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Direct-to-Consumer Marketing and the
Survival and Growth of Beginning Farms

Nigel Key

Propensity score matching is used to estimate how direct-to-consumer (DTC) marketing
influences farm survival and growth over 5-year periods. Results show that beginning farms with
DTC sales grow more slowly but are more likely to survive in business compared to similar
farms without DTC sales. The study finds that DTC marketing is associated with lower financial
performance and a greater likelihood of facing borrowing constraints, which might help explain
the slower farm growth. DTC marketing is also associated with lower farm income volatility,
which might help explain the higher survival rate.

Key words: credit constraints, farm financial performance, farm growth, income volatility, local
foods, organic production

Introduction

Beginning farmers face distinct challenges in maintaining and expanding their operations. These
farmers are typically younger than their more established counterparts and often lack collateralizable
assets for securing business loans (Kauffman, 2013). With fewer assets, beginning farmers who
do borrow tend to be more highly leveraged and thus potentially more vulnerable to price and
production shocks (Key and Lyons, 2019). New producers also tend to operate smaller farms, which
may place them at a disadvantage vis-à-vis larger operations due to economies of scale.

Direct-to-consumer (DTC) marketing—where producers engage with consumers face-to-face at
farmers’ markets, roadside stands, pick-your-own farms, on-farm stores, and community-supported
agricultural arrangements—is a business model that could potentially help beginning farmers
prosper in a risky and competitive environment. Compared to traditional marketing, selling directly
to consumers is labor intensive, so it requires less capital and land to attain a certain level of farm
sales (Jablonski, Bauman, and Thilmany, 2021). This may reduce the need for financing and allow
beginning farmers with fewer collateralizable assets to operate at a larger scale.

DTC marketing may also provide beginning farmers with a more predictable source of income.
Farm profits can fluctuate widely because of changes in input and output prices and yields. Farmers
who market directly to consumers are exposed to these risks. However, farmers with direct sales
derive a portion of their farm income from marketing. This marketing income depends on the margin
between the wholesale and retail price, so it may remain relatively stable even when input and output
prices vary.

The potential benefits of DTC marketing for beginning farmers have been recognized by policy
makers. In 2012, the USDA “Know Your Farmer, Know Your Food” initiative explicitly recognized
the “significant role that local and regional market opportunities play for the recruitment and
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retention of new farm and food businesses” (US Department of Agriculture, 2012). One of the
initiative’s stated objectives was to “promote resources to help beginning producers and businesses
sell locally.” The USDA has tried to increase the number of beginning farmers who sell directly
to consumers using programs that promote the formation and expansion of DTC sales. The 2018
Agriculture Improvement Act of 2018 combined the Farmers’ Market and Local Food Promotion
Program and the Value-Added Agricultural Product Market Development Grants into the Local
Agriculture Market Program and reserved 10% of this program’s grant funding for beginning farmers
(Johnson, 2019).

While the potential benefits to farmers of selling locally are recognized, previous studies have not
found evidence of a positive link between DTC marketing and farm performance. For example, using
data from the USDA Agricultural Resource Management Survey (ARMS) Uematsu and Mishra
(2011) found that the intensity of adoption of direct marketing strategies had no significant impact
on gross cash farm income. They also found that direct sales in farmers’ markets were negatively
correlated with gross cash farm income across farm sizes. Park (2015) also examined the impact
of participation in direct marketing on farm sales using ARMS data. His study, which allowed for
heterogeneous effects across farm size, found that involvement in direct marketing was associated
with lower sales, after controlling for demographic factors, farm experience, and farm operation
characteristics. Similarly, Park, Paudel, and Sene (2018) found that producers who sold directly to
consumers experienced a substantial decline in total sales relative to farmers without DTC sales.

This study extends past research by estimating how DTC marketing influences farm business
performance over time. In particular, the study estimates the effect of DTC sales on farm business
survival and farm size growth. The analysis builds on several recent studies that have sought to
identify the factors correlated with the growth and survival of beginning farms using Census of
Agriculture panel data. Katchova and Ahearn (2017) found that farms operated by older beginning
farmers tend to be smaller and not grow as much over time. Their results show that it is mostly
young farmers, as opposed to all beginning farmers, who rapidly expand their operations after
entering agriculture. Nadolnyak, Hartarska, and Griffin (2019) examined how weather variability,
along with other economic and demographic factors, affect beginning farm exits. The authors found
that profitability and off-farm employment did not affect beginning farm exit rates, but farm size
(sales) lowered the probability of exit. More recently, Key (2022a) found that for beginning farms
higher farm productivity and greater reliance on agricultural program payments were both correlated
with higher rates of farm survival and business expansion. In a related study, Key (2022b) found
that farmers who were credit-constrained (i.e., unlikely to be offered new loans because of their
low repayment capacity) took on less new debt and had lower rates of survival and growth than
unconstrained farmers.

This study contributes to the literature by estimating the effect of DTC marketing in farm survival
and growth while controlling for sample selection bias using propensity score matching. Farms with
DTC sales likely differ in important ways from farms without DTC sales. Regression estimates of
the effect of having DTC marketing on farm survival and growth may suffer from sample selection
bias if these performance outcomes are influenced by unobserved and uncontrolled for differences
between farms with DTC sales and those without DTC sales. For example, if more-skilled farm
operators are both more likely to use DTC marketing and have higher rates of survival and growth,
then estimates of the effect of DTC marketing on these measures farm performance would be
biased upward. Indeed, Park, Mishra, and Wozniak (2014) found evidence of sample selection in
farmers’ choice of marketing strategies. Their study used a two-stage selection model, where they
estimated producers’ choice of a direct marketing strategy in the first stage and the influence of
farm and operator characteristics on farm sales in the second stage. They found that management
and marketing skills significantly affected DTC sales and that the selectivity correction terms in the
sales model were significant.

