are generally consistent using either

farm-level or county-level data, although in some cases coefficients do reflect the different

populations and survey methodologies. Overall, we see limited evidence for endogenous

technical change in the case of enhanced local immigration enforcement.

Our data and empirical strategy preclude estimation of labor supply or demand elas-

ticities. Available data unfortunately provide insufficient information on agricultural

wages, worker types or meaningful output quantities. We also do not observe specific

production technologies and our measures of mechanization are noisy, i.e., we cannot dis-

tinguish between fruit and vegetable production that uses different levels of automation.

As such, we rely on measures of production expenditures, acres operated, and number

of workers, which are the best available direct measures of responses to a labor supply

shock and may reflect endogenous technical change. Another concern is how results

of this study are interpreted. We estimate the local average treatment effect, which is

driven by counties whose participation in 287(g) was driven by lower jail occupancy and

likely reflects ‘active’ local law enforcement. As our broad research interest is local im-
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migration enforcement as opposed to any particular program, we believe that our results

provide important information about about how a sector that is dependent on manual

labor responds to a local labor supply shock. Further, our study cannot predict what

would happen in the event of a nationwide change in immigration policy that affected all

farms–external validity is limited by the narrow geographic scope of 287(g) participation.

Evaluation of programs that are more widely implemented would improve external

validity of future research, especially policies across different jurisdictions. State and na-

tional policies may provide opportunities for further analysis of how the farm sector is

responding to labor supply shocks. Analysis of firms in other sectors that use manual la-

bor would provide broader information on the impacts of immigration policy on the U.S.

economy. Future work would be improved by accurate, precise data on actual wages by

worker type, production quantities, specific crop type and automation technologies. This

would allow for a more structural interpretation of our findings and more provide more

detail on farm and sector-level adaption to labor shortages. The growth of guestworker

programs may provide insight into the substitutability of immigrant labor.

Immigration policy will likely continue to be politically contentious and it is uncertain

whether a political agreement will ever emerge to provide more certainty for sectors with

high levels of undocumented labor. Our results imply that the agricultural sector did, to

some degree, adapt to increased local immigration enforcement through the 287(g) pro-

gram, but they also provide strong evidence that neither technology nor native workers

are complete substitutes for undocumented farm workers when local immigration en-

forcement increases. This implies that locations with relatively stringent immigration en-

forcement, or an otherwise restricted labor supply, may be less competitive for production

of labor-intensive crops. Given that 287(g) was not widely implemented, it is not surpris-

ing that mechanization or innovation or substitution with native workers in response to
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the policy was limited. Broader, national policy changes such as the bracero exclusion

considered by Clemens et al. (2018) may be more likely to induce mechanization, with

impacts consistent with endogenous technical change. Current investments in robotics

(Seabrook, 2019) suggest that the tight domestic labor market and current immigration

policies may be driving innovation for the sector as a whole.

Our research suggests that firm-level impacts are an important part of the broader lit-

erature that considers the many impacts of immigration policy: wages, the well-being of

individuals unauthorized to work in the U.S., fiscal impacts, and others. While mecha-

nization and robotics increasingly characterize the global economy, labor shortages spe-

cific to particular industries or specializations are likely to endure through economic and

political changes. The impact of these shortages on firms is an important part of the po-

litical, and economic, debate on immigration policy.
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APPENDIX A

CHAPTER 1 OF APPENDIX

Table A.1: Data sources for import penetration measure

Variable Source

fi j95 IPUMS 1990*
Li j95 County Business Patterns 1995
Li95 County Business Patterns 1995
Mcu

jt Comtrade 1996
Y j96 Comtrade 1996
M j96 Comtrade 1996
X j96 Comtrade 1996

*Census 5% sample
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APPENDIX B

CHAPTER 2 OF APPENDIX

B.1 Additional results
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B.2 Full results and summary statistics
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Table B.12: Full results: OLS with coverage rate and 2014 cross section

(1) (2) (3) (4) (5) (6) (7) (8)
totalshort financed dshort repaid leverage denied deterfromcredit creditprob

Coverage levela 4,255*** 0.00672*** 2,037** 2,218** 0.00171 0.00108 3.54e-06 0.00107
(1,439) (0.00249) (883.1) (1,003) (0.00131) (0.000924) (0.000497) (0.000953)

Attitude toward risk 20,343*** 0.0203*** 7,631*** 12,712*** -0.000417 0.0217*** -0.00459** 0.0176***
(3,979) (0.00775) (2,803) (2,432) (0.00420) (0.00280) (0.00178) (0.00299)

