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Abstract
Using linked data from multiple years of the U.S. Census of Agriculture, this study identifies farm and
operator characteristics associated with beginning farm survival, growth, and success. Success is defined
as continuing in business for 5 years without a decline in farm real estate asset value. The results indicate
which types of beginning farms and farmers are likely to survive and grow—information which could be
useful in targeting program resources. By identifying policy-amenable variables that correlate with both
farm survival and business expansion, the results also suggest possible mechanisms for increasing the suc-
cess of beginning farms.
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Introduction
Over the past several decades, agricultural production has increasingly shifted to larger operations,
the total number of farms has steadily declined, and the average age of principal operators has
increased (USDA-NASS, 2019). These trends may indicate that beginning farmers, who are typi-
cally younger and operate smaller farms than their more experienced counterparts, face increasing
economic challenges. Larger farms have been shown to be more productive than smaller ones, and
many beginning farmers lack the net worth and access to capital with which to increase their scale
of production (Key, 2019; Kauffman, 2013). Some new farmers may also lack the skills required for
efficiently managing and operating their farm business in a competitive economic environment.
The challenges faced by beginning farmers are reflected in higher farm business exit rates com-
pared to more established operations (Katchova and Ahearn, 2017).

The USDA administers numerous programs designed to help beginning farmers—who are
usually defined as farm or ranch operators with no more than 10 years of farming experience.
The Farm Service Agency (FSA) operates loan programs that target beginning farmers and oper-
ates a program providing retiring landowners with supplemental payments for expiring
Conservation Reserve Program (CRP) contracts if they agree to sell or rent their land to a begin-
ning farmer. The Environmental Quality Incentives Program provides enhanced financial and
technical assistance to beginning farmers for the installation of select conservation measures.
The Risk Management Agency offers benefits to beginning farmers and ranchers who buy crop
insurance, including exemptions from paying certain administrative fees, a higher premium sub-
sidy, and less stringent yield and production history requirements. The USDA also funds a
Beginning Farmer and Rancher Development Program to provide training, education, outreach,
and technical assistance to beginning farmers.
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This study seeks to understand the determinants of business success for beginning farmers—
information that could be helpful in the design and functioning of programs and policies that
support these operators. A prerequisite for this research is an accurate and operational measure
of business success. Farm financial performance provides one possible metric for success, and, as
we review in the next section, several studies have sought to link farm and operator characteristics
to financial outcomes using cross-sectional data. While panel data on farm financial performance
are rare, other measures of business success may be available when farms are observed over time.
Many farm-level panel data sets permit analyses of farm business survival (exit) rates or farm
growth rates conditional on survival. Unfortunately, neither of these outcomes alone provide a
satisfactory measure of farm business success.

A problem with analyzing the survival rate alone is that not all farms that remain in business
can be considered successful. Some surviving farms may contract in size over time as their owners
disinvest from their operations in anticipation of business failure (Kazukauskas et al., 2013). While
older farmers may disinvest in anticipation of retirement, a reduction in farm size for younger
farmers may indicate that the owners failed to earn sufficient profits to meet their loan obligations
and had to liquidate productive assets in order to remain in business. On the other hand, an
expansion in farm size suggests that the owners were able to invest in their operation because
it was profitable or was expected to be profitable. Hence, for many surviving farms, the growth
rate provides useful information about business success.

A disadvantage to focusing on growth alone is that a growth rate analysis is limited, by defini-
tion, to the population of surviving operations. While a growth analysis can identify the factors
that affect growth, it cannot conclusively identify the determinants of business survival, which is
obviously required for success. A factor positively (or negatively) correlated with the growth rate
may have the opposite effect on the probability of business survival. For example, as we show later
in the study, direct-to-consumer (DTC) marketing is negatively associated with subsequent farm
expansion among surviving farms but is positively associated with the likelihood that a farm sur-
vives in business. The fact that DTC marketing is associated with slower subsequent growth does
not necessarily mean it is associated with lower rates of business success since farms with DTC
sales are more likely to survive.

In this study, a farm is defined as successful if it remains in business and does not decrease in
size (measured using the inflation-adjusted value of farm real estate assets) over a 5-year period.
This definition accounts for the fact that business survival is necessary but not sufficient for suc-
cess and that business growth provides useful information about success for surviving operations.
This definition permits estimation of the determinants of farm business success for all farms in a
panel sample—including those that subsequently exit farming. This allows us to estimate the net
effect on business success of factors that have opposing effects on farm survival and farm growth,
such as the use of DTC marketing.

Farm-level data from the 2007, 2012, and 2017 U.S. Agricultural Censuses are used to estimate
how farm characteristics (size, tenancy arrangements, productivity, organizational arrangements,
commodity specialization, and region), marketing strategies (DTC sales), operator and farm
household characteristics (age, race, gender, off-farm income), and agricultural program partici-
pation (agricultural payments) affect the probability of farm business success. To better under-
stand the determinants of success of smaller-scale operations, we separately conduct analyses
on both small- and larger-scale operations.

The expansive farm-level panel data set, which includes almost all beginning farmers in the
U.S., allows for statistically significant comparisons across farm types, regions, commodity spe-
cializations, and operator demographics. By using multiple years of data, the data set also allows
for comparisons of farm performance in periods with different farm and nonfarm economic con-
ditions, enhancing the robustness of the estimates.

The results include estimates of the probability of success for different categories of farms and
farmers—information that could be useful in targeting program resources to beginning farmers
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that are facing greater business challenges. By identifying the factors that contribute to farm busi-
ness success, the results also suggest possible mechanisms for raising beginning farm success rates.

Potential Measures of Farm Business Success
Possible measures of farm business success include financial performance, business longevity, and
farm size growth. Many studies have analyzed how farm and operator characteristics and other
factors influence financial outcomes, such as liquidity, solvency, profitability, and financial effi-
ciency (e.g., Ahrendsen and Katchova, 2012; Franks, 1998; Gloy and LaDue 2003; Mishra, El-Osta,
and Johnson, 1999; Zech and Pederson, 2003). A smaller number of studies have focused on the
financial performance of beginning farms. Mishra, Wilson, andWilliams, (2009) found that youn-
ger and more educated beginning farm operators had a lower return on assets. They also found
that certain management strategies, such as increasing the number of decision-makers, engaging
in value-added farming, and having a written business plan, led to higher returns. Kropp and
Katchova (2011) investigated the effects of direct farm payments on the liquidity and repayment
capacity of both experienced and beginning farmers. They found a positive significant relationship
between the level of direct payments and the term debt coverage ratio for experienced farmers, but
not for beginning farmers. Similarly, they found a significant negative relationship between the
number of base acres and the current ratio for experienced farmers and no significant effect for
beginning farmers. More recently, Katchova and Dinterman (2018) sought to identify the personal
and farm characteristics that determine whether farm business financial ratios fall into a critical
zone, indicating financial stress. They found that beginning farmers were at a greater risk of finan-
cial stress than more established operations across all examined financial measures.

Most studies that have sought to link farm and operator characteristics to financial outcomes
have relied on cross-sectional data. The availability of panel data makes it possible to explore how
operator and operation characteristics affect farm performance over time. However, it is rare that
panel data sets include information on farm financial performance. Consequently, most studies of
business performance using panel data have sought to explain variation in farm survival (or exit)
rates or variation in farm growth rates conditional on business survival. Weiss (1999) found that
for Austrian farm households, initial farm size and the age, schooling, and sex of the farm operator
were all significant determinants of farm growth and survival. In particular, he found that smaller
farms are found to grow much faster than larger farms, presumably because smaller have higher
returns to scale. Kimhi and Bollman (1999) found that the effect of initial farm size on survival
depends on the national context: the exit probability decreases with farm size in Canada but
increases with size in Israel.