The effects of DTC sales on farm survival and growth rates are estimated using farm-level panel
data from the Census of Agriculture conducted in 2007, 2012, and 2017. Individual farms are linked
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Table 1. Sample Statistics: Small-Scale and Large-Scale Beginning Farms
Small-Scale Large-Scale

(N = 269,184) (N = 375,715)
Mean SD Mean SD

Direct-to-consumer sales 0.140 0.347 0.108 0.311
Survive 0.435 0.496 0.541 0.498
Growth in farm real estate assets (% change) 0.467 0.860 −0.063 0.763
Survive with nonnegative asset growth 0.233 0.423 0.298 0.457
Net returns ($) −310 47,059 27,812 266,747
Net return to assets (index) −0.018 1.138 0.030 0.182
Sales to assets (index) 295 866 157 504
Interest expense ratio red zone 0.093 0.291 0.105 0.307
Abs. value of percent change in sales (%) 147.2 69.8 130.6 74.7
Sales ($) 20,728 77,168 178,687 788,031
Farm real estate assets ($thousands) 123 72.4 1,022 1,249
Family farm 0.912 0.283 0.839 0.368
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
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
Initial year: 2007 0.520 0.500 0.502 0.500
County employment change (percentage pts) -0.277 9.659 0.385 9.709
Fruits and vegetables 0.110 0.313 0.106 0.308
Cattle 0.350 0.477 0.323 0.467
Other crops and hay 0.324 0.468 0.386 0.487
Other animals and animal products 0.215 0.411 0.186 0.389
Organic production 0.012 0.108 0.013 0.112

Notes: Small-scale farms are those with less than $250,000 (constant 2018 dollars) in farm real estate assets in the initial
period. Large-scale farms are those with initial real estate assets between $250,000 and $10,000,000.
Source: Author’s calculations using US Department of Agriculture Census of Agriculture (2007, 2012, 2017).

across censuses, which allows us to observe whether the farm survives and, if it does, to measure
its farm size growth. The expansive dataset, which includes almost all beginning farmers in the
United States, allows for precise coefficient estimates for farms in different scale and commodity
categories while controlling for farm characteristics, region, commodity specialization, and operator
demographics.

The results indicate that beginning farms with DTC sales generally grow more slowly than
similar farms using traditional marketing channels. However, the results also indicate that farms with
DTC sales have higher business survival rates and are more likely to remain in business without a
decline in farm assets. The second part of the paper explores some possible explanations for these
seemly inconsistent findings by examining links between DTC marketing and organic production,
farm financial performance, income volatility and credit constraints.
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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 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 worth of agricultural products per year.1 To
focus on beginning farms, we limit the sample to farms on which the principal operator reported
10 or fewer years of farming experience in the initial period. Farms are linked across consecutive
censuses (2007–2012 and 2012–2017) using the NASS “Principal Operator Identification,” and the
two panels are pooled.2

Some USDA policies that target beginning farms impose farm size limits on program
participants. 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 (US Department of
Agriculture, 2018). To better understand the determinants of success of smaller-scale operations, this
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 in constant 2018 dollars, and “large”
farms with initial assets between $250,000 and $10,000,000. Farms with more than $10,000,000 in
initial real estate assets are dropped from the analysis to reduce sample heterogeneity.

Table 1 reports summary statistics by farm size category for most of the variables used in this
study. Indicators for the nine ERS-USDA regions are not included in Table 1 for conciseness. The
top row indicates that 14.0% of small and 10.8% of large beginning farms had DTC sales. The
DTC indicator is based on the response the census question: “During [year of census], did you
produce, raise, or grow any crops, livestock, poultry, or agricultural products that were sold directly
to individual consumers for human consumption?” DTC sales were an important source of revenue
for farms with DTC sales, especially for smaller operations. Small beginning farms with DTC sales
had an average of $4,400 in DTC sales, which represented 29.7% of their total sales. Large beginning
farms with DTC sales had an average of $9,465 in DTC sales, which represented 16.3% of total
sales. It is likely that many of these farms also sold local or regionally branded foods directly to
retail markets, institutions, or food hubs. However, information about these types of local food sales
was not collected in the 2007 and 2012 censuses, and these sales are not included in the totals.

The three main outcome variables include an indicator of farm business survival, a measure of
farm size growth, and an indicator of business survival with nonnegative farm asset growth. Survival
indicates whether a farm responded to the subsequent census conducted 5 years later. In some cases,
an operator may not have responded to the census even though the farm remained in business. For
this reason, the observed farm business survival rate is lower than the actual survival rate. However,
the probability of responding to the census is unlikely to be correlated with whether the farm has
DTC sales. Hence, the fact that some farms do not respond to the census is unlikely to bias our
estimates of the effect of DTC sales on the outcomes. Farm growth is defined as the percentage
change in the inflation adjusted value of its farm real estate assets between censuses.3 Note that the
value of real estate assets includes all real estate assets used on the farm, regardless of whether these
assets are owned by the farm. As a robustness check, growth is also measured using the percentage
change in inflation-adjusted total farm sales.

The third outcome variable indicates whether a farm business survives without declining in size
(farm assets). This joint outcome may be a more accurate measure of farm business “success” than
the survival rate alone because farm growth provides useful information about a farm’s economic
viability (Key, 2022a). Farm expansion generally requires investment, which in turn implies that

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

Identification 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.