Share acres under RP 2,056 -0.0336 -3,927 5,984 0.0425* 0.0148 -0.00290 0.0124
(23,835) (0.0453) (16,983) (16,153) (0.0244) (0.0171) (0.0109) (0.0184)

Insured commodity:

Soybeans 189,683* -0.0359 137,889 51,795 -0.0435 0.0311 -0.0689*** -0.0320
(110,943) (0.0849) (102,588) (41,993) (0.0270) (0.0485) (0.0171) (0.0492)

Wheat -1,924 -0.00386 870.0 -2,794 -0.0261 -0.0147 -0.0242 -0.0390
(34,023) (0.0663) (23,882) (17,888) (0.0270) (0.0250) (0.0147) (0.0264)

Cotton/Generic -10,079 0.00393 5,099 -15,177 -0.0275 0.0163 -0.0194 -0.00170
(45,991) (0.0727) (29,473) (26,506) (0.0318) (0.0294) (0.0163) (0.0307)

Rice 21,171 -0.0537 -56,006 77,176 0.0681 0.145*** -0.0138 0.128**
(94,772) (0.115) (42,243) (79,912) (0.0845) (0.0526) (0.0295) (0.0538)

All other 34,197 0.0667 -153,332** 187,528* 0.364 0.0969 -0.0744*** 0.0230
(122,590) (0.116) (67,154) (102,741) (0.384) (0.0817) (0.0228) (0.0833)

High school grad -15,370 0.0511 35,582* -50,952 -0.00257 -0.153*** -0.0154 -0.168***
(62,991) (0.0714) (20,926) (54,849) (0.0276) (0.0429) (0.0255) (0.0426)

Some college -27,014 0.0201 24,657 -51,671 -0.0267 -0.136*** -0.00513 -0.140***
(62,796) (0.0718) (20,432) (54,781) (0.0274) (0.0432) (0.0258) (0.0429)

College grad -23,707 0.0339 39,747* -63,453 -0.00183 -0.164*** -0.0180 -0.180***
(65,807) (0.0752) (23,855) (56,460) (0.0294) (0.0436) (0.0259) (0.0433)

$250,000-$499,999 -243,417*** -0.00389 -116,381*** -127,035*** -0.00531 -0.0285 0.00418 -0.0237
(36,870) (0.0377) (17,934) (25,897) (0.0211) (0.0197) (0.00935) (0.0200)

$100,000-$249,999 -235,358*** 0.0318 -127,693*** -107,665*** -0.0257 -0.0807*** 0.0228** -0.0595***
(47,004) (0.0485) (21,305) (34,218) (0.0325) (0.0212) (0.0112) (0.0217)

$40,000-$99,999 -236,041*** 0.0212 -133,709*** -102,331** -0.0307 -0.108*** 0.0371** -0.0755***
(55,360) (0.0728) (24,762) (40,299) (0.0644) (0.0250) (0.0148) (0.0262)

$20,000-$39,999 -228,372*** -0.0807 -135,005*** -93,367** -0.0908** -0.202*** 0.0251 -0.181***
(61,144) (0.123) (27,300) (44,150) (0.0365) (0.0342) (0.0219) (0.0370)

$10,000-$19,999 -189,757*** -0.102 -126,797*** -62,960 -0.150*** -0.220*** 0.0713* -0.155***
(63,386) (0.146) (27,787) (47,928) (0.0318) (0.0410) (0.0396) (0.0489)

$9,999 or less -236,878*** 0.0670 -148,920*** -87,958* -0.194*** -0.234*** 0.103** -0.146***
(69,461) (0.357) (32,148) (51,393) (0.0331) (0.0416) (0.0458) (0.0505)

Acres operated 90.15*** -6.46e-06 28.47*** 61.68*** -3.27e-06 2.02e-06 7.86e-07 2.74e-06
(26.62) (5.43e-06) (10.73) (18.96) (2.82e-06) (3.51e-06) (1.27e-06) (3.40e-06)

Share acres owned 401.5 0.0192*** 405.2 -3.695 -0.00347 -0.00188* 0.00360*** 0.00172
(830.7) (0.00193) (486.8) (532.3) (0.00299) (0.00103) (0.000388) (0.00130)

Total off-farm income 0.233 2.18e-08 0.0942 0.139 -3.08e-08** -7.06e-08*** 5.51e-08** -1.74e-08
(0.173) (5.83e-08) (0.0712) (0.133) (1.31e-08) (2.10e-08) (2.73e-08) (4.08e-08)

Percent cropland 348,698*** -0.203 146,074*** 202,624*** 0.133*** 0.0268 -0.0172 0.0132
(79,861) (0.124) (50,838) (54,295) (0.0414) (0.0385) (0.0221) (0.0401)