Among older operators in particular, the decision to exit or disinvest from farming can be
influenced by retirement and farm succession choices. Retiring from farming may involve inter-
generational transfers of farm assets in order to secure retirement income for the current farm
operators (Pesquin, Kimhi, and Kislev, 1999). Mishra, El-Osta, and Shaik (2010) examined the
determinants of farm succession in the United States and found that succession decisions were
affected by household wealth and the operator’s age, educational attainment, and off-farm work
choices. Mishra and El-Osta (2008) also found that government farm policy had a significant
influence on farm succession decisions. Diwisch, Voithofer, and Weiss (2009) investigated the
effect of past and planned successions on employment by Austrian farm businesses. The authors
found no significant difference in employment growth between farms that planned to transfer the
firm in the next 10 years and those that did not. In contrast, past succession exerted a significant
and positive employment growth effect. Griffin, Hartarska, and Nadolnyak (2019) used Census of
Agriculture data to estimate the probability of retirement-age farmers’ exit and disinvestment for
the 1992–2012 period. They found that larger farms were less likely to exit but more likely to
disinvest and scale down the operation.
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Other research using panel data has focused on the influence of government farm payments on
farm growth and survival. Using U.S. Census of Agriculture data, Key and Roberts (2006) found
that government payments were positively associated with the likelihood of farm survival and with
farm size growth—and that the magnitude of this association was generally greater for larger
farms. Also using Census data, Key and Roberts (2007) estimated the effect of government pay-
ments on the probability of a farm business failure using a Cox proportional hazards model. They
found that an increase in government payments has a small but statistically significant negative
effect on the rate of business failure. Storm, Mittenzwei, and Heckelei (2015) estimated a spatial
model to explain the survival of Finnish farms based on the characteristics of the farm and of
neighboring farms. The authors found that while direct payment increase the probability of sur-
vival, the effect is mitigated by the fact that a farm’s survival is negatively affected by its neighbors’
receipt of payments.

Some studies of beginning farmers that have used panel data have focused on the relationship
between operator age and farm size growth. Using Census of Agriculture data, Katchova and
Ahearn (2016) found that farms operated by older beginning farmers tend to be smaller and
do not tend to grow as much over time. Their results show that it is mostly young farmers, as
opposed to all beginning farmers, who rapidly expand their farm operations after entering agri-
culture. Williamson (2017) also explored how differences in the initial ages of farmers affect farm
finances and assets. The study used a synthetic panel of data consisting of age cohorts of beginning
farmers and compared them in two time periods. His results indicate farmers who are under 45
years old saw a much larger increase in production, assets, and liabilities than older farmers.
A drawback to the cohort approach is that it only provides information on surviving operations,
so is not able to identify the factors that caused some farm businesses to fail.

More recently, Nadolnyak, Hartarska, and Griffi (2019) used farm-level panel data from the US
Census of Agriculture to examine how weather variability, along with other economic and demo-
graphic factors, affect beginning farm exits. The authors found that profitability and off-farm
employment does not affect beginning farm exit rates, but farm size (sales) lowered the probability
of exit. The study also found that weather impacts on exits were mostly attributable to droughts.

This study contributes to the literature by examining the determinants of beginning farm suc-
cess, where a farm is considered successful if it remains in business without declining in size (value
of real estate assets) over a 5-year period. Because this definition of success requires that a farm
business both survive and grow, it likely provides a more accurate measure of business success
than either the survival rate or growth rate alone. This definition also allows for an interpretation
of the net effect on success of factors that have opposing effects on farm survival and farm
expansion.

Empirical Methods
The data used in the study and described in the next section consist of pooled 2-year panels. In
each panel, a farm observed period t may or may not be observed again period t� 1. Farms that
are observed in consecutive periods are classified as having survived. The following probit regres-
sion models are estimated for all operations observed in period t:

P�Dit�1jXit�1� � Φ�α� X
0
itβ� (1)

where P denotes probability and x03A6 is the standard normal cumulative distribution function,
Dit�1 is a dichotomous outcome variable (1/0) that depends on conditions observed in period
t� 1 and Xit are control variables observed in the initial period t. Maximum likelihood is used
to estimate the parameters α and β. The three dichotomous outcome variables indicate whether,
between t and t� 1, a farm (1) survived in business; (2) had positive business growth, or (3) had
success (remained in business and had positive business growth). These outcome variables are
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defined in detail in the next section. The probits for the survival and success outcomes are esti-
mated for all farms observed in period t. The probit for the positive growth outcome is estimated
only for farms that were observed in periods t and t� 1.

Data
The farm-level panel data used in this study are drawn from the Census of Agriculture conducted
in 2007, 2012, and 2017. The Census of Agriculture is administered by the USDA National
Agriculture Statistics Service (NASS) with the aim of collecting information from all agricultural
operations that produce, or would normally produce and sell, at least $1,000 of agricultural prod-
ucts per year.1

Farm operators are matched across consecutive Censuses (2007–2012, and 2012–17), and the
two panels are pooled. To focus on beginning farms, the sample is limited to farms on which the
principal operator reported 10 or fewer years of farming experience in the initial period. Since
beginning farms are defined based on the characteristics of the principal operator, the NASS
“Principal Operator Identification” is used to track farms across time.2

Some USDA policies that target beginning farms impose farm size limits on program partic-
ipants. For example, to qualify for some FSA loans as a beginning farmer, the operator cannot own
a farm or ranch greater than 30% of the average size farm in the county (USDA-FSA, 2018). To
better understand the determinants of success of smaller-scale operations, the study separately
analyzes two categories of farms: “small” farms, which initially (in the first period observed) have
less than $250,000 in farm real estate assets (the value of land and buildings in constant 2018
dollars), and “large” farms with initial assets between $250,000 and $10 million. Farms with more
than $10 million in initial real estate assets are dropped from the analysis to reduce sample
heterogeneity.

Table 1 reports summary statistics for the variables used in this study for farms in the small and
large size categories. The first three rows in the table show the three binary outcomes: survival,
positive growth, and success.3 “Survive” indicates whether a farm responded to the subsequent
census conducted 5 years later. “Grow” indicates whether a farm had non-negative growth in
the inflation-adjusted value of its farm real estate assets between censuses. “Success” indicates
whether a farm both survived and grew between censuses. In some cases, an operator may not
respond to the census even though the farm remains in business. For this reason, the observed
farm business survival and success rates are lower than the actual survival and success rates.

Variables used to explain likelihood of farm survival, positive growth, and success include the
initial (first period) characteristics of the operation and operator. Farm size, which has been
shown in past studies to be correlated with both farm survival and growth, is measured using
the inflation-adjusted value of real estate assets used on the farm.4 Land tenancy is included
as an explanatory variable because it is correlated with net worth and hence, access to credit
—farmers who inherit a relatively large amount of land will be better able to access loans and
expand production compared to similar farms that rent in a greater share of their land. Farms
are placed into one of three land tenancy categories, based on whether the operator: (1) rents
out more land than rents in, (2) does not participate in land rental markets (or rents out and
rents in the same amount), or (3) rents in more land than rents outs.

1More information about the Agricultural Census can be found at https://www.nass.usda.gov/AgCensus/index.php.
2For a small share of observations, the principal operator changed between Censuses, while the principal operator identifi-

cation remained the same. To eliminate these observations, we drop observations where the age of the principal operator
differs by more than 4–6 years between consecutive Censuses.