3 The value of real estate assets (land and buildings) is the preferred measure of farm size because it is less volatile than
the value of sales, which fluctuates widely in response to variation in in yields and prices.

https://www.nass.usda.gov/AgCensus/index.php
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an operation was profitable or was expected to be profitable. In contrast, farm contraction implies
disinvestment from the operation—perhaps because the owners failed to earn sufficient profits to
meet loan repayment obligations and had to liquidate productive assets to remain in business.

Empirical Approach

Matching is used to reduce the potential sample selection bias that can result if unobservable factors
related to the farm or farm operator cause operations with DTC sales to differ systematically
from those without DTC sales. Matching reduces selection bias by comparing a group of treated
observations (farms with DTC sales) to a group of untreated observations that are identical (or very
similar) across all observed covariates (Heckman, Ichimura, and Todd, 1997). The key assumption
is that if the groups are very similar across all observable variables, then the observations will also
be very similar across unobservable variables, so that omitted variable bias will be minimal.

More formally, let there be two groups of farmers: a treatment group (those using DTC
marketing, DTC = 1) and a control group (DTC = 0). We are interested in estimating the average
treatment effect on the treated (ATT), which is defined as

(1) ATT = E
(
Y 1 − Y 0 | DTC = 1

)
= E
(
Y 1 | DTC = 1

)
− E
(
Y 0 | DTC = 1

)
,

where Y 1 and Y 0 are the outcomes of interest for farms that participated in DTC marketing and
did not participate, respectively. The ATT is the amount that the outcome (e.g., farm growth rate)
changed because of DTC marketing for the farmers who used DTC marketing. The first term in the
difference, E(Y 1 | DTC = 1), is observable, while the second term, E(Y 0 | DTC = 1), is a hypothetical
counterfactual and must be estimated.

It is possible to use the matched non-DTC farms to estimate how the group of DTC farms
would have performed without DTC marketing if the conditional independence assumption were
maintained (Rubin, 1977). This means that given a set of observable covariates X , potential
(non-treatment) outcomes are independent of the treatment (DTC marketing) status. That is,
after adjusting for observable differences, the mean of the potential outcome is the same:
E(Y 0 | DTC = 1,X ) = E(Y 0 | DTC = 0,X ).

Propensity score matching (PSM) is commonly used when there are many covariates on which
to match observations and exact matches are unlikely (Rosenbaum and Rubin, 1983). With PSM,
farms are matched on their propensity score, defined as the conditional probability of being treated
(having DTC sales), given pretreatment characteristics z (observable variables that could plausibly
affect the decision to use DTC marketing). Probit regression is used to estimate the propensity score:

(2) DTCi = 1
[
α′zi + wi

]
,wi ∼ N[0,1].

Rosenbaum and Rubin (1983) showed that if exposure to treatment is random within cells
defined by z then it is also random within cells defined by the values of Prob (DTCi = 1 | zi ) =

Φ (α′zi ). Essentially, this means that after matching the treated and untreated observations using
the propensity score, any remaining differences between the groups are due to chance. Hence, any
difference in means between the treatment and the matched control groups can be attributed to
the treatment. For this interpretation to be valid, the conditional independence assumption must
hold. While this assumption is untestable, it can be more credibly invoked if there is a rich set of
variables that can control for many of the relevant factors affecting selection into the treatment group
(Caliendo and Kopeinig, 2008).

Nearest neighbor matching with replacement is used to match each treated observation with the
control unit having the closest propensity score (Dehejia and Wahba, 2002). To explore whether the
type of matching used matters for the results, we compared results from the nearest neighbor with
replacement to (i) nearest neighbor matching without replacement, (ii) kernel matching, and (iii)
radius matching. All three alternative matching approaches produced qualitatively similar results.
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Explanatory variables in propensity score probit regression (2) were selected to include factors
that could influence the decision to use DTC marketing and the outcome variables. These include
exogenous operator and operation characteristics and region indicators. Variables that might be
affected by the treatment should not be included in the probit model (Caliendo and Kopeinig,
2008). For that reason, the explanatory variables in the probit do not include potentially endogenous
variables, such as the level of borrowing (interest expenses) or business performance (e.g., net returns
or return on assets), which could be influenced by whether the farm uses DTC marketing. The effect
of DTC marketing on some of these variables is considered later in the study.

Control variables used in the propensity score probits include initial (first year of the 2-period
panel) characteristics of the operation and operator. Operation characteristics include farm size,
which is measured using the inflation-adjusted value of real estate assets used on the farm or by the
inflation-adjusted value of gross sales. Other farm characteristics include a business organization
indicator (family farm vs. nonfamily partnership, corporation, or other organization arrangement),
and nine USDA-ERS Farm Resource Region indicators.4 We conduct separate matching analyses
for each of four commodity specialization categories, so commodity specialization indicators are
not included among the exogenous variables in the probit regressions.

Exogenous principal operator characteristics include age, gender, race, and ethnicity
(Hispanic/non-Hispanic). The demographic variables are included to capture unobserved factors
that might be correlated with the operator’s access to credit, off-farm employment opportunities,
education, and other factors that could help explain farm business success and growth. Also included
as an explanatory variable is a measure of local off-farm employment opportunities, measured by the
percentage point change in the Bureau of Labor Statistics county unemployment rate in the census
years.

