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Abstract
Many farmers face borrowing limits that depend on their household income and net worth. Given such
credit constraints, an increase in off-farm income should allow farmers to borrow more, thus influencing
production decisions and productivity. To test this hypothesis, the education level of the farm operator’s
spouse is used to identify exogenous variation in off-farm income. Findings indicate that higher off-farm
income leads to more borrowing, capital expenditures, capital input intensity, farm labor use, output, farm
income, and productivity. Results suggest that Federal programs that promote access to credit for limited-
resource farmers may increase farm investment and productivity.
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1. Introduction
Surveys have shown that farmers consider access to sufficient capital as one of their biggest hur-
dles to starting and growing a farm business (Lusher-Shute, 2011). About 5% of U.S. farm sole
proprietorships report either being turned down for loans or not applying for credit for fear of
denial within the previous 5 years (Briggeman, Towe, and Morehart, 2009). A larger group of
farmers can also be considered credit constrained in the sense that their private demand for credit
exceeds the amount that lenders are willing to loan to them (Petrick, 2005). That is, even farmers
who can borrow may be effectively constrained because they lack sufficient income or collateral to
qualify for a larger loan.

Agricultural lenders ration loans partly based on an assessment of a potential borrower’s ability
to repay debt using farm and off-farm income. Commonly used indicators of repayment capacity,
such as the “capital debt repayment margin” and the “term-debt and capital-lease coverage ratio,”
compare debt payments to available household income (FFSC, 2017). For farm real estate loans,
lenders also require substantial collateral. Commercial banks generally do not make loans for farm
real estate with loan-to-value ratios greater than 60–70% (U.S. Congressional Oversight Panel,
2009). Although regulations permit Farm Credit System (FCS) loans up to 85% of the value of
the real estate, the loan-to-value ratio for FCS loans is typically around 50% (FCSA, 2015).

Individuals who are limited in how much they can borrow by their household income and net
worth may be less likely to begin a farm business or to expand an existing operation. Research has
found that entrepreneurs tend to be significantly wealthier than those who work in paid
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employment and that wealthier individuals are more likely to become entrepreneurs (Gentry and
Hubbard, 2004). Other research has found that positive exogenous household income shocks,
such as from bequests or lottery earnings, are associated with greater levels of small business for-
mation, capital use, and business performance (Blanchflower and Oswald, 1998; Holtz-Eakin,
Joulfaian, and Rosen, 1994; Hurst and Lusardi, 2004).

Higher off-farm income could relax a farmer’s credit constraint by increasing repayment
capacity and the ability to accumulate collateralizable assets (Briggeman, 2011). Greater access
to credit could permit more on-farm investment which, in turn, could raise profits and produc-
tivity. Such a connection between off-farm income, credit access, and economic efficiency could
provide a justification for government programs that aim to increase access to credit for farmers
with limited income and collateralizable wealth.1 In this study, we investigate whether there exists
such a connection. We estimate the extent to which higher off-farm income leads to more farm-
related borrowing and investment in farmland and equipment, and we estimate the relationship
between off-farm income and farm labor use, labor and capital input intensity, farm size, farm
profits, and productivity.

Off-farm income is an important component of household income for most U.S. farmers. Over
96% of family farms earn some off-farm income and about 86% of the total income of the average
farm household originates from off-farm sources (Table 1). For the 95% of family farms with a
value of production less than $500,000, over 97% of all household income comes from off-farm
sources. Even for the largest 5% of family farms with at least $500,000 in production value, off-
farm income represents more than a fifth of total household income. Despite the importance of
off-farm income, there is little quantitative information about how it influences farm borrowing
and investment, and its role in determining input use, farm size, profits, or productivity.

This study’s focus on off-farm income is distinct from past research that explored the relation-
ship between off-farm labor supply and farm outcomes. While an exogenous increase in off-farm
income should lead, in theory, to greater borrowing and investment given imperfect credit mar-
kets, the relationship between the off-farm labor supply and borrowing or investment is ambigu-
ous (Ahituv and Kimhi, 2006; Goodwin and Mishra, 2004; Lien, Kumbhaker, and Hardaker,
2010). This is because an increase in the supply of labor off-farm means there is less household

Table 1. Off-farm income as a share of household income for all family farms, 2007–2016

Value of
production

Share of all
farms

(percent)

Share of all
production value

(percent)

Farm
income
($)

Off-farm
income
($)

Total
household
income ($)

Off-farm income share
of household income

(percent)

Less than $100,000 84.4 9.8 −3,512 89,203 85,691 104.1

$100,000–$249,999 6.5 10.0 32,351 78,404 110,755 70.8

$250,000–$499,999 4.1 13.7 78,177 57,945 136,122 42.6

$500,000–$999,999 2.9 19.4 140,274 56,104 196,378 28.6

$1,000,000 or more 2.1 46.6 351,966 67,405 419,371 16.1

All farms 100.0 100.0 13,796 85,808 99,604 86.1

Note: values in 2016 dollars. Farm income includes the household’s share of farm business income, wages paid to household members,
farmland rental income, and other farm-related income. Off-farm income includes wages and salaries, net earnings from other
businesses, interest and dividends from investments, transfer payments, and other off-farm income.
Source: USDA Agricultural Resource Management Survey, 2007–2016.

1Examples of such programs include the USDA Farm Service Agency (FSA) Guaranteed Loans, Microloans, and Farm
Ownership Loans programs that target “limited resource” farmers—defined as those with household income and gross farm
sales below a specific threshold. Another example is the FSA Beginning Farmers and Ranchers Loans program, which targets
farmers with less than 10 years of farming experience, who are generally less able to qualify for commercial bank loans.
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labor available for on-farm work—which, in turn, could limit the desired farm size and the
demand for credit. Indeed, Ahituv and Kimhi (2006) analyzed Israeli farm households’ joint
off-farm labor and farm capital investment decisions and found a strong negative association
between off-farm work and farm capital accumulation. Off-farm labor supply also has a theoreti-
cally ambiguous relationship with farm productivity, and this has been reflected in empirical stud-
ies. Goodwin and Mishra (2004) found that greater participation in off-farm labor markets was
associated with lower farming efficiency in the U.S. In contrast, Lien, Kumbhaker, and Hardaker
(2010) found no systematic relationship between off-farm work and farm technical efficiency in
Norway.

Past research examining how off-farm income affects farm investment has been limited to
developing country contexts (Adams, 1991; Rozelle, Taylor, and de Brauw, 1999; Taylor,
Rozelle, and de Brauw, 2003). Consistent with the existence of binding credit constraints, most
of these studies have found that remittances (off-farm income sent to households by migrants) are
associated with increased farm investments. Using data from Mexico, Pfeiffer, Lopez-Feldman
and Taylor (2009) tested whether off-farm income affected agricultural production activities, tech-
nologies, and input use by comparing households that received remittances with similar house-
holds that did not. The authors found that remittances had a negative effect on agricultural output
and the use of family labor on the farm, but a positive impact on the demand for purchased inputs
and on farm efficiency.

A challenge with estimating the effect of off-farm income on borrowing and investment is the
fact that the household’s labor allocation decision—and hence its off-farm income—is simulta-
neously determined with other farm decisions. Individuals with higher off-farm income generally
work more hours off the farm and fewer hours on the farm. Hence, households with higher off-
farm income tend to have smaller operations and, consequently, less demand for farm inputs and
investment. As shown later in the paper, this can result in a non-causal negative correlation
between off-farm income and investment.