Operator age -2,509*** -0.00987*** -1,142** -1,368** -0.00583*** -0.00436*** -0.00119*** -0.00548***
(799.1) (0.00164) (552.9) (537.9) (0.000758) (0.000577) (0.000291) (0.000587)

Wheat -163,434*** -0.0978 -59,211* -104,223*** 0.0129 -0.0719** -0.0179 -0.0911**
(49,669) (0.0799) (34,241) (29,868) (0.0293) (0.0344) (0.0184) (0.0354)
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Corn 29,374 0.0440 16,686 12,688 0.0372 -0.0152 0.0114 -0.00439
(27,649) (0.0445) (17,190) (19,263) (0.0318) (0.0222) (0.0110) (0.0227)

Soybeans 4,245 0.0788 -1,300 5,546 0.0204 -0.0191 0.00390 -0.0161
(23,252) (0.0550) (15,285) (16,255) (0.0272) (0.0226) (0.0116) (0.0233)

Sorghum -142,574 0.191 -62,261 -80,313 -0.0561 0.127 0.0546 0.177**
(97,165) (0.220) (55,215) (71,993) (0.0596) (0.0885) (0.0636) (0.0860)

Rice -402,735** 0.0133 14,430 -417,164*** -0.116 -0.260** 0.0750 -0.193*
(189,123) (0.143) (109,017) (148,531) (0.331) (0.106) (0.0528) (0.111)

Tobacco 284,559 -0.0352 59,901 224,658 0.0480 0.0167 0.0112 0.0287
(226,017) (0.130) (80,972) (200,154) (0.0670) (0.0941) (0.0567) (0.0992)

Cotton -44,082 0.179 30,049 -74,132 -0.109 0.00371 0.0118 0.0180
(100,585) (0.119) (44,211) (95,154) (0.0794) (0.0568) (0.0320) (0.0571)

Peanut -65,109 -0.113 -21,017 -44,093 -0.106 -0.0981 -0.0105 -0.113
(83,609) (0.146) (43,111) (72,817) (0.0835) (0.0965) (0.0417) (0.0999)

Other crops 23,241 0.0642 47,227 -23,986 -0.0368 0.0140 0.00410 0.0196
(53,223) (0.0774) (41,173) (32,655) (0.0299) (0.0351) (0.0193) (0.0363)

Fruit -296,304 -0.311*** -124,375 -171,928* -0.401** -0.215* -0.0513** -0.259**
(181,985) (0.112) (121,540) (104,053) (0.162) (0.118) (0.0222) (0.119)

Vegetable 825,256*** 0.638 227,744** 597,512** -0.0113 0.111 -0.0199 0.0960
(289,050) (0.513) (99,899) (259,530) (0.0439) (0.0956) (0.0517) (0.0912)

Nursery -103,246 -0.346*** -18,976 -84,270 0.0400 0.240 -0.0658*** 0.181
(204,272) (0.133) (131,507) (96,742) (0.0629) (0.291) (0.0240) (0.294)

Cattle 186,391*** 0.00964 109,009*** 77,382** 0.0254 0.0206 -0.0234* -0.000501
(59,322) (0.0628) (39,319) (34,383) (0.0218) (0.0298) (0.0130) (0.0305)

Hogs -66,367 -0.0183 -56,902* -9,465 0.0107 -0.0311 0.00414 -0.0258
(57,258) (0.152) (33,108) (40,222) (0.0318) (0.0515) (0.0246) (0.0525)

Poultry -67,483 -0.0951 -49,255 -18,228 0.103* -0.000337 0.0101 0.0101
(71,614) (0.120) (46,133) (45,172) (0.0604) (0.0731) (0.0399) (0.0762)

Dairy 4,619 -0.299*** 36,378 -31,759 0.0357 0.0485 -0.00590 0.0440
(66,863) (0.0558) (55,505) (30,690) (0.0394) (0.0376) (0.0190) (0.0386)

Other livestock 123,866 0.0163 -11,376 135,242 0.0140 -0.0365 -0.0347 -0.0659
(130,487) (0.144) (59,939) (119,475) (0.0610) (0.0704) (0.0275) (0.0709)

Non-farm employment -28,717 0.0400 148.8 -28,866** 0.0934* -0.00118 -0.0182 -0.0151
(22,060) (0.0603) (16,513) (12,629) (0.0493) (0.0209) (0.0119) (0.0219)