Results

To assess matching quality, we use a two-sample t-test indicating whether there are significant
differences in the means between the matched groups (Rosenbaum and Rubin, 1985). It was not
possible to obtain balanced covariates within each of the two farm size groups when the covariates
included all the commodity category indicators. To address this, we matched farms within size–
commodity categories, where the commodity categories were selected to attain the largest number
of categories possible while also achieving balanced covariates. This resulted in eight groups
corresponding to the two size and four commodity categories (fruits and vegetables, cattle, other
crops, and other animals).5 Propensity score matching for each group allows us to compare similar
matched farms within each size–commodity category (e.g., to compare large-scale cattle producers
that have DTC sales with similar large-scale cattle producers without DTC sales).

Appendix Table A1 reports the matching performance for one of the eight farm categories (small-
scale fruit and vegetable producers). Results for the other groups are similar but are not shown
for reasons of space. Before matching, there were statistically significant differences between the
treatment and control groups: For 20 of the 22 variables, we can reject the hypothesis that the
unweighted means are the same at the 90% level. In contrast, after matching, there are no statistically
significant differences between the groups for any of the variables, indicating that the covariates are
balanced.

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

5 “Fruits and vegetables” includes beets, cabbage, cantaloupes, pumpkins, sweet corn, tomatoes, watermelons, vegetable
seeds, almonds, apples, blueberries, cherries, grapes, hazelnuts, kiwifruit, oranges, pears, pecans, strawberries, and walnuts.
“Cattle” includes beef and dairy cattle for breeding stock, fed cattle, beef and dairy cull animals, stockers and feeders, and
veal calves. “Other crops” includes grains, oilseeds, dry beans, dry peas, tobacco, cotton, nursery, greenhouse, floriculture,
sod, cut Christmas trees, and hay. “Other animals” includes milk and dairy products, sheep, goats, horses, poultry and eggs,
aquaculture, other animals, and other animal products.

https://www.ers.usda.gov/publications/pub-details/?pubid=42299


Key Direct-to-Consumer Marketing 87

As a second test of matching quality, we reestimated the propensity score probit on the matched
samples and compared the psuedo-R2 before and after matching (Sianesi, 2004). After matching,
there should be no systematic difference in the distribution of covariates between groups, so the
covariates should do a poor job explaining the participation probability (i.e., we should find a low
pseudo-R2). Matching quality was confirmed for all the size–commodity categories. For example,
for the small-scale fruit and vegetable producers, the psuedo-R2 fell from 0.095 to less than 0.001
after matching and the p-value for the chi-square statistic fell from less than 0.001 to an insignificant
0.989, both indicating the probit model after matching had no explanatory power.

Results for the propensity score probit regression for the DTC sales decision are shown in
Appendix Table A2 for small- and large-scale producers that specialize in fruits and vegetables.
Results for the other farm size–commodity categories show similar patterns and are not shown for
reasons of space. The decision to sell directly to consumers is negatively correlated with farm size
and positively correlated with being organized as a family farm. Generally, the likelihood of having
DTC sales decreased with age of the principal operator. Farms having a female principal operator
were more likely to have DTC sales, holding all else constant, while having a Hispanic principal
operated reduced the likelihood of DTC sales. A decrease in the county-level unemployment rate
increased the chance of using DTC sales. The regions indicating where the farm was located were
also correlated with the likelihood of using DTC sales.

Farm Survival and Growth

Table 2 shows the matching results for each of the size–commodity groups. A positive (negative)
average treatment effect on the treated (ATT) suggests that farms with DTC sales have higher
(lower) survival rates or more (less) farm asset growth than they would without DTC sales. The
top set of results in Table 2 implies that engaging in DTC marketing increased the 5-year farm
business survival probability by 7–13 percentage points for smaller-scale operations and by 4–10
percentage points for larger-scale operations, depending on commodity specialization. These effects
are substantial and highly statistically significant.

The middle section of Table 2 shows the ATT for farm size growth (measured using the
percentage change over 5 years in inflation-adjusted value of real estate assets). The results imply
that DTC marketing has a negative effect on farm size growth for both small- and large-scale
operations, with the statistically significant declines of 4–12 percentage points. The reduction in
farm size growth associated with DTC marketing is consistent with earlier studies that found DTC
marketing to be associated with lower farm sales (Uematsu and Mishra, 2011; Park, 2015).

The bottom section of Table 2 shows the estimated ATT for the probability that a farm remains in
business for 5 years and does not decrease in size. For smaller farms, having DTC sales is estimated
to increase the probability of survival with nonnegative growth by 4–6 percentage points. For larger
farms, the ATT is small and not statistically significantly different from 0. Hence, for small farms
the positive effect of DTC marketing on business survival outweighs the negative effect of DTC
marketing on farm size growth. However, for larger farms these two effects largely offset each other.

As a robustness check, we reestimate the ATT for farm growth and for the probability of survival
with nonnegative growth using total sales (rather than assets) as the measure of farm size. For the
these estimates, we match farms on their initial sales and create farm size categories using a cutoff
of $75,000.6 The results (Appendix Table A3) are consistent with the results in Table 2, which used
assets to define farm size. As a second robustness check, we used $1,000 in direct sales as a threshold
to be considered a farm with DTC sales and dropped farms with less than $1,000 in DTC sales. This
definition of a farm with DTC sales produced qualitatively similar results for the survival, growth,
and “success” matching estimates.