Past studies have attempted to identify exogenous variation in off-farm income by using instru-
ments that affect the off-farm wage or the incentive to work off-farm, such as the distance to an
international border or measures of local economic conditions. However, it is not clear that these
instruments affect the outcome variables exclusively through their effect on off-farm income (a
necessary condition for a valid instrument). For example, farms located closer to an international
border will have more family members who migrate, and will earn more off-farm income, on
average. But farm households with more migrants will have less household labor available to work
on the farm. In the presence of labor market imperfections, these households will generally have
smaller farms that require less on-farm investment. In sum, the instrument affects investment
partly through the labor use decision, which can cause a spurious inverse correlation between
off-farm income and investment.

In this study, we use the educational attainment of the operator’s spouse to identify an exoge-
nous source of variation in off-farm income: spouses with more education will tend to earn higher
off-farm wages. A potential endogeneity issue arises because better-educated spouses earn higher
wages and therefore tend to work more hours off-farm (Gould and Soupe, 1989; Huffman, 1980.
Huffman and Lange, 1989). This causes education to be correlated with farm labor use and, con-
sequently, other farm-related decisions. We sever the link between the off-farm wage rate and
farm labor use by only considering households where the spouse does not work on the farm.
For these farms, variation in the spouse’s educational attainment should affect the spouse’s
off-farm wage, but should not, as we show in the paper, directly affect on-farm labor use or bor-
rowing, investment, or other farm-related decisions. This allows for a plausible assertion that the
link between off-farm income and farm borrowing and investment is causal.

While spouses with higher education might have the greater farming ability, this should also
have no direct effect on farm outcomes because the spouses in the sample do not spend any time
working on-farm. Of course, it is possible that the spouse’s educational attainment is positively,
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though imperfectly, correlated with the operator’s educational attainment—people with similar
attributes might be more likely to marry each other. This could result in a correlation between
the spouse’s off-farm income (which is partially determined by the spouse’s education level)
and farm borrowing and other farm outcomes (to the extent that they are determined by the oper-
ator’s education). We address this possibility by directly controlling for the operator’s educational
attainment in the outcome regressions. This allows us to estimate the effect of a change in off-farm
income holding the operator’s education constant.

As far as we are aware, this is the first study to estimate the effect of an exogenous change in off-
farm income on borrowing, investment, and productivity for U.S. farms. We find that greater off-
farm income leads to higher levels of farm borrowing and capital expenditures, and that the mar-
ginal effect is largest for young–beginning farmers. Results indicate that higher household income
(from the spouse’s off-farm income) causes principal operators to increase their time spent work-
ing on-farm and to reduce their time spent working off-farm. We also find that more off-farm
income leads to an expansion in farm size (measured in terms of production value and assets) and
to a more capital-intensive input mix (labor value declines and interest costs increase as a share of
total expenses). Finally, we find evidence that higher off-farm income increases farm profits and
productivity. The results are consistent with the existence of credit rationing and suggest that gov-
ernment programs to increase access to loans for credit-rationed farmers could enhance economic
efficiency in the agricultural sector.

2. Empirical Approach
We use the educational attainment of the farm operator’s spouse as an instrument to identify
exogenous variation in off-farm income. A valid instrument should be strongly correlated with
the explanatory variable of interest (off-farm income) but not be correlated with unobservables
affecting the outcome variables (farm decisions such as borrowing and capital expenditures). With
imperfect markets, a spouse’s education could potentially be correlated with unobservables affect-
ing farm business decisions if a spouse were involved with the farm work. For example, a spouse
with more education might earn more and thus work less on-farm, or might make better farm
management decisions, resulting in higher output. However, as we show below, among the subset
of farms where the operator’s spouse does not work on the farm, the spouse’s education should
have no indirect effect on farm production decisions. That is, the spouse’s education should only
affect the outcome variables through off-farm income.

In the standard perfect markets farm household model, household members allocate their time
between farm and off-farm work to maximize utility, which means they equate the marginal value of
time each activity (Sumner, 1982). When the separate decisions of the farm operator and spouse are
modeled in the standard model, it can be shown that the off-farm labor supply of the operator
(spouse) depends on whether and how much the spouse (operator) works off-farm (Huffman
and Lange, 1989). However, with perfect markets, the labor allocation decisions of the operator
and spouse do not directly affect production—household labor is a perfect substitute for hired labor
and labor of either kind is applied on-farm until the marginal value product of labor equals the mar-
ket wage. Hence, with perfect markets, changes in off-farm income will not alter production deci-
sions. If a spouse earns a higher wage because of higher educational attainment, then the spouse
supplies more labor off-farm and less on-farm, but total on-farm labor and production do not change.

If credit markets are imperfect then the household’s consumption and production decisions
become non-separable (Briggeman, Towe, and Morehart, 2009; De Janvry et al., 1992; Karlan
et al., 2014; Petrick, 2005; Pfeiffer et al., 2009). Non-separability implies that factors affecting labor
allocation decisions and off-farm income can also affect production decisions. To illustrate, con-
sider a two-period optimization problem for a unitary farm household facing a credit constraint:

MaxU�C1;C2�w:r:t:C1;C2; L
f
o; L

f
s ;X;K (1)
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s.t.

woLno � ws�E�Lns � I � pxX � pcC1 � K � 0 (2)

pqQ Lfo; L
f
s ;X

� �
� pcC2 � �1� r�K � 0 (3)

Lno � Lfo � Lo (4)

Lns � Lfs � Ls (5)

K ≤ K (6)

The household chooses consumption in both periods, C1 and C2, operator and spouse farm labor,
Lfo and Lfs , other farm inputs X (which includes hired labor) and credit K to maximize utility sub-
ject to budget constraints in each period. To simplify the model, the operator and spouse are
assumed to allocate their time endowments, Lo and Ls, between farm work and non-farm work
(indicated with the superscripts f and n, respectively) (equations [4] and [5]). The spouse’s wage
rate is a function of the spouse’s educational attainment E. In the first period (equation 2), the house-
hold uses non-farm wage income earned by the farm operator and spouse and other non-farm
income I and credit to purchase consumption goods and farm inputs. In the second period (equa-
tion 3), revenues from farm productionQ are used to purchase consumption goods and to pay back
the debt with interest r. Credit is constrained to be below some maximum K (equation 6).

As the studies cited in the previous paragraph have shown, at the optimumwhen the constraint is
binding, the marginal profit from purchased inputs equals the input price times the shadow value of
liquidity. This means the effective input cost is greater than the market price. Hence, households
with a binding credit constraint will purchase fewer inputs than they would otherwise. A similar
logic applies to on-farm labor. With a binding credit constraint, the effective wage exceeds the mar-
ket wage, so a credit-constrained household will use less labor on the farm. The household will either
hire less labor or workmore off-farm, depending on the demand for farm labor relative to the house-
hold’s labor supply (Sadoulet and de Janvry, 1995). It follows that if the credit limit K increases
(perhaps because an exogenous increase in off-farm income causes a bank to offer more money
to the farmer), then the shadow value of liquidity will decrease, resulting an increase in purchased
inputs and on-farm labor—and hence an increase in farm output.