Not in workforce 20,265 0.166 3,222 17,044 -0.0244 -0.0488 -0.0750*** -0.115***
(37,496) (0.228) (18,392) (30,556) (0.0243) (0.0424) (0.0207) (0.0444)

Number of operators 40,106* -0.0266* 23,330** 16,776 -0.00234 0.00562 0.00501 0.0104
(20,521) (0.0154) (11,450) (15,945) (0.0101) (0.00795) (0.00634) (0.00797)

Retired from farming -25,338 -0.117 -32,847** 7,509 -0.0245 -0.0148 0.0285 0.00946
(31,627) (0.0976) (14,620) (27,172) (0.0246) (0.0349) (0.0255) (0.0398)

Female -90,731 -0.0377 -37,998 -52,732 0.00583 -0.0508 -0.0246 -0.0726*
(64,197) (0.115) (35,033) (39,177) (0.0442) (0.0414) (0.0212) (0.0432)

Nonwhite or Hispanic -83,807 -0.152 -39,879 -43,928 -0.0514 -0.0369 0.0420 0.00819
(56,825) (0.0953) (31,983) (37,393) (0.0493) (0.0639) (0.0422) (0.0663)

State FE YES YES YES YES YES YES YES YES
Constant -394,113** 0.757** -146,318 -247,795** 0.408*** 0.471*** 0.168*** 0.629***

(167,170) (0.311) (96,582) (123,559) (0.111) (0.113) (0.0604) (0.115)
Observations 5,063 5,057 5,063 5,063 5,061 5,063 4,608 5,063
R2 0.227 0.049 0.099 0.215 0.037 0.088 0.037 0.078
Robust standard errors in parentheses

*** p<0.01, ** p<0.05, * p<0.1

a Coverage level is calculated as an acres-weighted average across all of an operation’s covered crops.
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Table B.18: OLS relationship between IV (weberiv op) and de-
pendent variables

Dependent variable Coefficient Std. Err. Obs. R2

(1) repaid -232.7 (1,785) 65,333 0.116
(2) dshort 886.0 (1,930) 65,333 0.051
(3) totalshort 653.3 (2,829) 65,333 0.123
(4) financed 0.0190*** (0.00307) 65,208 0.024
(5) evtot -858.2 (3,346) 65,333 0.204
(6) dreale 12,691*** (1,800) 65,333 0.068
(7) dnreale 4,776*** (997.1) 65,333 0.057
(8) leverage -0.308 (0.298) 65,321 0.002

a Robust standard errors in parentheses.
b Includes controls for farm and operator characteristics, state FE, and year

FE
c *** p<0.01, ** p<0.05, * p <0.1
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APPENDIX C

CHAPTER 3 OF APPENDIX

C.1 Figures
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Figure C.2: Moran’s I rejects spatial correlation for jail occupancy

175



Figure C.3: 287(g) counties were investing more in local jails since 1996
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Figure C.4: U.S. jail renovations, 1997-2006
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Figure C.5: Counties with the 287(g) program and those classified as agriculture-
dependent
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Figure C.6: Housing values followed a similar trend in program and border counties
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C.2 Summary statistics

Table C.1: Summary statistics: 287(g) participation and jail occupancy

287(g) counties Non-287(g) counties
mean SD n mean SD n

287(g) authorization: all years 33.5% 47.3% 212 0% 0% 5100
287(g) authorization: 1997 0% 0% 53 0% 0% 1275
287(g) authorization: 2002 0% 0% 53 0% 0% 1275
287(g) authorization: 2007 39.6% 49.4% 53 0% 0% 1275
287(g) authorization: 2012 94.3% 23.3% 53 0% 0% 1275
287(g) enforcementa 57.5% 49.7% 106 - - 0
Year 287(g) program authorizeda 2007.6 0.9 106 - - 0
Aliens identifieda 457.6 908.2 106 - - 0
Aliens departeda 258.2 596.5 106 - - 0
Jail occupancy pre 2007 -121.6 1006.9 212 -22.2 306.9 5100
a Conditional on having 287(g) program authorization
b Sample is restricted to counties in states that have a jurisdiction with a 287(g) program
c Source: ICE FOIA Proactive Disclosures; Bureau of Justice Statistics (BJS) National Jail Census
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Table C.2: Summary statistics: County typology comparison between 287(g) and non-
287(g) counties

Non 287(g) counties 287(g) counties 287(g) border counties
mean mean mean

County is:

farm dependent
0.142***

(0.349)
0

(0)
0.050***

(0.219)

mine dependent
0.0412***

(0.199)
0

(0)
0.010***

(0.010)

manufacturing dependent
0.289***

(0.453)
0.211

(0.409)
0.352***

(0.478)

federal/state government dependent
0.121

(0.327)
0.0916
(0.289)