6 The cutoff of $75,000 in sales have been used in other analyses of DTC farms (e.g., Whitt, Todd, and Keller, 2021).
The results are not sensitive to the cutoff and are qualitatively the same for cutoff values of $50,000 or $100,000. However,
using a cutoff substantially larger than $100,000 result in an insufficient number of farms in the larger category to achieve
convergence for some of the commodity categories.
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Table 2. Average Treatment Effect for the Treated: DTC Sales
Mean:

DTC Sales
Mean: No
DTC Sales Difference Std. Err. t-Statistic

Survival
Small-scale farms

Fruits and vegetables 0.468 0.398 0.071 0.011 6.58
Cattle 0.545 0.468 0.077 0.010 7.69
Other crops 0.572 0.441 0.130 0.013 10.13
Other animals 0.470 0.390 0.080 0.009 8.55

Large-scale farms
Fruits and vegetables 0.548 0.505 0.043 0.011 4.09
Cattle 0.631 0.554 0.078 0.008 9.26
Other crops 0.642 0.538 0.103 0.010 10.43
Other animals 0.578 0.504 0.074 0.010 7.76

Change in real estate assets (percentage points)
Small-scale farms

Fruits and vegetables 0.334 0.458 −0.124 0.031 −4.03
Cattle 0.393 0.412 −0.019 0.023 −0.83
Other crops 0.383 0.457 −0.073 0.030 −2.46
Other animals 0.330 0.406 −0.076 0.025 −3.03

Large-scale farms
Fruits and vegetables −0.255 −0.197 −0.058 0.022 −2.62
Cattle −0.147 −0.093 −0.054 0.016 −3.43
Other crops −0.132 −0.031 −0.101 0.019 −5.41
Other animals −0.189 −0.148 −0.041 0.018 −2.26

Survival with nonnegative growth
Small-scale farms

Fruits and vegetables 0.302 0.284 0.018 0.010 1.86
Cattle 0.375 0.331 0.044 0.010 4.56
Other crops 0.386 0.312 0.074 0.012 6.00
Other animals 0.304 0.268 0.036 0.009 4.20

Large-scale farms
Fruits and vegetables 0.197 0.211 −0.013 0.009 −1.56
Cattle 0.261 0.251 0.010 0.007 1.38
Other crops 0.273 0.277 −0.004 0.009 −0.47
Other animals 0.229 0.233 −0.004 0.008 −0.55

Notes: Small-scale farms are those with less than $250,000 (constant 2018 dollars) in farm real estate assets in the initial
period. Large-scale farms are those with initial real estate assets between $250,000 and $10,000,000.
Source: Author’s calculations using US Department of Agriculture Census of Agriculture (2007, 2012, 2017).

Organic Production

Next, we explore whether the estimated effects of DTC marketing on farm business survival and
growth might be partly explained by the engagement in organic production. The market for organic
products expanded rapidly during the period of study (Gelski, 2019). Farms with DTC sales are
more likely than an average farm to have organic production, so it is possible that the price premium
for organic goods—or some other benefit associated with organic production—contributed to the
higher survival rates observed for farms with DTC sales. On the other hand, it is also possible that
additional costs required for organic production made it more difficult for DTC farmers to increase
their farm size, which could help explain the negative association with farm growth.
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Table 3. Direct-to-Consumer Marketing and Organic Production: Beginning Farms, 2012

Share with
DTC Sales

Share with
Organic Production

Share of Those with
DTC Sales Having

Organic Production
All farms 0.133 0.025 0.106

Small-scale farms
Fruits and vegetables 0.516 0.123 0.189
Cattle 0.092 0.003 0.014
Other crops 0.071 0.020 0.155
Other animals 0.211 0.013 0.039

Large-scale farms
Fruits and vegetables 0.325 0.108 0.197
Cattle 0.100 0.004 0.017
Other crops 0.057 0.017 0.125
Other animals 0.152 0.035 0.066

Notes: A farm is classified as having organic production if it had at least one of the following: (i) USDA certified organic
production, (ii) USDA organic production exempt from certification, (iii) acres transitioning into USDA organic production,
or (iv) production according to USDA standards but not certified or exempt. Small-scale farms are those with less than
$250,000 (constant 2018 dollars) in farm real estate assets in the initial period. Large-scale farms are those with initial real
estate assets between $250,000 and $10,000,000.
Source: US Department of Agriculture (2012).

The evidence for how organic production interacts with local food sales is mixed. Detre et al.
(2011) found that organic crops sales were associated with higher gross farm sales, and this effect
was larger for farms having DTC sales. Park and Lohr (2010) used a Heckman-style selection model
to control for the potential bias arising from producers self-selecting into local food marketing.
Their study, which focused on organic producers, found that farmers who choose to sell most of
their product in local markets reported lower earnings from their organic sales compared to similar
producers with a lower share of local sales.

The Census of Agriculture began collecting information on organic production in 2012, which
limits our analysis to the 2012–2017 panel. Table 3 provides summary statistics on DTC sales and
organic production in 2012 for the sample.7 As shown in the right-hand column, 10.6% of beginning
farms with DTC sales also engaged in organic production, compared to 2.5% of all beginning farms.
The prevalence of organic production varied across commodity specialization. Among the “fruits
and vegetables” commodity group, 18.9% of small and 19.7% of large farms with DTC sales also
produced organically. We focus the subsequent analysis on this commodity group because it had the
largest share of organic producers. Results for the other commodity groups are qualitatively similar
and are not shown for conciseness.

First, we compare the farm survival and growth rates for organic versus nonorganic fruit and
vegetable producers to see whether organic production could be driving the differences between
DTC and non-DTC farms. We follow the same matching method previously used to assess the effect
of DTC sales on farm survival and growth. The results (Table 4) indicate no significant differences in
the outcomes between farms with organic production and similar farms without organic production
in survival probability, growth rate, or probability of surviving with nonnegative growth. Since
organic production is not statistically associated with the outcomes of interest, it is unlikely that
the use of organic production explains why farms with DTC sales have higher survival rates and
lower growth rates.