A change in off-farm income could also affect the input mix when the credit constraint is bind-
ing. Long-term credit for capital equipment or land is more likely to be rationed based on house-
hold income and net worth than is short-term production credit, which is often secured by the
expected value of the harvest. Hence, an exogenous increase in off-farm income could be expected
to relax a long-term credit constraint more than a short-term credit constraint. This would cause
the relative shadow price of inputs (machinery and land) purchased with long-term credit to
decline more. Hence, an exogenous increase in income may be associated with an increase in
the expenditure share of inputs purchased with long-term credit.

To empirically identify the effect of an exogenous increase in off-farm income on farm deci-
sions, we consider only those households in which the spouse works off the farm but not on the
farm (the operator may work both on and off the farm). If the spouse does not work on-farm then
Lno � Ls, and the optimization can be simplified to:

MaxU C1;C2� �w:r:t:C1;C2; L
f
o;X;K (1')

s.t.

woL
n
o � OFIs � I � pxX � pcC1 � K � 0 (2')

pqQ Lfo;X
� �

� pcC2 � 1� r� �K � 0 (3')

646 Nigel Key

https://doi.org/10.1017/aae.2020.25 Published online by Cambridge University Press

https://doi.org/10.1017/aae.2020.25


Lno � Lfo � Lo (4')

K ≤ K (6')

where the spouse’s off-farm income is defined as the wage times the spouse’s labor endowment:
OFIs � ws E� �Ls. Alternatively, we can expand the definition of the spouse’s off-farm income to
include all other non-farm income: OFIs � ws E� �Ls � I. We use the second definition of off-farm
income in the analysis because it has a positive value for almost all the farms in the sample. But we
obtain very similar results when we use the first definition, as we show in the results section. The
spouse’s off-farm income is a function of exogenous characteristics and can be expressed generally
as OFIs E; Ls; I� �. In linear reduced form, it can be written:

OFIsi � α1 � βEEi � β1Z1i � vi (7)

where the vector Z1 includes factors besides the spouse’s education that affect the spouse’s off-
farm wage (e.g., local economic conditions), the spouse’s labor endowment (e.g., age), and other
non-farm income.

The optimal input and operator on-farm labor levels, X OFIs; Z2� � and Lfo OFIs;Z2� �, can be
expressed as functions of the spouse’s off-farm income and other exogenous factors Z2 affecting
preferences, prices, the production technology, and the credit constraint. We are interested in how
an exogenous change in off-farm income affects inputs (farm-related borrowing and capital
investment) and labor inputs (operator’s labor and total labor). We are also interested in how
off-farm income affects input mix, and farm size (output), profits, and productivity. These out-
comes Yi can be written as functions of the input equations. Hence, in linear reduced form the
outcome equations can be written:

Yi � α2 � θOFIsi � γ2Z2i � ui (8)

Importantly, a change in the spouse’s education will directly affect the spouse’s off-farm
income (equation 7), but this change in income will not affect the amount of time the spouse
works on-farm—because the spouse does not work on the farm in the sample. Consequently,
there is no independent effect of a change in the education on production decisions (equation 8).
Hence, we can use the spouse’s education as an instrument for the spouse’s off-farm income. Of
course, education may affect production through off-farm income: greater educational attainment
leads to higher off-farm income, which relaxes the budget constraint.

We estimate equations (7) and (8) using a two-stage least squares instrumental variables (IV)
model. For some outcomes—including interest expenses, capital expenditures, and non-current
liabilities—a large share of the sample reports a zero value. For these outcomes, we use a Tobit
model with a continuous endogenous regressor. In this IV-Tobit model, the outcome in equation
(8) is a latent variable Y�

i . We do not observe Y�
i ; instead, we observe Yi � max 0;Y�

i

� �
. The

IV-Tobit model is estimated using a maximum likelihood estimator.2

3. Data
A sample of farm households is assembled using data from 10 years (2007–2016) of the
Agricultural Resource Management Survey (ARMS). The ARMS is an annual U.S. Department
of Agriculture (USDA) survey carried out by the National Agricultural Statistics Service and
Economic Research Service (ERS). It is the USDA’s primary source of information about farm
income and farm household finances.

2Details about the estimation procedure for the IV and IV-Tobit model are given in the Stata 15 Base Reference Manual
description of the ivreg2 and ivtobit routines (StataCorp, 2017).
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Exogenous variables thought to influence borrowing and farm production decisions include the
operator’s age, education, and sex (the spouse’s age is not observed and the spouse’s sex almost
perfectly predicts the operator’s sex so is not included in the econometric model). As discussed in
the “Introduction” section, we include the operator’s education in the regression to address the
possibility of a spurious correlation between the spouse’s off-farm income and farm outcomes that
might result because of a correlation in the educational levels of the spouses and operators.

Other variables thought to affect farm decisions include indicators of commodity specialization
(19 categories) and state indicators meant to capture intrinsic differences across states in farm
profitability that are due to climate, soil differences, etc. We also include a year indictor, to capture
annual variation in commodity and input prices and interest rates.

Outcome variables fall into several categories, including: (1) borrowing (total farm business
debt, current and non-current liabilities, and interest expenses); (2) investment (current period
farm-related capital expenditures, which includes spending on improvements, construction,
trucks, tractors, machinery, and real estate); (3) labor use (a value of all labor used on-farm,
the operator’s on-farm labor hours, and the operator’s off-farm income; (4) farm size (a value
of production and total farm assets); (5) income (farm income to the household and net farm
income); (6) net worth; and (7) productivity (gross cash farm income divided by total expenses).

To measure the operator’s off-farm labor supply, we use the operator’s off-farm income instead
of off-farm labor hours because a question about the operator’s off-farm labor hours was not
included in the ARMS in several years of the survey between 2007 and 2016. “Farm income
to household” includes the household’s share of farm business income, wages paid to household
members, farmland rental income, and other farm-related income. “Net farm income” is gross
farm income (gross cash farm income plus the change in the value of inventory plus the rental
value of farm dwelling) minus cash expenses including depreciation. All monetary values are
inflated to 2016 values using the Bureau of Economic Analysis (BEA) implicit price deflator.

Means for the key variables used in the study are shown in Table 2 for all family farms, family
farms with a married operator, and family farms with a married operator whose spouse does not
work on the farm. About 80% of all family farm operators report having a spouse. In 44% of these
households the spouse does not work on the farm, so this group comprises about 35% of all family
farms. Table 2 shows that family farms on which the spouse does not work on the farm (column 3)
have characteristics that are very similar to the entire family farm population (column 1) and to
the sample in which the operator is married (column 2).

4. Results
Table 3 previews some of the main results of the IV regressions using a simple comparison of
means. Farm households are categorized in two ways: by off-farm income quartiles (top half
of table) and by the spouse’s education (bottom half of table). The first two columns in the
top half of the table show that higher off-farm income is associated with lower farm income.
For example, farms in the bottom off-farm income quartile earn $25,298 in farm income com-
pared to only $6,782 for those in the top off-farm income quartile. This negative relationship
is likely partly explained by the fact that in households with higher off-farm income the operator
spends more time working off-farm and less time working on-farm. Households with smaller
operations, where the operator spends less time working on-farm, will generally invest less in
the farm. This is confirmed by the last three columns in the table, which shows the negative rela-
tionship between off-farm income and borrowing and investment. For example, the average
households in the bottom off-farm income quartile had $73,945 in total farm debt, compared
to $58,297 for households in the top quartile.