3The term “positive growth” is used frequently in the remainder of the paper to refer to a non-negative growth outcome.
4The value of real estate assets (land and buildings) is used as a measure of farm size because it is less volatile than the value

of production, which fluctuates widely in response to variation in yields and prices.
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Table 1. Sample statistics: small-scale and large-scale beginning farms

Small-Scale Large-Scale

Mean SD Mean SD

Survive 0.435 0.496 0.541 0.498

Grow 0.707 0.455 0.474 0.499

Success (survive and grow) 0.308 0.462 0.256 0.437

Total value of production ($) 20,728 77,168 178,687 788,031

Farm real estate assets ($) 122,921 72,380 1,022,061 1,248,995

Rents in land 0.249 0.432 0.415 0.493

Does not rent land 0.649 0.477 0.521 0.500

Rents out land 0.102 0.303 0.064 0.245

Agric. program payment intensity 0.027 0.097 0.036 0.104

Productivity (TVP/Assets) 0.295 0.866 0.157 0.504

Direct-to-consumer sales 0.140 0.347 0.108 0.311

Family farm 0.912 0.283 0.839 0.368

Grains, oilseeds, dry beans, dry peas 0.115 0.319 0.197 0.397

Vegetables, melons, potatoes 0.055 0.228 0.027 0.163

Fruit, tree nuts, berries 0.055 0.229 0.079 0.270

Nursery, greenhouse, floriculture, sod 0.038 0.192 0.027 0.163

Other crops, hay 0.171 0.377 0.162 0.368

Hogs, pigs, poultry, eggs 0.047 0.212 0.046 0.209

Milk, dairy 0.014 0.118 0.037 0.188

Cattle, calves 0.350 0.477 0.323 0.467

Horses 0.071 0.258 0.056 0.230

Other animals and animal products 0.083 0.276 0.047 0.213

Operator age: <30 0.092 0.289 0.096 0.295

Operator age: 30–39 0.203 0.403 0.208 0.406

Operator age: 40–49 0.249 0.432 0.240 0.427

Operator age: 50–59 0.250 0.433 0.247 0.431

Operator age: 60–69 0.149 0.356 0.154 0.361

Operator age: 70� 0.056 0.231 0.054 0.227

Primary occupation farming 0.324 0.468 0.465 0.499

Share of HH income from farm 0.117 0.217 0.247 0.325

Female 0.168 0.374 0.133 0.340

White 0.949 0.220 0.966 0.181

Black 0.020 0.142 0.010 0.098

Native American 0.026 0.160 0.016 0.125

Asian 0.008 0.091 0.011 0.104

Hispanic 0.042 0.202 0.038 0.192

(Continued)
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As discussed in the previous section, past studies have found a link between government agri-
cultural payments and farm survival and growth for crop farms. This study examines whether this
also holds for beginning farmers and whether payments affect business success. The importance of
government payments to the farm is measured using an intensity index defined as the value agri-
culture payments divided by the sum of the value of payments plus the total value of production.5

This index has the advantage of being bounded by zero and one, which eliminates outliers that
could potentially skew parameter estimates.

We expect survival and growth to increase with farm productivity, as greater productivity is
often associated with higher profits and superior managerial skills. Farm productivity is measured
as the ratio of output (value of production) to real estate assets.6 If net returns are proportional to
the value of production, then this productivity ratio will be proportional to the return on assets.7

Other farm characteristics included as explanatory variables include a family farm indicator (as
opposed to a non-family partnership, corporation or other organization arrangement); a

Table 1. (Continued )

Small-Scale Large-Scale

Mean SD Mean SD

Initial year: 2007 0.520 0.500 0.502 0.500

Initial year: 2012 0.480 0.500 0.498 0.500

County employment change (Pctg pts) −0.277 9.659 0.385 9.709

ERS region: Heartland 0.179 0.383 0.174 0.379

ERS region: Northern Crescent 0.136 0.343 0.145 0.352

ERS region: Northern Great Plains 0.030 0.170 0.041 0.198

ERS region: Prairie Gateway 0.159 0.365 0.149 0.356

ERS region: Eastern Uplands 0.179 0.383 0.130 0.337

ERS region: Southern Seaboard 0.120 0.325 0.108 0.311

ERS region: Fruitful Rim 0.112 0.316 0.161 0.368

ERS region: Basin and Range 0.042 0.200 0.059 0.236

ERS region: Mississippi Portal 0.043 0.204 0.033 0.177

Observations 289,349 396,616

Notes: All variables are dichotomous indicators (1/0) unless otherwise noted. Agricultural program payment intensity= agricultural payments
/ (agricultural payments� total value of production). Small-scale farms are those with less than $250,000 in farm real estate assets (constant
2018 dollars) in the first period. Large-scale farms are those with initial real estate assets between $250,000 and $10 million.
Source: USDA-NASS Census of Agriculture, 2007, 2012, 2017.

5Government agricultural payments include all federal, state, and local government agricultural program payments.
Depending on the Census year, these payments include direct, counter-cyclical, and ACRE (Average Crop Revenue
Election) payments; the amount received from loan deficiency payments (LDPs), marketing loan gains, and net value of com-
modity certificates; other payments (disaster, market loss, NAP (non-insured assistance program)), and EQIP (Environmental
Quality Incentives Program); and amount received for participation in the Conservation Reserve Program (CRP), Wetlands
Reserve Program (WRP), Farmable Wetlands Program (FWP), or Conservation Reserve Enhancement Program (CREP).

6Even though farm real estate represents about 80% of total farm assets, it would be preferable to include the value of
machinery along with farm real estate in the denominator of the productivity measure. However, the Census does permit
us to accurately value machinery that was rented and only used part-time on the farm. The Census questionnaire asks
for the value of the machinery and equipment regardless of the amount of time it was used on the farm and regardless
of ownership. Hence, a farmer who rented a combine for one day would report the same value as a farmer who rented
the combine for the entire season.

7The Census of Agriculture was not designed to measure farm production costs, and net returns cannot be accurately
measured with the information collected.
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commodity specialization categorical variable (there are five crop types and five livestock types);
and a location categorical variable (for the nine USDA-ERS Farm Resource Regions8).

In terms of marketing arrangements, we include an indicator of whether the farm has DTC
sales. DTC marketing—where producers engage with consumers face-to-face at roadside stands,
farmers’ markets, pick-your-own farms, on-farm stores, and community-supported agricultural
arrangements (CSAs)—is a substantially different business model from traditional marketing and
is one that could help some beginning farmers survive and prosper in a risky and competitive
business environment. We compare the farm business survival and growth rates of farms with
DTC sales to those who market through traditional channels, such as grain distributors, process-
ors, and wholesalers. As we discuss later, differences in survival and growth rates could be
explained by attributes of DTC marketing that result in different levels of debt, farm income risk,
and labor requirements, or possibly by differences in off-farm employment opportunities or pref-
erences for farm versus nonfarm work.

Operator characteristics hypothesized to affect farm success include age, gender, race, and eth-
nicity (Hispanic/non-Hispanic). Gender, race, and ethnicity are included to capture unobserved
factors that might be correlated with the operator’s access to credit, off-farm employment oppor-
tunities, participation in agricultural programs, education, etc. Also included are two variables that
characterize the farm household’s relationship to off-farm employment. The first indicates
whether farming is the operator’s main occupation. The second is the self-reported share of house-
hold income that comes from farming. These variables are correlated with each other but provide
different information.9 The first provides information only about the operator, while the second
provides information about both the operator household—including the spouse (most beginning
farm operators are married, and a large share of spouses work off-farm) (Key and Lyons, 2019).
Finally, we include a measure of local off-farm employment opportunities, which is measured as
the percentage point change in the Bureau of Labor Statistics county unemployment rate in the
Census years.

To test for possible multicollinearity, the Variance Inflation Factors (VIFs) were calculated for
each variable. All VIF values were below 5 indicating the multicollinearity is not a problem with
any of the variables.