7 For this study, a farm is classified as having organic production if its census response indicated the farm had at least one
of the following: (i) USDA certified organic production, (ii) USDA organic production exempt from certification, (iii) acres
transitioning into USDA organic production, or (iv) production according to USDA standards but not certified or exempt.
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Table 4. Average Treatment Effect for the Treated: Organic Production, Fruits and
Vegetables Producers

Mean:
Organic

Production

Mean:
No Organic
Production Difference Std. Err. t-Statistic

Survival
Small-scale farms 0.442 0.461 −0.019 0.024 −0.79
Large-scale farms 0.519 0.535 −0.016 0.021 −0.78

Change in real estate assets (percentage points)
Small-scale farms 0.478 0.520 −0.042 0.064 −0.66
Large-scale farms −0.022 0.027 −0.049 0.045 −1.08

Survival with nonnegative growth
Small-scale farms 0.231 0.217 0.014 0.020 0.72
Large-scale farms 0.258 0.239 0.019 0.018 1.02

Notes: A farm is classified as having organic production if it had at least one of the following: (i) USDA certified organic
production, (ii) USDA organic production exempt from certification, (iii) acres transitioning into USDA organic production,
or (iv) production according to USDA standards but not certified or exempt. Small-scale farms are those with less than
$250,000 (constant 2018 dollars) in farm real estate assets in the initial period. Large-scale farms are those with initial real
estate assets between $250,000 and $10,000,000.
Source: Author’s calculations using US Departmennt of Agriculture Census of Agriculture (2012, 2017).

Table 5. Average Treatment Effect for the Treated: DTC Sales, 2012 Matching on Organic
Production

Mean:
Organic

Production

Mean:
No Organic
Production Difference Std. Err. T-Statistic

Not controlling for organic production
Survival

Small-scale farms 0.473 0.389 0.084 0.015 5.50
Large-scale farms 0.542 0.504 0.038 0.015 2.49

Change in real estate assets (percentage points)
Small-scale farms 0.376 0.481 −0.105 0.042 −2.49
Large-scale farms −0.122 −0.034 −0.089 0.033 −2.73

Survival with nonnegative growth
Small-scale farms 0.225 0.189 0.036 0.012 2.92
Large-scale farms 0.260 0.223 0.037 0.013 2.82

Controlling for organic production
Survival

Small-scale farms 0.473 0.407 0.065 0.016 4.08
Large-scale farms 0.542 0.509 0.034 0.016 2.09

Change in real estate assets (percentage points)
Small-scale farms 0.376 0.543 −0.167 0.047 −3.58
Large-scale farms −0.122 −0.064 −0.058 0.036 −1.62

Survival with nonnegative growth
Small-scale farms 0.225 0.191 0.034 0.013 2.64
Large-scale farms 0.260 0.245 0.015 0.014 1.08

Notes: A farm is classified as having organic production if it had at least one of the following: (i) USDA certified organic
production, (ii) USDA organic production exempt from certification, (iii) acres transitioning into USDA organic production,
or (iv) production according to USDA standards but not certified or exempt. Small-scale farms are those with less than
$250,000 (constant 2018 dollars) in farm real estate assets in the initial period. Large-scale farms are those with initial real
estate assets between $250,000 and $10,000,000.
Source: Author’s calculations using US Departmennt of Agriculture Census of Agriculture (2012, 2017).
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As a second test, we reestimate the ATT for DTC sales using matching as before, but this time
also include an indicator of organic production in the propensity score probit. The top of Table 5
shows the estimates using only the 2012-17 data without controlling for organic production, and the
bottom half shows the estimates for the same sample but including an organic production indicator
in the propensity score probit. If organic production were driving the results, then we would expect
the ATT of DTC sales to approach 0 when organic production was included in the propensity
score probit. In fact, the results change little after including the organic control, and there are no
statistically significant differences between the two sets of estimates.

In sum, we find no evidence supporting the hypothesis that organic production is associated with
farm business performance in such a way as to drive the observed effects of DTC sales on farm
business survival and growth.

Financial Performance

DTC marketing requires farm businesses to use labor and other resources in marketing produce
in exchange for a higher product price. It is possible that this marketing approach alters farm
financial performance, which in turn influences farm survival and growth. Higher (lower) returns
from farming could increase (decrease) the incentive and ability of the business to survive and
expand production. To explore how DTC marketing affects farm financial performance, we match
farms with DTC sales to similar farms without DTC as we did before and then estimate the ATT for
three measures of financial performance: net returns, net return on assets, and sales-to-assets.

We consider several performance outcomes in part because past studies have shown that
exogenous factors can affect outcomes very differently. For example, Ahearn, Liang, and Goetz
(2018) estimated a two-stage Heckman model in which the first stage estimated the probability
that a producer chooses DTC marketing and the second stage estimated how farm and farmer level
characteristics affected gross cash farm income and return on assets. The authors found that many of
the farm and operator characteristics influenced the two farm financial performance measures very
differently. For example, they found that farm size was positively related to farm sales but negatively
related to return on assets.

Several patterns emerge across the three measures of financial performance (Table 6). First,
larger-scale operations with DTC have significantly worse financial performance than those with
no DTC sales for all the commodity categories. Similarly, among small-scale farms specializing in
livestock, those with DTC sales have weaker performance than those without. In contrast, small-
scale crop producers with DTC sales either perform slightly better or similarly to those with DTC
sales. Future research could explore the reasons for these differences across scale and commodity
categories.

The finding of generally lower financial performance associated with DTC sales is consistent
with, and could help explain, the finding that farms with DTC have slower growth rates. However,
lower financial performance is not consistent with the finding of higher survival rates, which suggests
there could be other benefits to DTC marketing that encourage or enable operators to continue in
business. The next section examines one such possible benefit to DTC sales that could increase
survival rates: reducing farm income volatility.