The bottom half of Table 3 shows the relationship between the spouse’s education and the
outcome variables. As would be expected, off-farm income increases with the spouse’s education.
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In the sample, spouses do not work on-farm, so higher off-farm income resulting from higher
spouse education does not imply less time spent on the farm. In fact, farm income increases with
the spouse’s education as does borrowing and investment. For example, farm-related debt for
households where the spouse does not have a high school degree averaged only $35,457, compared
to $89,034 for households where the spouse has at least 4 years of college education. As shown in
the next section, the positive relationship between the spouse’s education and the measures of
farm income, borrowing, and investment is reflected in the results of the IV regressions, which
use the spouse’s education as an instrument for off-farm income.

Table 2. Comparison of key variables for family farms depending on operator’s marital status and spouse’s work status

All
family
farms

Family farms with
married operator

Family farms with married operator
whose spouse does not work on

farm

Total household income ($) 101,172 109,596 114,767

Farm income ($) 13,108 14,158 15,181

Off-farm income ($) 88,064 95,438 99,586

Spouse off-farm income ($) 58,057 63,412 67,115

Value of production ($) 96,763 104,346 94,142

Farm assets ($) 826,351 851,446 802,620

Total debt ($) 73,918 81,061 64,345

Interest expense ($) 3,430 3,750 2,880

Total capital expenditures ($) 14,580 15,699 12,890

Net farm income ($) 22,260 23,973 23,556

Gross cash farm income/total expenses 0.61 0.59 0.67

Share beginning farmer 0.20 0.21 0.19

Oper. age 58.4 58.0 58.8

Oper. male (1/0) 0.88 0.92 0.95

Oper. educ.: some HS (1/0) 0.08 0.08 0.08

Oper. educ.: high school(1/0) 0.41 0.40 0.42

Oper. educ.: some college (1/0) 0.26 0.26 0.24

Oper. educ.: 4� years college (1/0) 0.25 0.26 0.26

Spouse educ.: some HS (1/0) 0.05 0.06 0.05

Spouse educ.: high school (1/0) 0.33 0.41 0.46

Spouse educ.: some college (1/0) 0.20 0.26 0.22

Spouse educ.: 4� years college (1/0) 0.22 0.27 0.27

Spouse educ.: no spouse (1/0) 0.21 0.00 0.00

Share of all family farms (%) 100 79.9 34.9

Note: values in 2016 dollars. Spouse’s off-farm income includes non-farm income to the household. “Total expense” is the cost of all inputs to
production including the estimated opportunity cost of unpaid labor used on-farm. Gross cash farm income (GCFI) is annual income before
expenses and includes commodity cash receipts, farm-related income, and government farm program payments. “Net farm income” is gross
farm income (GCFI plus change in value of inventory plus rental value of farm dwelling) minus cash expenses including depreciation.
Source: USDA Agricultural Resource Management Survey, 2007–2016.
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4.1. IV Regressions

A separate first-stage regression (Table 4) shows that greater educational attainment results in
higher off-farm income for the spouse: compared to spouses who did not complete high school,
spouses with a high school diploma earned 33% more off-farm income, spouses with less than 4
years of college earned 46% more, and spouses with a 4 year college degree earned 79% more.

The first-stage F statistic and Wald statistic provide tests of weak identification and under-
identification, respectively (Angrist and Pischke, 2009). Weak identification arises when the
excluded instruments are weakly correlated with the endogenous regressors, which may cause
the estimator to perform poorly (Stock and Yogo, 2005). The first-stage F statistic can be com-
pared to the Stock and Yogo (2005) critical values for the Cragg–Donald F statistic. In our case,
the F statistic has a value of 218, which is well above the Stock–Yogo critical values (which range
between 5 and 22 based on test assumptions) indicating that the endogenous regressor is not
weakly identified.

The Angrist–Pischke underidentification test is a test of whether the excluded instruments are
“relevant”—that is, correlated with the endogenous regressors. The Angrist–PischkeWald statistic
is distributed as chi-squared under the null that the endogenous regressor is unidentified. In our
case, the test statistic has a value of 649 with a P value of<0.0001, indicating that the model is not
underidentified.

We also evaluate the validity of the instruments by testing whether the excluded instruments
are appropriately independent of the error process. We perform a test of overidentifying restric-
tions by regressing the residuals from the IV regression on all the instruments. Under the null
hypothesis that the instruments are uncorrelated with the error in the outcome equation, the test
has a chi-squared distribution and under the assumption of i.i.d. errors is known as a Sargan test.
In our case, for the five outcome equations (Table 5) the Sargan test statistic has a P value ranging
from 0.72 to 0.96. Hence, we cannot reject the null hypothesis that the overidentifying restrictions
are valid.

Table 3. Income, borrowing, and capital expenditures by off-farm income quartile and spouse’s education: farms where
spouse does not work on-farm

Off-farm
income ($)

Farm income
($)

Total debt
($)

Interest
expense ($)

Capital
expenditures ($)

Off-farm income quartile
(percentile)

0–25 22,708 25,298 73,945 3,507 14,368

25–50 49,774 18,128 64,441 3,102 11,110

50–75 76,967 13,689 64,724 2,759 11,401

75–100 203,851 6,782 58,297 3,021 12,355

Spouse’s education

Some high school 62,438 7,408 35,457 1,843 6,037

High school 77,628 10,946 48,588 2,303 9,171

Some college 99,476 17,934 74,138 3,501 14,659

4� years college 141,374 20,511 89,034 4,240 16,502

Note: values in 2016 dollars. Total debt includes all farm-related current and non-current liabilities (loan balances, accrued interest, and
accounts payable).
Source: USDA Agricultural Resource Management Survey, 2007–2016. The sample includes family farms where the operator’s spouse does not
work on-farm.
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Table 4. First-stage regression: log of spouse’s off-farm income

Coefficient (Std. Err.)

Spouse educ.: high school 0.335***

(0.039)

Spouse educ.: some college 0.458***

(0.041)

Spouse educ.: 4� years college 0.794***

(0.042)

Oper. educ.: high school 0.185***

(0.033)

Oper. educ.: some college 0.248***

(0.035)

Oper. educ.: 4� college 0.362***

(0.036)

Male operator −0.250***

(0.038)

Oper. age: 40 � age < 45 0.107***

(0.038)

Oper. age: 45 � age < 50 0.339***

(0.035)

Oper. age: 50 � age < 55 0.193***

(0.032)

Oper. age: 55 � age < 60 0.395***

(0.029)

Oper. age: 60 � age < 65 0.318***

(0.031)

Oper. age: 65 � age 0.510***

(0.027)

Constant 9.656***

(0.082)

Commodity specialization Yes

State Yes

Year indicator Yes

Number of observations 29,137

Adj. R2 0.082

Note: standard errors in parentheses. ***P< 0.01, **P< 0.05, *P< 0.1.
Source: USDA Agricultural Resource Management Survey, 2007–2016. The sample includes
family farms where the operator’s spouse does not work on-farm.
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The second-stage IV estimates show that off-farm income increases borrowing and investment
(Table 5). Because of the highly skewed nature of the income and debt variables, we use logarithms
to reduce the effect of extreme values on the outcomes. Results indicate that a 1% increase in the
spouse’s off-farm income is associated with increases of 0.7% for total debt, 0.6% for current debt,