Results
Tables 2 and 3 compare the survival, positive growth, and success rates for small-scale beginning
farms based on selected farm and operator characteristics, respectively. Among the different cate-
gories of farms considered, success rates are higher for those that receive government payments,
have relatively high productivity, have DTC sales, produce grains, oilseeds, dry beans, or dry peas,
or produce milk or dairy products. In terms of producer characteristics, success rates are higher
for farmers who are younger, or white, or male. These statistics could be useful to policy makers
and others who seek to target groups based on their business performance.

The comparisons in Tables 2 and 3 quantify success rates for groups with similar character-
istics, but do not necessarily reveal how the group’s shared attributes affect farm performance
since confounding factors will also vary across groups. For example, as Table 2 shows, larger farms
are more likely to survive than smaller farms and farmers who receive agricultural payments are
more likely to survive than farmers who do not receive payments. However, since operators of
larger farms are more likely to receive payments, it is not clear from the summary statistics
whether, or by how much, each factor is affecting farm survival. Probit regressions are used to
determine the marginal effects of individual variables on the likelihood of farm survival, positive

8See https://www.ers.usda.gov/publications/pub-details/?pubid=42299 for a description of the ERS Farm Resource
Regions.

9The variables have a correlation of 0.42.
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Table 2. Survival, growth and success rates by farm characteristics: small-scale beginning farms

Between Consecutive 5-Year Censuses, the Share of Farm
Businesses that:

Survive Grow (Survivors Only) Success (Survive and Grow)

Value of land and buildings ($1000)

10–50 0.373 0.849 0.317

50–100 0.415 0.773 0.321

100–150 0.449 0.704 0.316

150–200 0.468 0.639 0.299

200–250 0.489 0.593 0.290

Receives agricultural payments

No 0.421 0.691 0.291

Yes 0.500 0.765 0.383

Productivity (TVP/Assets)

Low (<0.025) 0.427 0.596 0.254

Medium (0.025–0.1) 0.443 0.691 0.306

High (≥0.1) 0.434 0.800 0.347

Direct-to-consumer sales

No 0.427 0.715 0.305

Yes 0.489 0.667 0.326

Family farm

No 0.405 0.721 0.292

Yes 0.438 0.706 0.310

Tenancy category

Rents in land 0.403 0.774 0.312

Does not rent land 0.432 0.683 0.295

Rents out land 0.457 0.743 0.339

Commodity specialization

Grains, oilseeds, dry beans, dry peas 0.459 0.793 0.365

Vegetables, melons, potatoes 0.390 0.649 0.253

Fruit, tree nuts, and berries 0.447 0.715 0.319

Nursery, greenhouse, floriculture, and sod 0.451 0.634 0.286

Other crops and hay 0.430 0.701 0.301

Hogs and pigs, poultry and eggs 0.385 0.657 0.253

Milk and dairy 0.486 0.733 0.356

Cattle and calves 0.466 0.717 0.334

Horses, ponies, mules, burros and donkeys 0.299 0.686 0.205

Other animals and animal products 0.438 0.646 0.283

Observations 289,349 126,008 289,349

Notes: Small-scale farms are those with less than $250,000 (constant 2018 dollars) in farm real estate assets in the initial period.
Source: USDA-NASS Census of Agriculture, 2007, 2012, 2017.
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growth, and success, while holding other exogenous factors constant. Tables 4 and 5 show the
estimated marginal effects at the means for small- and large-scale beginning farms, respectively.10

Classification tables corresponding to the probit regressions in Tables 4 and 5 are shown in
Appendix Table A1.

The regression results (Tables 4 and 5) are qualitatively consistent with the effects implied by
the mean values displayed in Tables 2 and 3. Since the estimated coefficients obtained for small
and large farms are generally similar, we focus the discussion on small-scale beginning farms and
note the differences with larger operations when they are substantial. For small-scale beginning
farms (Table 4), farm size is strongly correlated with survival: doubling farm assets increases the
probability of surviving by about 5 percentage points.11 Larger farms may have a higher survival
rate because larger farms are more profitable and have higher household income and wealth and
are hence more resilient to economic shocks (Whitt, Todd, and MacDonald, 2020). While the
survival rate increases with scale, among those farms that survive, farm size is negatively correlated
with positive growth: doubling farm size reduces the likelihood of positive growth by about 11.6

Table 3. Survival, growth and success rates by operator characteristics: small-scale beginning farms

Between Consecutive 5-Year Censuses, the Share of Farm
Businesses that:

Survive Grow (Survivors Only) Success (Survive and Grow)

Operator age

<30 0.427 0.794 0.339

30–39 0.440 0.730 0.321

40–49 0.439 0.695 0.305

50–59 0.448 0.691 0.309

60–69 0.442 0.682 0.301

70� 0.348 0.677 0.235

Race

White 0.438 0.709 0.310

Black or African American 0.393 0.666 0.262

American Indian or Alaska Native 0.411 0.672 0.276

Asian, Native Hawaiian, or Pacific Islander 0.361 0.733 0.265

Hispanic

No 0.437 0.707 0.309

Yes 0.408 0.717 0.293

Female operator

No 0.451 0.714 0.322

Yes 0.357 0.662 0.236

Observations 289,349 126,008 289,349

Notes: Small-scale farms are those with less than $250,000 (constant 2018 dollars) in farm real estate assets in the initial period.
Source: USDA-NASS Census of Agriculture, 2007, 2012, 2017.

10For the dichotomous independent variables, the marginal effect at the mean shows how the probability of survival,
growth, or success changes as the independent variable changes from 0 to 1, holding all other variables at their mean values.

11Because the asset value is log transformed, a one percent increase in assets results in a θ·ln1.01 unit increase in the depen-
dent variable, where θ is the estimated coefficient.

208 Nigel Key

https://doi.org/10.1017/aae.2022.6 Published online by Cambridge University Press

https://doi.org/10.1017/aae.2022.6


Table 4. Probit regression marginal effects: small-scale beginning farms

Survive Grow (Survivors Only) Success (Survive and Grow)

Log farm real estate assets 0.048 −0.117 −0.005

(0.001)** (0.002)** (0.001)**

Does not rent land 0.040 −0.059 0.007

(0.003)** (0.005)** (0.003)

Rents out land 0.054 −0.042 0.025

(0.004)** (0.005)** (0.003)**

Agricultural program payment intensity 0.101 0.128 0.121

(0.010)** (0.013)** (0.009)**

Productivity 0.019 0.024 0.016

(0.001)** (0.002)** (0.001)**

Direct-to-consumer sales 0.080 −0.015 0.046

(0.003)** (0.004)** (0.003)**

Family farm 0.033 −0.013 0.017

(0.003)** (0.005)* (0.003)**

Vegetables, melons, potatoes −0.075 −0.165 −0.119

(0.005)** (0.007)** (0.005)**

Fruit, tree nuts, and berries 0.016 −0.069 −0.016

(0.005)* (0.007)** (0.005)*

Nursery, greenhouse, floriculture, and sod 0.025 −0.183 −0.058

(0.006)** (0.008)** (0.005)**

Other crops and hay −0.010 −0.067 −0.034

(0.004)* (0.005)** (0.003)**

Hogs and pigs, poultry and eggs −0.072 −0.137 −0.104

(0.005)** (0.008)** (0.005)**

Milk and dairy −0.009 −0.067 −0.032

(0.008) (0.011)** (0.008)**

Cattle and calves 0.025 −0.055 −0.006

(0.003)** (0.005)** (0.003)

Horses, ponies, mules, burros, and donkeys −0.122 −0.078 −0.122

(0.005)** (0.007)** (0.005)**

Other animals and animal products −0.002 −0.141 −0.063

(0.005) (0.006)** (0.004)**

Operator age: 30–39 0.022 −0.045 0.001

(0.004)** (0.005)** (0.003)