Farm Income Volatility

It is unclear how DTC marketing should affect farm income variability. On the one hand, variation
in the local demand for local food products might cause local food prices and farm income to be
relatively variable. On the other hand, farmers who sell directly to consumers earn some of their
farm income from marketing, and this marketing income could be relatively stable. All farmers
are exposed to unexpected changes in prices and yields. However, income from DTC marketing
depends partly on the margin between wholesale and retail prices and on the time spent marketing.
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Table 6. Average Treatment Effect for the Treated: Financial Performance
Mean:

Organic
Production

Mean:
No Organic
Production Difference Std. Err. t-Statistic

Net returns
Small-scale farms

Fruits and vegetables 5,580 5,993 −414 760 −0.54
Cattle −5,669 −3,047 −2,622 521 −5.03
Other crops 3,427 3,051 376 845 0.44
Other animals −5,551 3,108 −8,659 1,036 −8.36

Large-scale farms
Fruits and vegetables 7,142 28,926 −21,784 5,622 -3.87
Cattle −10,794 507 −11,301 1,977 −5.72
Other crops 11,166 24,416 −13,250 3,346 −3.96
Other animals 7,329 65,307 −57,978 6,032 −9.61

Return on assets
Small-scale farms

Fruits and vegetables 0.161 0.111 0.050 0.026 1.90
Cattle −0.073 −0.052 −0.021 0.014 −1.51
Other crops 0.066 0.062 0.005 0.021 0.23
Other animals −0.126 −0.057 −0.069 0.024 −2.88

Large-scale farms
Fruits and vegetables 0.017 0.034 −0.017 0.004 −4.40
Cattle −0.011 −0.004 −0.008 0.003 −2.74
Other crops 0.018 0.035 −0.017 0.003 −6.41
Other animals 0.003 0.073 −0.070 0.006 −11.78

Productivity (sales/assets)
Small-scale farms

Fruits and vegetables 0.428 0.413 0.015 0.020 0.73
Cattle 0.161 0.235 −0.074 0.013 −5.63
Other crops 0.348 0.295 0.053 0.022 2.42
Other animals 0.236 0.507 −0.271 0.022 −12.58

Large-scale farms
Fruits and vegetables 0.085 0.130 −0.044 0.007 −6.24
Cattle 0.042 0.080 −0.038 0.004 −8.60
Other crops 0.085 0.112 −0.028 0.006 −5.00
Other animals 0.109 0.428 −0.319 0.015 −20.71

Notes: Small-scale farms are those with less than $250,000 (constant 2018 dollars) in farm real estate assets in the initial
period. Large-scale farms are those with initial real estate assets between $250,000 and $10,000,000.
Source: Author’s calculations using US Department of Agriculture Census of Agriculture (2007, 2012, 2017).

Even when input and output prices vary, the markup between the wholesale and retail prices should
remain relatively stable. Hence, the additional income that can be earned from selling directly to
consumers versus selling to wholesalers should not vary substantially because of price fluctuations,
which could make total farm income less risky for DTC farmers.

To understand whether DTC marketing is associated with lower income risk, we compare the
income volatility of farms with DTC sales to similar farms without DTC sales. As before, we use
propensity score matching to estimate the ATT of DTC sales on income volatility. While there
are several possible ways to measure fluctuations in farm income between census periods, the
absolute value of the arc percentage change (AAPC) is a simple measure with a straightforward



Key Direct-to-Consumer Marketing 93

Table 7. Average Treatment Effect for the Treated: Income Volatility and Interest Expense
Ratio

Mean:
Organic

Production

Mean:
No Organic
Production Difference Std. Err. t-Statistic

Income volatility (AAPC)

Small-scale farms

Fruits and vegetables 145.28 155.53 −10.25 1.50 −6.83

Cattle 130.87 141.83 −10.96 1.47 −7.44

Other crops 130.56 146.34 −15.78 1.84 −8.58

Other animals 142.99 154.20 −11.22 1.32 −8.51

Large-scale farms

Fruits and vegetables 133.71 136.57 −2.86 1.57 −1.83

Cattle 118.69 129.08 −10.39 1.27 −8.18

Other crops 117.72 132.48 −14.76 1.49 −9.90

Other animals 126.86 134.00 −7.14 1.47 −4.86

High interest expense ratio

Small-scale farms

Fruits and vegetables 0.055 0.057 −0.001 0.005 −0.26

Cattle 0.131 0.103 0.028 0.006 4.34

Other crops 0.081 0.081 0.000 0.007 0.04

Other animals 0.122 0.104 0.018 0.006 2.93

Large-scale farms

Fruits and vegetables 0.108 0.110 −0.002 0.006 −0.30

Cattle 0.178 0.119 0.059 0.006 9.85

Other crops 0.110 0.092 0.017 0.006 2.88

Other animals 0.156 0.119 0.037 0.007 5.66

Notes: The interest expense ratio indicates whether a farm is in 90th percentile among all beginning farms in the sample.
Income volatility is the absolute value of the arc percent change in gross income. Small-scale farms are those with less than
$250,000 (constant 2018 dollars) in farm real estate assets in the initial period. Large-scale farms are those with initial real
estate assets between $250,000 and $10,000,000.
Source: Author’s calculations using US Department of Agriculture Census of Agriculture (2007, 2012, 2017).

interpretation.8 The AAPC in farm income between year s and t for farm i is defined as

(3) AAPCi = 100 ×
�����
yit − yis

ȳi

�����
,

where ȳi is the average farm income across the two consecutive censuses. Like the percentage
change, the arc percentage change cannot be interpreted when the initial or final value is negative.
To avoid negative values, we estimate the volatility of gross farm income, which is always positive,
rather than net farm income, which can be negative.