Table 5. Second-stage IV regressions: borrowing and investment

IV (2SLS) IV-Tobit

Log total
debt

Log current
liabilities

Log non-current
liabilities

Log interest
expenses

Log capital
expenditures

Log spouse off-farm
income

0.724*** 0.651*** 2.849*** 2.928*** 2.934***

(0.090) (0.075) (0.480) (0.333) (0.317)

Oper. educ.: high
school

0.255*** 0.226*** 0.316 −0.235 −0.922***

(0.073) (0.061) (0.482) (0.327) (0.304)

Oper. educ.: some
college

0.394*** 0.325*** 1.567*** 0.730** −0.136

(0.084) (0.070) (0.516) (0.351) (0.328)

Oper. educ.:
4� college

0.235** 0.178** 0.503 −0.205 −0.832**

(0.098) (0.082) (0.596) (0.407) (0.382)

Male operator 0.802*** 0.689*** 4.708*** 3.878*** 3.496***

(0.089) (0.075) (0.667) (0.451) (0.419)

Oper. age: 40 � age
< 45

−0.522*** −0.362*** −0.575 −0.811** −0.810***

(0.089) (0.075) (0.457) (0.315) (0.312)

Oper. age: 45 � age
< 50

−0.498*** −0.343*** −1.616*** −1.444*** −1.338***

(0.086) (0.072) (0.425) (0.293) (0.289)

Oper. age: 50 � age
< 55

−0.519*** −0.372*** −1.539*** −1.490*** −0.984***

(0.075) (0.063) (0.386) (0.266) (0.262)

Oper. age: 55 � age
< 60

−0.944*** −0.655*** −4.169*** −3.870*** −2.918***

(0.072) (0.061) (0.378) (0.261) (0.255)

Oper. age: 60 � age
< 65

−0.980*** −0.674*** −3.958*** −3.286*** −1.589***

(0.074) (0.062) (0.374) (0.256) (0.251)

Oper. age: 65 � age −1.514*** −1.080*** −8.441*** −6.660*** −3.476***

(0.073) (0.061) (0.380) (0.261) (0.252)

Constant 1.142 1.006 −31.850*** −26.894*** −25.124***

(0.908) (0.761) (4.785) (3.320) (3.153)

Commodity
specialization

Yes Yes Yes Yes Yes

State Yes Yes Yes Yes Yes

Year indicator Yes Yes Yes Yes Yes

Number of
observations

29,137 29,137 29,137 29,137 29,137

Note: standard errors in parentheses. ***P< 0.01, **P< 0.05, *P< 0.1.
Source: USDA Agricultural Resource Management Survey, 2007–2016. The sample includes family farms where the operator’s spouse does not
work on-farm.
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2.9% for non-current debt, 3.0% for interest expenses, and 3.0% for capital expenditures.3 The
effect on non-current debt and capital expenditures is substantially larger than the effect on cur-
rent debt (and on total debt, which is dominated for many farms by current debt, because over half
of all farms have no non-current debt). This implies that off-farm income allows for a larger
increase in long-term capital and land purchases funded by long-term debt. Long-term debt is
more likely to be subject to household income and collateral requirements compared to short-
term debt. Short-term debt, which can include production loans for seeds, pesticides, and other
inputs are often secured by the expected value of the harvest, which makes off-farm income less
important (OCC, 2017).

The large and positive effect of off-farm income on borrowing and investment implied by the
IV estimates can be contrasted with the much smaller or negative effects implied by naïve ordinary
least squares (OLS)/Tobit estimates (appendix Table A1). The OLS/Tobit coefficients imply that a
1% increase in off-farm income is associated with changes in the measures of borrowing ranging
between about −0.1% and 0.1%. These results are consistent with the weak negative association
between off-farm income and borrowing and investment that was observed in the top half of
Table 3.

Table 5 also provides information about how other factors influence farm borrowing and
investment. As would be expected, borrowing and capital expenditures tend to decline with
age, with a particularly steep drop off in investment for operators over age 65. Male operators
tend to invest more than their female counterparts. Greater educational attainment by the opera-
tor was generally associated with more borrowing and investment. However, there was little sig-
nificant difference in the effect of educational attainment beyond the “some college” level.

The appendix Table A2 illustrates that the results are robust to different specifications of the
second-stage model using the log of total debt as the dependent variable. The parameter associated
with off-farm income is stable across the four specifications (column 4 is the preferred model).

Appendix Table A3 illustrates that the second-stage estimates are also robust to an alternative
definition of the spouse’s off-farm income. As discussed above, the spouse’s off-farm income could
be defined as wage income alone or wage income plus other non-farm income to the household.
Table A3 shows the results of the IV regressions with the spouse’s income limited to wage income.
To obtain variation in the instrument across all observations, the sample is limited to households
where the spouse earns a positive wage income, which reduces the sample size from 29,137 to
17,437. Nonetheless, the estimated parameters in Table A3 are very similar to those in
Table 5. For example, for the logarithm of total debt, the estimated parameter is 0.724 using
the more expansive definition of off-farm income, and 0.702 using the more restrictive definition.

Table 6 presents the coefficients associated with the spouse’s off-farm income in the second-
stage IV regressions for 11 additional outcome variables using the full model and the more expan-
sive definition of spouse’s off-farm labor. The first three outcomes measure labor use on and off
the farm. The results indicate that an exogenous increase in off-farm income leads to an increase
in both total and operator labor use on-farm and a decrease in operator off-farm income. This
implies that some operators respond to additional off-farm income by shifting from off-farm work
to farm work. This is consistent with a binding credit constraint as discussed above. In contrast,
for farm households not facing a binding credit constraint, the standard household model implies
operators would respond to an exogenous increase in non-farm income by working less off-farm
and less on-farm, as the additional income would allow them to “consume” additional leisure.

The fourth and fifth variables in Table 6 measure the input mix. Labor intensity is measured as
the value of total on-farm labor-to-total expense ratio, where on-farm labor includes the implicit
cost of operator labor plus hired labor costs. Capital intensity is measured as the interest expense-

3Since both the dependent and independent variables are log-transformed, a one percent increase in off-farm income results
in a 100 	 1:01� �θ � 1

� �
percent increase in the dependent variable, where θ is the estimated coefficient associated with off-farm

income in the second stage.
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to-total expense ratio. The IV regression results indicate that a 1% increase in off-farm income
causes a 0.05 percentage point decline in the labor ratio and a 0.02 percentage point increase in the
capital ratio. Hence, the results are consistent with off-farm income relieving a long-run credit
constraint and shifting the input mix toward a more capital-intensive mode of production.

The six and seventh variables are measures of farm size. The previous results showed that more
off-farm labor leads to an increase in borrowing, capital investment, and on-farm labor use.
Greater borrowing and input use would be expected to result in more production and a larger
farm size. This is confirmed by the IV results which show that a 1% increase in off-farm income
increases the total value of farm production by 0.8% and the total value of farm assets by 0.4%.