Operator age: 40–49 0.037 −0.068 0.001

(0.004)** (0.005)** (0.003)

Operator age: 50–59 0.049 −0.072 0.008

(Continued)
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Table 4. (Continued )

Survive Grow (Survivors Only) Success (Survive and Grow)

(0.004)** (0.005)** (0.003)

Operator age: 60–69 0.044 −0.089 −0.003

(0.004)** (0.006)** (0.004)

Operator age: 70� −0.047 −0.104 −0.075

(0.005)** (0.008)** (0.005)**

Primary occupation farming −0.006 0.015 0.001

(0.002)* (0.003)** (0.002)

Share of HH income from farm 0.070 0.057 0.077

(0.005)** (0.007)** (0.005)**

Female −0.085 −0.039 −0.078

(0.003)** (0.004)** (0.003)**

Black or African American −0.015 −0.062 −0.033

(0.007) (0.010)** (0.007)**

American Indian or Alaska Native 0.007 −0.059 −0.019

(0.006) (0.008)** (0.006)**

Asian, Native Hawaiian, or Pacific Islander −0.055 −0.002 −0.043

(0.011)** (0.016) (0.010)**

Hispanic −0.023 −0.019 −0.024

(0.005)** (0.007)* (0.005)**

Initial year: 2012 0.028 0.042 0.041

(0.002)** (0.003)** (0.002)**

County employment change (Pctg pts) 0.0001 0.0014 0.0006

(0.0001) (0.0001)** (0.0001)**

ERS region: Northern Crescent 0.002 −0.003 −0.002

(0.003) (0.005) (0.003)

ERS region: Northern Great Plains −0.018 0.031 0.000

(0.006)* (0.008)** (0.005)

ERS region: Prairie Gateway −0.019 0.042 0.005

(0.003)** (0.005)** (0.003)

ERS region: Eastern Uplands −0.023 −0.001 −0.019

(0.003)** (0.004) (0.003)**

ERS region: Southern Seaboard −0.041 −0.000 −0.030

(0.004)** (0.005) (0.003)**

ERS region: Fruitful Rim −0.052 0.037 −0.021

(0.004)** (0.006)** (0.004)**

ERS region: Basin and Range −0.025 0.035 −0.002

(0.005)** (0.007)** (0.005)

(Continued)
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percentage points. Larger farms might be less likely to expand because they are already closer to an
optimal scale, and therefore, there is less incentive to expand production compared to smaller
farms. With scale being positively correlated with survival and negatively correlated with growth,
the effect of scale on success (survival and positive growth) is limited: size has a very small negative
association with success.

The results also show that land tenancy arrangements matter for farm business performance.
Compared to similar farmers who rent in land (the missing category), those who do not rent in
land or who rent out land have survival rates that are about 4 and 5 percentage points higher,
respectively. Those who rent out land might have higher survival rates because they earn rental
income which can provide a financial cushion during periods of low prices or yields. In contrast,
farmers who rent in land likely face higher per-acre costs in the form of rent, which makes them
more vulnerable to financial shocks.

Renting out farmland is associated with a higher survival rate, but a lower probability of posi-
tive growth. Operators who rent out land may have less time to work on their farm because they
have better off-farm employment opportunities. With less time available to work on-farm, farm
expansion may be more difficult. Tenancy arrangements, therefore, have conflicting effects on the
components of success: farmers who rent out land are more likely to survive but less likely to grow
that similar farmers who rent in land. In net, the results indicate that farmers who rent out land
have a business success rate that is 3 percentage points higher than similar farmers who rent
in land.

The results also show that farmers who depend more on government agricultural payments
tend to have better business performance. Increasing the “payment intensity” (agricultural pay-
ments as a share of payments plus the total value of production) increases survival, positive
growth, and success rates. Increasing the payment share by 10 percentage points is associated with
a 1.2 percentage point increase in the likelihood of success. These findings are consistent with
earlier research that found that agricultural program payments are associated with an increase
in the likelihood and duration of farm business survival of crop farms (Key and Roberts,
2006, 2007). The results of this study show that this relationship also holds for beginning farmers
and that the combined effects of payments on survival and growth also increase the likelihood of
farm business success.

There are several mechanisms through which agricultural payments could improve farm out-
comes. Higher government payments raise net returns, which could reduce the likelihood of
financial insolvency and allow farms to remain in business longer. Higher payments may also
make agriculture more profitable relative to alternative occupations, which could reduce the
incentive to quit farming, especially if off-farm occupations are in different locations or require
a significant degree of specialization. The finding that higher payments allow farms to expand in
size could mean that some farmers face binding liquidity constraints that inhibit their farms from

Table 4. (Continued )

Survive Grow (Survivors Only) Success (Survive and Grow)

ERS region: Mississippi Portal −0.073 −0.017 −0.060

(0.005)** (0.007) (0.005)**

Pseudo R-Squared 0.13 0.16 0.13

Observations 269,184 118,846 269,184

*p< 0.01;
**p< 0.001.
Notes: Small-scale farms are those with less than $250,000 (constant 2018 dollars) in farm real estate assets in the initial period.
Source: USDA-NASS Census of Agriculture, 2007, 2012, 2017.
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Table 5. Probit regression marginal effects: large-scale beginning farms

Survive Grow Success

Log farm real estate assets 0.025 −0.108 −0.047

(0.001)** (0.001)** (0.001)**

Does not rent land 0.042 −0.061 −0.009

(0.003)** (0.005)** (0.003)*

Rents out land 0.078 0.004 0.043

(0.003)** (0.005) (0.003)**

Agricultural program payment intensity 0.109 0.096 0.098

(0.008)** (0.010)** (0.007)**

Productivity 0.048 0.059 0.051

(0.002)** (0.002)** (0.002)**

Direct-to-consumer sales 0.069 −0.041 0.006*

(0.003)** (0.004)** (0.002)

Family farm 0.048 −0.072 −0.014

(0.002)** (0.003)** (0.002)**

Vegetables, melons, potatoes −0.067 −0.180 −0.124

(0.006)** (0.008)** (0.005)**

Fruit, tree nuts, and berries 0.015 −0.123 −0.057

(0.004)** (0.005)** (0.004)**

Nursery, greenhouse, floriculture, and sod 0.000 −0.266 −0.146

(0.006) (0.008)** (0.005)**

Other crops and hay −0.020 −0.142 −0.084

(0.003)** (0.004)** (0.003)**

Hogs and pigs, poultry and eggs 0.013 −0.241 −0.120

(0.005)* (0.006)** (0.004)**

Milk and dairy 0.006 −0.093 −0.041

(0.005) (0.006)** (0.004)**

Cattle and calves 0.021 −0.118 −0.052

(0.003)** (0.003)** (0.002)**

Horses, ponies, mules, burros and donkeys −0.090 −0.197 −0.147

(0.004)** (0.006)** (0.004)**

Other animals and animal products 0.004 −0.203 −0.108

(0.004) (0.006)** (0.004)**

Operator age: 30–39 0.022 −0.046 −0.011

(0.003)** (0.004)** (0.003)**

Operator age: 40–49 0.042 −0.090 −0.026

(0.003)** (0.004)** (0.003)**

(Continued)
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Table 5. (Continued )

Survive Grow Success

Operator age: 50–59 0.059 −0.105 −0.028

(0.003)** (0.004)** (0.003)**

Operator age: 60–69 0.055 −0.133 −0.044

(0.003)** (0.005)** (0.003)**

Operator age: 70� −0.024 −0.145 −0.087

(0.004)** (0.006)** (0.004)**

Primary occupation farming 0.007 0.039 0.022

(0.002)** (0.002)** (0.002)**

Share of HH income from farm 0.059 0.116 0.089

(0.003)** (0.004)** (0.003)**

Female −0.088 −0.052 −0.071

(0.002)** (0.004)** (0.002)**

Black or African American −0.046 −0.077 −0.062

(0.008)** (0.012)** (0.008)**

American Indian or Alaska Native −0.018 −0.007 −0.013

(0.006)* (0.009) (0.006)