0.176***
(0.381)

services dependent
0.105***

(0.307)
0.426

(0.496)
0.191***

(0.393)

nonspecialized dependent
0.302

(0.459)
0.271

(0.445)
0.211*

(0.408)

a non-metro recreation destination
0.106***

(0.308)
0.0558
(0.230)

0.0905**
(0.287)

a retirement destination
0.139***

(0.346)
0.287

(0.453)
0.281

(0.450)
County has:

housing stress
0.168***

(0.374)
0.398

(0.491)
0.186***

(0.389)

low education
0.199***

(0.400)
0.0876
(0.283)

0.166***
(0.372)

low employment
0.148***

(0.355)
0.0199
(0.140)

0.0704***
(0.256)

persistent poverty
0.124***

(0.330)
0

(0)
0.0452***

(0.208)

population loss
0.193***

(0.395)
0

(0)
0.0201***

(0.140)

persistent child poverty
0.236***

(0.425)
0.0319
(0.176)

0.161***
(0.367)

n 3093 50 199
Standard deviations in parenthesis
***,**,*Significantly different from 287(g) county at 1%, 5%, and 10% respectively
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Table C.5: Summary statistics: Crime rate comparison between agriculture-dependent
and non-dependent counties

Non-farm dependent Farm dependent
mean
(sd)

mean
(sd)

Murder
4.566***

(24.07)
0.418

(2.322)

Rape
8.995***

(30.07)
0.902

(3.994)

Robbery
35.83***

(195.4)
1.327

(6.975)

Assault
148.0***

(760.1)
13.24

(94.54)

Burglary
91.31***

(346.2)
9.175

(35.00)

Larceny
377.9***

(1140)
20.36

(66.82)

Motor vehicle theft
46.91***

(301.5)
3.191

(16.78)

Arson
5.296***

(15.99)
0.466

(1.497)

Weapons charges
52.53***

(232.5)
4.041

(23.74)

Drug violations
507.5***

(2206)
45.05

(257.0)

Liquor-related violates
217.2***

(678.2)
25.98

(61.37)

Disorderly conduct
229.9***

(841.8)
13.97

(29.67)

Vagrancy
9.560***

(93.39)
0.268

(1.315)
n 2704 340
Standard deviations in parenthesis;
***,**,*Significantly different from farm dependent
county at 1%, 5%, and 10% respectively
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Table C.6: Summary statistics: Acres harvested, pre-287(g)

All counties 287(g) counties Non-287(g) counties
mean SD n mean SD n mean SD n

Vegetable acres a 28.8 334.8 11,730 24.5 217.3 439 29.0 338.6 11,291
Vegetable acres b 1,915.8 12,128.8 1,123 2,776.9 7,152.9 51 1,874.9 12,316.1 1,072
Fruit acres a 78.8 3,007.6 11,730 19.3 225.6 439 81.1 3,065.1 11,291
Mechanized acres a 545.6 1,091.5 11,730 286.8421*** 847.2 439 555.6 1,098.7 11,291

a Outcome from ARMS
b Outcome from Census
c ***,**,* Significantly different from non-287(g) counties at 1%, 5%, and 10% respectively
d Source: US Census of Agriculture (NASS QuickStats); USDA Agricultural and Resource Manage-

ment Survey (ARMS)
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C.3 Additional results
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Table C.9: 2SLS First stage: jail occupancy and renovations

(1) (2) (3) (4)
ARMS ARMS Census Census

Jail occupancy, pre-2007 -9.24e-05*** -0.008***
(3.75e-06) (0.002)

Jail renovations, pre-2007 0.044*** 0.030***
(0.007) (0.010)

Border county -0.065*** -0.086*** -0.043*** -0.020***
(0.006) (0.008) (0.009) (0.005)

F-stat 43.02 43.42 12.58 10.00
σu 0.051 0.799 0.094 0.05
σe 0.142 0.157 0.109 0.071
ρ 0.362 0.354 0.428 0.327
Observations 21,403 14,591 3,914 10,659
Number of farms 11,753 7,858 - -
Number of counties - - 1,322 2,737

a Standard errors robust to correlation at the strata level (ARMS) and
heteroskedasticity-robust (Huber-White) standard errors (Census) in
parentheses

b *** pă0.01, ** pă0.05, * pă0.1
c Source: USDA Agricultural and Resource Management Survey (ARMS);

US Census of Agriculture (NASS QuickStats); BJS National Jail Census;
ICE FOIA Proactive Disclosures
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