The last group of outcome variables in Table 6 includes measures of farm income, productivity,
and net worth. If a farm faces a binding credit constraint, then a relaxation of the constraint would
be expected to result in a more efficient allocation of resources and thus to higher farm profits.
This prediction is consistent with the results, which indicate that a 1% increase in off-farm income

Table 6. Effect of off-farm income on operator labor, input mix, farm size, farm
income, and productivity

Second-stage dependent variable Log off-farm income coefficient

Labor allocation

Log total on-farm labor value 0.312***

(0.055)

Log operator’s on-farm labor hours 0.369***

(0.043)

Log operator’s off-farm incomea −2.589***

(0.407)

Input mix

On-farm labor value/total expense −0.051***

(0.007)

Interest expense/total expense 0.022***

(0.004)

Farm size

Log value of production 0.781***

(0.106)

Log farm assets 0.436***

(0.043)

Income, wealth and productivity

Net farm income 6,899**

(3,324)

Log household net worth 0.484***

(0.032)

GCFI/total expense 0.052***

(0.013)

aIV-Tobit estimation.Note: standard errors in parentheses. ***P< 0.01, **P< 0.05, *P< 0.1.
Source: USDA Agricultural Resource Management Survey, 2007–2016. The sample includes family
farms where the operator’s spouse does not work on-farm.
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is associated with a $59 increase in farm income to the household and a $69 dollar increase in net
farm income.4 These effects can be compared to the average farm household income and net farm
income values of $16,067 and $25,091, respectively, for family farms with a married operator
whose spouse does not work on the farm (Table 3). This implies increases of 0.4% and 0.3%
for farm income to the household and net farm income, respectively.

The results also indicate that an increase in off-farm income leads to an increase in productivity
—which is measured using the ratio of gross cash farm income to total expenses. Specifically, we
find that a 1% increase in the spouse’s off-farm income is associated with a 0.05 percentage point
increase in the productivity index. With an average value of 0.69, this implies an increase of 0.07%.
Hence, a 10% increase in the spouse’s off-farm income (an increase of about $6,711) would
increase farm productivity by about 0.7%.

The productivity index used in this study does not provide information about the source of
productivity differences across farms. Higher productivity could result because the additional bor-
rowing allows farms to use a more efficient (and capital-intensive) product mix. Another not
mutually exclusive possibility is that the additional borrowing allows farms to expand to a larger
and more efficient scale (Key, 2019).

Net worth is the last outcome variable shown in Table 6. A household’s net worth will depend
on its inherited wealth plus accumulated savings. Households with higher income should be able
to save more. Since higher off-farm income was shown to lead to higher farm income, it could be
expected that higher off-farm income would be associated with higher net worth. Indeed, the
results also indicate that a 1% increase in off-farm income results in a 0.5% increase in net worth.

4.2. Effects by Operator and Farm Subgroups

It is likely that different types of operators and different types of farms will respond in different
ways to a change in off-farm income. Farmers likely vary in their access to credit and have dif-
ferent objectives in terms of farm growth depending on their financial positions and on lifecycle
factors. In this section, we test how the effects of off-farm income on farm decisions vary by the
age and experience of the principal operator (Table 7) and by the size of the operation (Table 8).

Farms are classified as “beginning” if the principal operator has no more than 10 years of farm-
ing experience and are classified as “young” if the principal operator is less than 40 years old. As
discussed above, the second-stage regression results show that borrowing and investment tend to
decline with the age of the operator—with the highest levels found among the farms with oper-
ators less than 40 years old. Younger and less-experienced farmers may have a high demand for
credit, but at that same time may not have the savings or farm income with which to secure suffi-
cient capital. Hence, younger and less-experienced farmers may be more credit constrained, and
off-farm income may have a bigger effect on their farm decisions. That is, additional off-farm
income may lead to a bigger increase in borrowing for young and beginning farmers, leading
to a bigger increase in farm size, income, and productivity. To test this hypothesis, we estimate
the effect of off-farm income on seven key outcome variables.

In general, the effects of off-farm income on the outcome variables are not greater for begin-
ning farms compared to all farms (Table 7). In contrast, six out of the seven variables coefficients
are larger for young farms (operator less than 40 years old) compared to all farms. Four of these
differences are statistically significantly different from zero at the 90% level. For young–beginning
farms the marginal effects are even larger: all seven coefficients are larger for young–beginning
farms compared to all farms and four of these differences are statistically significant. As an

4Farm household income and net farm income frequently have negative values, which precludes using logarithms. Because
the independent variable is log-transformed and the dependent variable is not, a one percent increase in off-farm income
results in a θ 	 ln 1:01� � unit increase in the dependent variable, where θ is the estimated coefficient associated with off-farm
income in the second stage.
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Table 8. Effect of off-farm income on borrowing, farm size, profits, and productivity by farm size

Second-stage
dependent variable

Log off-farm income coefficient

Large(GCFI 

$1,000,000)

Midsize (GCFI: $350,000–
$999,999)

Small (GCFI <
$350,000)

Very low sales (GCFI <
$50,000)

Log total debt 0.332 0.340* 0.634*** 0.289**

(0.277) (0.177) (0.097) (0.120)

Log current liabilities 0.087 0.302** 0.570*** 0.273***

(0.251) (0.149) (0.081) (0.097)

Log value of production −0.093 0.128* 0.700*** 0.422***

(0.099) (0.075) (0.118) (0.159)

Log farm assets 0.267* 0.271*** 0.407*** 0.288***

(0.139) (0.080) (0.048) (0.060)

Net farm income −101,961 −21,154 2,805* 261

(83,719) (18,384) (1,663) (1,362)

GCFI/total expense −0.049 −0.020 0.041*** 0.003

(0.042) (0.027) (0.015) (0.018)

Observations 2,132 4,658 22,347 11,644

Note: standard errors in parentheses. ***P< 0.01, **P< 0.05, *P< 0.1. GCFI is annual income before expenses and includes commodity cash
receipts, farm-related income, and government farm program payments.
Source: USDA Agricultural Resource Management Survey, 2007–2016. The sample includes family farms where the operator’s spouse does not
work on-farm.

Table 7. Effect of off-farm income on borrowing, farm size, profits, and productivity by operator age, and experience

Second-stage dependent
variable

Log off-farm income coefficient

All
farms

Beginning
farms

Operator
age< 40 years

Beginning and operator
age< 40

Log total debt 0.724*** 0.855*** 1.201*** 1.457**

(0.090) (0.265) (0.296) (0.673)

Log current liabilities 0.651*** 0.640*** 1.043*** 1.474**

(0.075) (0.217) (0.251) (0.596)

Log value of production 0.781** 0.674** 0.729*** 1.859***

(0.106) (0.274) (0.239) (0.643)

Log farm assets 0.436*** 0.345*** 0.467*** 0.564**

(0.043) (0.117) (0.117) (0.253)

Net farm income 6,898** 1,388 15,619 20,195

(3,323) (7,725) (11,373) (21,062)

GCFI/total expense 0.052*** 0.049 0.196*** 0.275***

(0.013) (0.032) (0.037) (0.092)

Observations 29,137 3,720 2,418 1,225

Note: standard errors in parentheses. ***P< 0.01, **P< 0.05, *P< 0.1. A beginning farm has a principal operator with less than 10 years of
farming experience.
Source: USDA Agricultural Resource Management Survey, 2007–2016. The sample includes family farms where the operator’s spouse does not
work on-farm.
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example, a 1% exogenous increase in off-farm income increases total debt by 0.7% for all farms,
0.85% for beginning farms, 1.2% for young farms, and 1.5% for young–beginning farms. For total
debt, current liabilities, the value of production, farm income, and productivity, the effects of an
increase in off-farm income are statistically significantly larger when the principal operator is both
young and beginning.