Asian, Native Hawaiian, or Pacific Islander −0.026 −0.017 −0.024

(0.008)** (0.010) (0.007)**

Hispanic −0.050 −0.027 −0.039

(0.004)** (0.006)** (0.004)**

Initial year: 2012 0.009 0.076 0.047

(0.002)** (0.002)** (0.002)**

County employment change (Pctg pts) −0.0001 0.0013 0.0007

(0.0001) (0.0001)** (0.0001)**

ERS region: Northern Crescent −0.012 −0.070 −0.046

(0.003)** (0.004)** (0.003)**

ERS region: Northern Great Plains −0.038 0.036 −0.001

(0.004)** (0.006)** (0.004)

ERS region: Prairie Gateway −0.049 0.008 −0.021

(0.003)** (0.004) (0.003)**

ERS region: Eastern Uplands −0.031 −0.091 −0.069

(0.003)** (0.004)** (0.003)**

ERS region: Southern Seaboard −0.056 −0.077 −0.072

(0.003)** (0.004)** (0.003)**

ERS region: Fruitful Rim −0.077 −0.009 −0.045

(0.003)** (0.004) (0.003)**

ERS region: Basin and Range −0.059 −0.018 −0.040

(0.004)** (0.005)** (0.004)**

(Continued)

Journal of Agricultural and Applied Economics 213

https://doi.org/10.1017/aae.2022.6 Published online by Cambridge University Press

https://doi.org/10.1017/aae.2022.6


achieving an optimal scale and that payments relieve these constraints. Commodity program pay-
ments provide cash, some degree of insurance (due to links with commodity prices), and perhaps
also a means to leverage greater resources from lending institutions, all of which may lower farm-
ers’ capital costs. Lower capital costs may allow farms to more easily adopt new technologies and
expand in scale.

As expected, farm productivity (value of production relative to assets) is positively and signifi-
cantly correlated with survival, growth, and success. More productive farms are generally more
profitable and hence better able to cope with financial shocks and have the financial resources to
expand production. The productivity index value for a small beginning farm has a mean value of
0.16 with a standard deviation of 0.50 (Table 1). The results imply that increasing the average
farms’ productivity value by one standard deviation to 0.66 would raise the survival rate by 1 per-
centage point, the growth rate by 1.2 percentage points, and the success rate by 0.8 percentage
points.

For small-scale beginning farms, using DTC markets is associated with an 8 percentage point
increase in the survival rate. It is possible that DTC sales provide a relatively secure income stream,
which increase survival rates. Income from DTC marketing depends on the margin between the
wholesale and retail price. Even when the farmer’s input and output prices vary, the markup
between the wholesale and retail prices tends to be relatively stable. Hence, the additional income
that farmers can earn by selling directly to consumers should be less influenced by price fluctua-
tions, making this income less risky.

While farmers who directly market to consumers are more likely to continue farming than
those who do not, they were about 1.5 percentage points less likely to have positive asset growth.
Farms with DTC sales might be less likely to expand because of market constraints. DTC markets
may have a limited size within a local region, making it more challenging for farms to expand in
scale without substantial additional travel and marketing costs.

Despite the small negative effect on farm size growth, the relatively large positive effect on sur-
vival causes DTC sales to have a positive association with farm business success: farms with DTC
sales were about 4.6 percentage points more likely to succeed than similar farms without DTC
sales. This effect on success is larger for small farms compared to large farms (Table 5). For larger
operations, having DTCs resulted in smaller effect on growth and a larger negative effect on
survival.

Being organized as a family farm was associated with a higher rate of survival, but a lower
likelihood of farm growth. Unlike family farms, partnerships (the most common non-family farm
arrangement) might lower survival rates because they are vulnerable to dissolution from any single
partner. Higher survival rates and slower growth for family farms might be explained by different
attitudes toward farm work by the farm operators. Researchers have found evidence that non-
pecuniary benefits from self-employment explain why small business owners remain in business

Table 5. (Continued )

Survive Grow Success

ERS region: Mississippi Portal −0.108 −0.043 −0.079

(0.005)** (0.007)** (0.004)**

Pseudo R-Squared 0.13 0.18 0.15

Observations 375,715 205,444 375,715

*p< 0.01;
**p< 0.001.
Notes: Small-scale farms are those with less than $250,000 (constant 2018 dollars) in farm real estate assets in the initial period.
Source: USDA-NASS Census of Agriculture, 2007, 2012, 2017.
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despite earning less income (Hamilton, 2000). It is possible that non-pecuniary benefits from
farming (e.g., greater autonomy, independence, and lifestyle factors) provide operators of family
farms a greater incentive to remain in business even with lower business expansion possibilities,
compared to non-family farms that may be organized solely for pecuniary reasons (Howley, 2015).
Because of their higher survival rates, family farms are about 2 percentage points more likely to be
successful than otherwise similar non-family farms.

Commodity specialization is an important determinant of farm performance. There are sub-
stantial differences in performance rates between farms having different specializations: with sur-
vival, positive growth, and success rates varying by about 10, 18, and 12 percentage points,
respectively. Holding all other characteristics constant, farms that produce “grains, oilseeds,
dry beans, or dry peas” (the missing category) have the highest probability of success.
Compared to that missing category, being a producer of “vegetables, melons, potatoes, or sweet
potatoes” or a producer of “hogs and pigs, poultry or eggs” or a producer of “horses, ponies, mules,
burros or donkeys” reduces the success rate by 10 to 12 percentage points. While there could be
numerous factors, including differences in pest, climate, and market conditions that cause varia-
tion in farm performance across commodity groups, it is plausible that insurance availability plays
a role. The categories associated with the highest (lowest) success probability are comprised of
commodities with historically higher (lower) Federal crop insurance programs participation rates.
Crop insurance may reduce the risk of default and bankruptcy and result in higher survival rates.
Greater crop insurance coverage might also enhance farmers’ access to credit with which to
expand production (Ifft, Kuethe, and Morehart, 2015).

The results indicate a U-shaped relationship between the operator’s age and the likelihood of
farm survival. Holding all else constant, farms with operators younger than 30 (the missing cate-
gory) or over 69 have a lower likelihood of surviving than farms with operators between the ages of
30 and 69. The youngest farmers may be less like to survive because they are the most financially
vulnerable to financial shocks—they tend to be more highly leveraged and have accumulated less
net worth. As was discussed in the literature review, the oldest farmers probably have higher exit
rates because they are more likely to retire or leave farming for health reasons.

There is a monotonic negative relationship between age and the likelihood of positive growth.
Compared to having an operator under 30 years old, having an operator age 40–49 reduces a
farm’s likelihood of positive growth by about 7 percentage points, while having an operator over
age 69 reduces the likelihood of positive growth by about 10 percentage points. Older beginning
farmers start farming later in life so have had more time to accumulate net worth. Consequently,
older farmers may be able to start a farm closer to their desired scale and so they would have less
incentive to expand farm size. Older farmers also have a shorter lifetime investment horizon, so
may find it less advantageous to incur the sunk costs associated with increasing their farm size.

Operator age does not have a large effect on the probability of success except when the operator
is 70 or older. Farms with these older operators are about 7.5 percentage points less likely to be
successful compared to farms with younger operators. Farms having the oldest operators have a
lower likelihood of success because they are less likely to survive in business and less likely to have
positive growth.