Next, we explore how the effect of off-farm income on borrowing and other farm decisions
varies with the size of the operation. There are several reasons why the effects could vary with
farm size. The first stems from the fact that off-farm income represents a diminishing share
of total household income as farm size increases. For large operations, a change in the spouse’s
income will have a relatively small effect on total household income and therefore should have a
proportionately smaller effect on farm-related borrowing. Indeed, Briggeman (2011) found that
large farms consistently had a farm debt repayment capacity utilization ratio below 100%, imply-
ing that operators of these farms could meet their farm debt obligations with farm income alone.
This was not the case for operators of small farms, who could not meet their debt obligations
without off-farm income.

Another reason why the effect of off-farm income could vary by scale stems from differences in
motivations for farming. It has been hypothesized that operators of very small “lifestyle” or
“hobby” farms might be less motivated by economic returns and instead place more value on
the non-pecuniary benefits from farming than operators of larger commercial operations
(Howley, 2015; Key and Roberts, 2009). Indeed, a large share of small-scale operations reports
negative farm income ever year (Key, 2019). One possible explanation for why these farmers con-
tinue in business despite economic losses is that they derive pleasure from the attributes of farm
work. These producers may enjoy the autonomy and independence of farming, the sense of
responsibility and pride associated with business ownership, or other social or lifestyle attributes
of farming (Howley, 2015; Key and Roberts, 2009). Key and Roberts found that, on average, farm
households reported earning more per hour off-farm than they did on-farm, and this wage dif-
ferential was larger for smaller farms. The wage differential implies large non-pecuniary benefits
to farming—particularly for very small farms. In addition, the U.S. tax code allows households to
use reported farm losses to offset non-farm income and thereby lower total income taxes (Durst,
2009). It is possible that operators of small-scale farms, who are motivated by farming’s non-
pecuniary or tax benefits, place less emphasis on the economic returns of their farms and are
therefore less inclined to invest in their operations in order to increase the scale of production
or raise productivity. These farmers may be less likely to borrow for their business in response
to an increase in non-farm income.

To assess how the effects vary with scale, we follow the most recent USDA-ERS farm typology
(Hoppe and MacDonald, 2013) and divide the sample of family farms into three categories based
on gross cash farm income (GCFI): large-scale ($1,000,000 or more), midsize ($350,000–
$999,999), and small (less than $350,000).5 We also separately analyze the category of very small
farms, defined as having GCFI less than $50,000. It is worth noting that although small-scale farms
only produce about a fifth of total output (21%) they represent about 90% of all farms (Hoppe and
MacDonald, 2013). Midsize and large farms produce 26% and 41% of all output yet represent only
about 6% and 2% of all farms, respectively.

The results of separate regressions for each farm size group are consistent with the hypotheses
discussed above (Table 8). For large-scale operations, we find that additional off-farm income has
little effect on farm decisions. Additional farm income has a small marginally significant positive
effect on farm assets but no statistically significant effect on borrowing or the other outcomes. For
large farms, off-farm income typically represents a relatively small share of total income for these
farms, which could explain why it has little effect on farm decisions.

5The USDA-ERS typology includes a fourth category of farms, non-family farms, which are not considered here. This
analysis focuses exclusively on family farms, which represent about 98% of all farms.
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In contrast, for small farms (less than $350,000 in GCFI) the effects of off-farm income on
borrowing and other farm decisions are similar to the effects estimated for all farms. The small
farm category includes a large and diverse collection of farms. Some of these small farms may be
operated by commercially oriented younger farmers who desire to expand their operation yet are
constrained in their ability to obtain credit.

For midsize farms, the effects of off-farm income on borrowing, investment, and farm size are
all positive and significant. However, the effects are smaller than they are for small farms, reflect-
ing the relatively smaller contribution of off-farm income to total household income. Off-farm
income has no significant effect on farm income or productivity for midsize operations.

For very small-scale operations with less than $50,000 in GCFI, the off-farm income also has a
relatively small effect on borrowing and investment. The effect might be diminished because some
operators of these very small farms are partly motivated by non-pecuniary or tax incentives to
farming. These operators might be less motivated to invest in their operations to raise output
or productivity. It is also possible that operators of these very small farms are less likely to be
credit constrained, so additional off-farm income does not result in additional borrowing.

5. Conclusion
Lenders often limit the amount of credit they extend to farmers based on farm household income
and collateralizable assets. Higher off-farm income may increase farmers’ access to credit by rais-
ing their loan repayment capacity and wealth. To the extent it relieves a binding credit constraint,
higher off-farm income may cause some farmers to alter their production decisions in ways that
raise farm income, productivity, and growth. This study estimated the effects of a change in off-
farm income on borrowing, farm decisions, and economic performance. Differences in the edu-
cational attainment of farm operator spouses were used to identify exogenous variation in off-
farm income among U.S. farm households.

The estimated effects of an increase in off-farm income are consistent with predictions from a
household model where producers face a binding credit constraint. Specifically, we find that an
increase in off-farm income causes more short- and long-term borrowing and greater capital
expenditures. We also find that additional off-farm income leads to more total on-farm labor
use and induces principal operators to work more on-farm and work less off-farm. Results show
that higher off-farm income causes capital’s share of total expenses to increase and labor’s share to
decline—likely reflecting a decrease in the relative effective cost of capital. We also find that higher
off-farm income is associated with an increase in farm size, farm profits, and productivity. All
these responses are consistent with a binding credit constraint: additional off-farm income allows
producers to borrow more and to shift to a more efficient input mix and scale of production.

Results indicate that the marginal effects of an increase in off-farm income are greater for farms
with a young principal operator (less than 40 years old). While the marginal effects do not appear
to differ significantly for beginning farmers as a whole, the effects are largest for young–beginning
farmers. These farmers may have a high demand for credit, but at that same time may not have the
savings or farm income with which to secure sufficient capital. Hence, young–beginning farmers
may be more credit constrained, so additional off-farm income leads to a larger increase in bor-
rowing, farm size, income, and productivity.

Results also indicate that the effects of off-farm income on borrowing and other farm decisions
are strongest for small farms (gross cash farm income less than $350,000), some of which may be
operated by commercially oriented younger farmers who desire to expand their operation, yet are
constrained in their ability to obtain credit. The effects are less strong for very small farms (under
$50,000 in gross income), perhaps because fewer of the operators of these farms seek to expand
their farms, or because fewer of them face financial constraints to expansion. Off-farm income has
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no significant effect on large farms (with at least $1 million in gross income) where off-farm
income typically represents a relatively small share of total household income.