Whether or not the principal operator had farming as his or her main occupation had no sig-
nificant effect on the likelihood of farm success. In contrast, if the farm household is more depen-
dent on farm income, then the farm business is somewhat more likely to survive, to have positive
growth, and to succeed. Increasing the farm’s share of household income by 10 percentage points
increases the likelihood of success by about 0.8 percentage points. Being more dependent on farm
income might incentivize the operator to provide additional effort and attention to assuring the
success of the farm.

Several demographic characteristics of the principal operator have a significant influence on
farm business performance. Having a female operator is associated with an 8.5 percentage points
reduction in the survival probability, a 4-point reduction in the likelihood of positive growth, and
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an 8-point reduction in the likelihood of success, holding other observable factors constant. The
race of the primary operator had a relatively small effect on the farm outcomes. Non-white or
Hispanic operators had success rates that were about 2–4 percentage points lower than similar
farms with white operators.

The year indicators are included in the model to adjust for aggregate changes in the national
economy and to adjust for changes in the Census methodology that could have affected the way
farmers were tracked over time. The coefficients indicate that the likelihood of farm survival, posi-
tive grow, and success was 3–4 percentage points higher in 2012–17 compared to 2007–12. This is
somewhat counterintuitive since net cash farm income decreased substantially over the later
period. However, the Great Recession occurred during the 2007–12 period, and unemployment
rates were unusually high. There is substantial evidence that the nonfarm economy is an impor-
tant determinant of farm bankruptcies (Dinterman, Katchova, and Harris, 2018; Shepard and
Collins, 1982). This is reflected in farm Chapter 12 bankruptcy rates, which increased substantially
from 2008 to 2011 (Dinterman, Katchova, and Harris, 2018). Beginning farmers are more reliant
on off-farm employment for household income than are more experienced operations (Key and
Lyons, 2019). Contraction in the macroeconomy may have contributed to higher farm exits and
slower farm growth in the wake of the Great Recession.

The importance of the nonfarm economy is also reflected in the positive coefficients associated
with the county employment change. An increase in the county employment rate indicates
improving off-farm employment opportunities. While the results do not indicate that changes
in the local employment rate affect farm survival, an improving local job market is associated with
a greater likelihood of positive farm growth rates and farm business success. This suggests that
farmers are more inclined, or better able, to expand their operations when the local economy is
improving. This finding seems to contradict the hypothesis that more rapid local economic
growth “pushes out” farming and discourages farm growth. Instead, local job growth may allow
for greater off-farm employment and higher household income, which can lead to more on-farm
investment (Key, 2020). Local economic growth might also be associated with expanding local and
DTC agricultural market opportunities.

In terms of location, having a farm in the Heartland and Northern Crescent regions is associ-
ated with significantly higher survival rates; while being in the Northern Great Plains, Prairie
Gateway, Fruitful Rim, or Basin and Range regions is associated with higher probabilities of
growth. Interestingly, there was no regional overlap between high survival and high positive
growth rates. In fact, the regions associated with the highest rates of positive growth had among
the lowest survival rates. It seems plausible that at the regional level, farm survival and growth are
in tension. Farms need additional land in order to expand and the main source for this land is
farms that are exiting production. Hence, in regions where there are relatively few farms exiting,
fewer farms will be able to grow.

In terms of success, the results show that the regional effects on survival rates outweighed the
effects on growth. Being located in the Eastern Upland, Southern Seaboard, and Fruitful Rim
regions reduced a farm’s success rate by 2–3 percentage compared to being located in the
Heartland, Northern Crescent, Northern Great Plains, Prairie Gateway, or Basin and Range
regions. Being located the Mississippi Portal reduced a farm’s success rate by about 6 points com-
pared to the same set of regions. Further research is needed to understand what factors (not con-
trolled for in the model) are responsible for these differential regional effects.

As a robustness check, we explore how the growth and success probit regression results change
using total value of production instead of real estate asset value as a measure of farm size
(Appendix Table A2). As can be seen by comparing the results to Tables 4 and 5, the coefficients
are very similar in magnitude and in statistical significance. In fact, out of the 76 coefficients
shown in Table 2, only 1 statistically significant coefficient changed sign when using the alterna-
tive farm size measure.
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We conclude this section by noting that the regression estimates could potentially suffer from
selection bias if unobserved factors correlated with the outcomes were not adequately controlled
for by the observable farm and operator characteristics. For example, the estimated relationship
between payments and farm success could be biased if missing variables affect both the likelihood
that farmers received agricultural program payments and the likelihood of business success, and if
these missing variables were not sufficiently correlated with the observable variables. Future work
could test the robustness of the estimates using experimental, or more feasibly, quasi-experimental
econometric techniques.

Conclusion
This study compared the survival, positive growth, and success rates of small-scale beginning
farms categorized by selected farm and operator characteristics. These results could be useful
for policy makers who seek to target beginning farmers who have relatively low levels of business
success and might therefore be considered in greater need of assistance or more likely to benefit
from program interventions. The types of beginning farmers found to have lower business success
rates include those who do not receive agricultural program payments, those not participating in
DTC markets, producers of specific commodity groups, women, and members of socially disad-
vantaged racial groups.

The study also sought to understand how particular farm or operator characteristics influence
the probability of farm business survival, growth, and success, holding other factors constant. The
regression results point to possible opportunities for raising beginning farmer success rates. In
particular, the findings suggest that efforts to increase farm productivity, farmer participation
in DTC marketing, and the share of farmers who receive agricultural program payments could
improve outcomes for beginning farms. Studies have shown that enhanced training, education,
outreach, and technical assistance programs can facilitate adoption of new and more efficient
technologies and thereby increase farm productivity (e.g., Anderson and Feder, 2003;
Birkhaeuser, Evenson, and Feder, 1991). Additionally, credit constraints have been shown to limit
farm size, suggesting credit programs targeting beginning farms could help these operations
obtain a more efficient scale of production (Briggeman et al., 2009). Promoting the formation
and expansion of DTC sales, through efforts such as the USDA Local Food Promotion
Program, could increase the number of beginning farmers who sell directly to consumers, as could
targeting such programs toward beginning farmers. More active and targeted outreach efforts
could increase beginning farmer participation in USDA programs that provide agricultural
payments.

Some of the study’s findings raise questions for future research. Future work could explore why
farm business success rates vary widely across commodity specialization categories, even after
controlling for major operation and operator characteristics. To what extent can this variation
be explained by the availability of federal commodity insurance or other commodity-specific pro-
grams? Future research could also seek to understand the strong regional patterns of farm survival
and growth that were revealed by the study. Are farms less likely to expand in regions where exit
rates are low because there is less land available for rent or purchase in these regions? Research
could explore the role of land availability for the growth and success of beginning farms and pos-
sibly shed light on ways to improve the transfer of land across generations to allow beginning
farms to both survive and grow.

There remains substantial scope for exploring how the financial position of the farm household
affects business success rates. For beginning farmers, the method by which farm assets were
acquired is likely an important determinant of their success. Those who inherited land and other
assets may be able to start farming in a strong financial position with little debt. For those who
initiated production with few inherited resources, business success may hinge on access to
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sufficient credit. Future work could try to better understand how borrowing and farm household
finances interact to influence business success rates. Linking the Census of Agriculture with
administrative data or other data sets containing more detailed financial information could pro-
vide a way to address these important questions. Recently, a study by the National Academy of
Sciences recommended that administrative data be better integrated into how information is col-
lected about farms, including the Census of Agriculture (NASEM, 2019). The integration of
administrative data could facilitate analyses of how programs influence farm business perfor-
mance, in addition to having other potential benefits such as lower respondent burden, more accu-
rate information collection, and greater information sharing across government agencies.
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Appendix

Table A1. Classification tables corresponding to Tables 4 and 5

Survive (Small-Scale) Actual

Classified 1 0 Total

1 85,858 32,305 71,163

0 32,988 113,033 198,021

Total 118,846 150,338 269,184

Correctly classified (share) 0.722 0.752 0.739

Grow (Small-Scale) Actual

Classified 1 0 Total

1 69,894 8,343 114,237

0 14,049 26,560 4,609

Total 83,943 34,903 118,846

Correctly classified (share) 0.833 0.761 0.812

Succeed (Small-Scale) Actual

Classified 1 0 Total

1 58,734 40,800 1,534

0 25,209 144,441 267,650

Total 83,943 185,241 269,184

Correctly classified (share) 0.700 0.780 0.755

Survive (Large-Scale) Actual

Classified 1 0 Total

1 161,132 50,439 274,571

0 44,312 119,832 101,144

Total 205,444 170,271 375,715

Correctly classified (share) 0.784 0.704 0.748

Grow (Large-Scale) Actual

Classified 1 0 Total

1 81,089 17,303 87,392

0 17,157 89,895 118,052

Total 98,246 107,198 205,444

Correctly classified (share) 0.825 0.839 0.832

Succeed (Large-Scale) Actual

Classified 1 0 Total

1 70,244 51,055 8,299

0 28,002 226,414 367,416

Total 98,246 277,469 375,715

Correctly classified (share) 0.715 0.816 0.790

Notes: Tables show the actual and predicted outcomes corresponding to probits in Tables 4 and 5.
Source: USDA-NASS Census of Agriculture, 2007, 2012, 2017.
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Table A2. Probit regression marginal effects: total value of production measure of farm size

Small-Scale Large-Scale

Grow (Survivors
Only)

Success (Survive and
Grow)

Grow (Survivors
Only)

Success (Survive and
Grow)

Log total value of production −0.110 −0.030 −0.072 −0.025

(0.001)** (0.001)** (0.001)** (0.001)**

Does not rent land −0.033 0.015 −0.026 0.015

(0.005)** (0.003)** (0.005)** (0.003)**

Rents out land 0.045 0.050 0.044 0.069

(0.005)** (0.003)** (0.005)** (0.003)**

Agric. program payment
intensity

0.292 0.182 0.333 0.236

(0.015)** (0.008)** (0.011)** (0.007)**

Productivity 0.025 −0.001 0.041 0.029

(0.002)** (0.001) (0.002)** (0.002)**

Direct-to-consumer sales −0.028 0.031 −0.041 0.019

(0.004)** (0.003)** (0.004)** (0.003)**

Family farm −0.046 0.004 −0.046 0.010

(0.005)** (0.003) (0.003)** (0.002)**

Vegetables, melons, potatoes −0.077 −0.080 −0.075 −0.077

(0.008)** (0.005)** (0.008)** (0.005)**

Fruit, tree nuts, and berries −0.030 −0.013 −0.013 −0.002

(0.008)** (0.005)* (0.006) (0.004)

Nursery, greenhouse, floricul-
ture, and sod

−0.021 −0.004 −0.081 −0.043

(0.008) (0.005) (0.008)** (0.005)**

Other crops and hay −0.152 −0.065 −0.120 −0.067

(0.006)** (0.003)** (0.004)** (0.003)**

Hogs and pigs, poultry and eggs −0.058 −0.059 0.066 0.036

(0.008)** (0.005)** (0.006)** (0.004)**

Milk and dairy −0.082 −0.049 −0.044 −0.025

(0.012)** (0.007)** (0.006)** (0.004)**

Cattle and calves −0.054 −0.004 −0.052 −0.008

(0.005)** (0.003) (0.004)** (0.002)**

Horses, ponies, mules, burros
and donkeys

−0.173 −0.134 −0.180 −0.138

(0.008)** (0.004)** (0.006)** (0.004)**

Other animals and animal prod-
ucts

−0.118 −0.045 −0.124 −0.053

(0.007)** (0.004)** (0.006)** (0.004)**

Operator age: 30–39 −0.066 −0.008 −0.076 −0.026

(0.006)** (0.003)* (0.004)** (0.003)**

(Continued)
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Table A2. (Continued )

Small-Scale Large-Scale

Grow (Survivors
Only)

Success (Survive and
Grow)

Grow (Survivors
Only)

Success (Survive and
Grow)

Operator age: 40–49 −0.129 −0.025 −0.135 −0.044

(0.006)** (0.003)** (0.004)** (0.003)**

Operator age: 50–59 −0.143 −0.025 −0.166 −0.051

(0.006)** (0.003)** (0.004)** (0.003)**

Operator age: 60–69 −0.164 −0.037 −0.188 −0.062

(0.006)** (0.003)** (0.005)** (0.003)**

Operator age: 70� −0.185 −0.097 −0.209 −0.118

(0.008)** (0.005)** (0.006)** (0.004)**

Primary occupation farming 0.029 0.006 0.050 0.026

(0.003)** (0.002)* (0.003)** (0.002)**

Share of HH income from farm 0.168 0.099 0.096 0.068

(0.007)** (0.004)** (0.004)** (0.003)**

Female −0.059 −0.072 −0.052 −0.074

(0.004)** (0.002)** (0.004)** (0.002)**

Black or African American −0.055 −0.038 −0.047 −0.048

(0.011)** (0.006)** (0.012)** (0.008)**

American Indian or Alaska
Native

−0.038 −0.022 −0.015 −0.018

(0.009)** (0.005)** (0.009) (0.006)*

Asian, Native Hawaiian, or
Pacific Islander

0.041 −0.018 0.078 0.026

(0.017) (0.009) (0.011)** (0.007)**

Hispanic −0.024 −0.023 −0.009 −0.034

(0.007)* (0.004)** (0.006) (0.004)**

Initial year: 2012 −0.039 0.000 −0.084 −0.042

(0.003)** (0.002) (0.002)** (0.002)**

County employment change
(Pctg pts)

−0.000 0.000 −0.000 −0.000

(0.000) (0.000) (0.000) (0.000)

ERS region: Northern Crescent 0.014 0.009 −0.038 −0.027

(0.005)* (0.003)* (0.004)** (0.003)**

ERS region: Northern Great
Plains

0.092 0.023 0.026 −0.010

(0.009)** (0.005)** (0.006)** (0.004)*

ERS region: Prairie Gateway −0.012 −0.016 −0.035 −0.044

(0.005) (0.003)** (0.004)** (0.003)**

ERS region: Eastern Uplands −0.014 −0.015 −0.034 −0.034

(0.005)* (0.003)** (0.004)** (0.003)**

(Continued)
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Table A2. (Continued )

Small-Scale Large-Scale

Grow (Survivors
Only)

Success (Survive and
Grow)

Grow (Survivors
Only)

Success (Survive and
Grow)

ERS region: Southern Seaboard −0.019 −0.029 −0.021 −0.040

(0.006)** (0.003)** (0.004)** (0.003)**

ERS region: Fruitful Rim −0.002 −0.028 −0.020 −0.050

(0.006) (0.003)** (0.004)** (0.003)**

ERS region: Basin and Range 0.009 −0.013 −0.016 −0.038

(0.008) (0.005)* (0.005)* (0.004)**

ERS region: Mississippi Portal −0.001 −0.041 −0.009 −0.068

Pseudo R-Squared 0.16 0.13 0.15 0.13

Observations 118,846 269,184 205,444 375,715

*p< 0.01;
**p< 0.001.
Notes: Small-scale farms are those with less than $250,000 (constant 2018 dollars) in farm real estate assets in the initial period.
Source: USDA-NASS Census of Agriculture, 2007, 2012, 2017.
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