The findings that additional off-farm income results in greater borrowing, investment, and
efficiency, suggests a possible role for policies that promote rural employment through education,
rural development, or other programs. The findings also imply that programs that directly expand
access to credit—e.g., by guaranteeing commercial bank loans or by reducing collateral or income
requirements—could improve efficiency and raise profits. The results suggest that young–begin-
ning farmers and those operating small farms could be the most likely to benefit from such
programs.
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Appendix

Table A1. Naïve OLS and Tobit regressions: borrowing and investment

OLS Tobit

Log total
debt

Log current
liabilities

Log non-current
liabilities

Log interest
expenses

Log capital
expenditures

Log spouse off-farm income 0.063*** 0.056*** −0.0513 −0.116*** 0.0804*

(0.013) (0.011) (0.0666) (0.0433) (0.0423)

Oper. educ.: high school 0.495*** 0.442*** 1.717*** 1.223*** 0.418*

(0.063) (0.053) (0.413) (0.268) (0.249)

Oper. educ.: some college 0.738*** 0.635*** 3.244*** 2.478*** 1.477***

(0.067) (0.056) (0.426) (0.276) (0.258)

Oper. educ.: 4� college 0.751*** 0.642*** 2.961*** 2.365*** 1.557***

(0.067) (0.056) (0.430) (0.278) (0.259)

Male operator 0.654*** 0.556*** 4.340*** 3.497*** 3.131***

(0.084) (0.070) (0.648) (0.422) (0.391)

Oper. age: 40 � age < 45 −0.446*** −0.293*** 0.0322 −0.175 −0.214

(0.085) (0.070) (0.431) (0.283) (0.283)

Oper. age: 45 � age < 50 −0.275*** −0.143** −0.844** −0.636** −0.583**

(0.077) (0.064) (0.392) (0.257) (0.257)

Oper. age: 50 � age < 55 −0.396*** −0.262*** −0.977*** −0.902*** −0.429*

(0.071) (0.059) (0.362) (0.237) (0.236)

Oper. age: 55 � age < 60 −0.717*** −0.451*** −3.189*** −2.839*** −1.949***

(0.063) (0.052) (0.330) (0.216) (0.215)

Oper. age: 60 � age < 65 −0.799*** −0.512*** −3.494*** −2.803*** −1.130***

(0.067) (0.056) (0.354) (0.231) (0.228)

Oper. age: 65 � age −1.227*** −0.823*** −7.369*** −5.538*** −2.421***

(0.060) (0.050) (0.326) (0.212) (0.207)

Constant 7.689*** 6.897*** −3.794*** 2.564*** 2.512***

(0.215) (0.179) (1.280) (0.831) (0.795)

Commodity specialization Yes Yes Yes Yes Yes

State Yes Yes Yes Yes Yes

Year indicator Yes Yes Yes Yes Yes

Number of observations 29,137 29,137 29,137 29,137 29,137

Adj. R2 0.230 0.250 – – –

Note: standard errors in parentheses. ***P< 0.01, **P< 0.05, *P< 0.1.
Source: USDA Agricultural Resource Management Survey, 2007–2016. The sample includes family farms where the operator’s spouse does not
work on-farm.
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Table A2. Robustness of results to specification of second-stage IV regressions: log total debt

Dependent variable: Log of total debt

IV (2SLS)

(1) (2) (3) (4)

Log spouse off-farm income 0.873*** 0.896*** 0.755*** 0.724***

(0.066) (0.102) (0.093) (0.090)

Oper. age: 40 � age < 45 −0.863*** −0.868*** −0.549*** −0.522***

(0.100) (0.100) (0.092) (0.089)

Oper. age: 45 � age < 50 −0.723*** −0.727*** −0.495*** −0.498***

(0.093) (0.096) (0.088) (0.086)

Oper. age: 50 � age < 55 −0.862*** −0.855*** −0.520*** −0.519***

(0.083) (0.085) (0.078) (0.075)

Oper. age: 55 � age < 60 −1.310*** −1.329*** −0.881*** −0.944***

(0.075) (0.082) (0.075) (0.072)

Oper. age: 60 � age < 65 −1.453*** −1.433*** −0.992*** −0.980***

(0.081) (0.083) (0.076) (0.074)

Oper. age: 65 � age −2.200*** −2.180*** −1.588*** −1.514***

(0.073) (0.082) (0.075) (0.073)

Oper. educ.: high school 0.325*** 0.308*** 0.255***

(0.082) (0.075) (0.073)

Oper. educ.: some college 0.523*** 0.501*** 0.394***

(0.094) (0.086) (0.084)

Oper. educ.: 4� college 0.125 0.297*** 0.235**

(0.111) (0.101) (0.098)

Male operator 1.171*** 0.676*** 0.802***

(0.099) (0.092) (0.089)

Constant −0.303 −1.975* 2.246** 1.142

(0.686) (1.034) (0.943) (0.908)

Commodity specialization Yes Yes

State Yes

Year indicator Yes

Number of observations 29,137 29,137 29,137 29,137

Note: standard errors in parentheses. ***P< 0.01, **P< 0.05, *P< 0.1.
Source: USDA Agricultural Resource Management Survey, 2007–2016. The sample includes family farms where the operator’s spouse does not
work on-farm.
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Table A3. Second-stage IV borrowing and investment regressions: spouse’s off-farm income from wages only

IV (2SLS) IV-Tobit

Log total
debt

Log current
liabilities

Log non-current
liabilities

Log interest
expenses

Log capital
expenditures

Log spouse off-farm
income

0.702*** 0.623*** 2.658*** 2.873*** 3.512***

(0.101) (0.084) (0.462) (0.303) (0.318)

Oper. educ.: high
school

0.359*** 0.250*** 1.151* 0.500 0.007

(0.115) (0.095) (0.651) (0.422) (0.432)

Oper. educ.: some
college

0.403*** 0.257** 1.792*** 0.940** 0.403

(0.127) (0.105) (0.680) (0.441) (0.453)

Oper. educ.: 4�
college

0.280** 0.142 1.081 0.306 −0.281

(0.131) (0.109) (0.711) (0.461) (0.474)

Male operator 1.039*** 0.914*** 4.973*** 4.012*** 3.971***

(0.120) (0.099) (0.830) (0.540) (0.552)

Oper. age: 40 � age
< 45

−0.714*** −0.487*** −0.355 −0.485 −0.446

(0.101) (0.084) (0.461) (0.303) (0.325)

Oper. age: 45 � age
< 50

−0.511*** −0.361*** −0.975** −0.839*** −0.999***

(0.090) (0.075) (0.416) (0.273) (0.293)

Oper. age: 50 � age
< 55

−0.553*** −0.404*** −0.974** −0.921*** −0.456*

(0.085) (0.070) (0.386) (0.253) (0.271)

Oper. age: 55 � age
< 60

−0.637*** −0.391*** −2.532*** −2.334*** −1.674***

(0.077) (0.064) (0.356) (0.234) (0.250)

Oper. age: 60 � age
< 65

−0.801*** −0.534*** −2.896*** −2.318*** −0.733***

(0.084) (0.070) (0.393) (0.257) (0.273)

Oper. age: 65 � age −0.763*** −0.450*** −4.121*** −2.723*** −0.009

(0.096) (0.079) (0.462) (0.302) (0.317)

Constant 1.047 1.130 −30.110*** −26.520*** −32.293***

(1.060) (0.878) (4.963) (3.253) (3.413)

Commodity
specialization

Yes Yes Yes Yes Yes

State Yes Yes Yes Yes Yes

Year indicator Yes Yes Yes Yes Yes

Number of
observations

17,437 17,437 17,437 17,437 17,437

Note: standard errors in parentheses. ***P< 0.01, **P< 0.05, *P< 0.1.
Source: USDA Agricultural Resource Management Survey, 2007–2016. The sample includes family farms where the operator’s spouse does not
work on-farm and the spouse earns a positive off-farm wage.
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