The gross farm income for beginning farms varied substantially between the censuses: The
average AAPC ranged from 118% to 156%, depending on farm size and commodity specialization.
The magnitude of these changes is large but consistent with a study by Key, Prager, and Burns (2018)
that used panel data created from the 1997–2013 Agricultural Resource Management Survey. The
study estimated an average AAPC in farm income of 127% for commercial farms.

8 The arc percentage change is used instead of the percentage change because the arc percentage change is symmetric
regarding increases or decreases in income and it is bounded between −200 and 200, which reduces the influence of outliers
(Dynan, Elmendorf, and Sichel, 2012; Hardy and Ziliak, 2014).
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The matching results (top half of Table 7) indicate that for all farm sizes and commodity
specializations, the absolute value of the arc percentage change in gross farm income is 3–16
percentage points lower for farms with DTC sales than for farms without DTC sales. The lower
gross farm income volatility might help explain why farms with DTC sales are more likely to stay
in business, despite having lower levels of financial performance.

Credit Constraints

It is possible that DTC marketing influences farm survival and growth by affecting the principal
operator’s access to credit. The supply of credit is rationed by lenders to reduce the probability
of loan delinquencies and defaults, so some farmers face credit constraints in the sense that they
cannot borrow as much as they would prefer. There is an extensive literature showing that financial
constraints influence the growth of nonfarm businesses (e.g., Becchetti and Trovato, 2002; Carpenter
and Petersen, 2002; Angelini and Generale, 2008; Musso and Schiavo, 2008; Bottazzi, Secchi,
and Tamagni, 2014). In the agricultural sector, Briggeman, Towe, and Morehart (2009) used cross-
sectional farm survey data and found that the value of production was significantly lower for credit-
constrained sole proprietorships. Using panel data from the Census of Agriculture, Key (2022b)
found that beginning farm operators who were credit-constrained took on less new debt and had
slower growth than unconstrained farmers.

It is possible that DTC marketing offers some advantages that would make farmers with DTC
sales less likely to be credit-constrained, which in turn could affect growth or survival rates. DTC
marketing is relatively labor-intensive (Jablonski, Bauman, and Thilmany, 2021), so farmers may
require less debt to achieve the same level of sales. In addition, CSAs often require that subscribing
customers pay at the beginning of the season, which could reduce the need for conventional loans to
meet production expenses (Thilmany et al., 2022).

To see whether credit constraints are associated with DTC marketing, we use matching to
estimate the effect of DTC marketing on the probability of having a high (among the top 10% in
the sample) interest expense ratio (IER). Agricultural lenders commonly use the IER, defined as
the farm’s total interest expenses on all loans divided by value of production, to assess borrowers’
repayment capacity (Farm Financial Standards Council, 2017, p. iii–24). Borrowers with a high IER
could be expected to be less able to repay debt and hence would be less likely to be able to take
on additional loans, which could inhibit farm size growth. Indeed, in a study of beginning farms,
Key (2022b) found that farms with a high IER took on less new debt and had lower growth rates
compared to farms that did not have a high IER.

The matched comparisons (bottom half of Table 7) indicate that having DTC sales increases the
chance that a farm had a high IER in two of the four commodity specialization categories for small
farms and in three of the four categories for large farms. There are no significant differences in the
other size–commodity categories. The finding that farms with DTC sales generally have a higher
IER, and thus would be more constrained in future borrowing, could help explain why DTC farms
have lower growth rates than non-DTC farms.

It is unclear why farmers with DTC would be more likely to face credit constraints. One
possibility is that farmers with DTC sales are less likely to have inherited farm assets, have less
household net worth, or earn less off-farm income. Indeed, using 2008 ARMS data, Low and Vogel
(2011) found that farm households selling local foods earned 17% less, on average, in off-farm labor
income than farm households that did not sell local foods. Unfortunately, the Census of Agriculture
does not collect information on household net worth or off-farm income to allow us to directly
control for these farm household characteristics.
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Conclusion

This study used propensity score matching to estimate the effect of direct-to-consumer (DTC)
marketing on the survival and growth rates of farms that had principal operators with no more than
10 years of farming experience (i.e., beginning farms). Results show that beginning farms with DTC
sales are more likely to survive in business for at least 5 years compared to similar farms without
DTC sales. Results also show that the use of DTC marketing is associated with slower growth in
farm assets and sales over the subsequent 5 years.

The study also considered how DTC marketing affects the likelihood that a beginning farm
survives without declining in size—which is likely a more robust measure of farm business success
than survival alone. In terms of this outcome, the findings suggest that DTC marketing offers benefits
mainly for smaller-scale beginning farms. Specifically, for operations with farm real estate assets
worth less than $250,000 or gross sales less than $75,000, having DTC sales increases the probability
of surviving in business for 5 years without declining in size. The study found that DTC marketing
has no significant effect on this outcome for larger-scale beginning farms. Recent Farm Bills have
increased support for local food markets. The 2018 Farm Bill made funding for the Local Agriculture
Market Program permanent and not subject to annual budget appropriations. While the empirical
literature on the connection between local food market participation and farm performance is mixed,
this study’s findings suggest that smaller-scale beginning farms could benefit from policies that
promote local food markets.

Even though beginning farms with DTC sales are more likely to engage in organic production,
this did not appear to explain the study’s main findings. The survival and growth rates of farms
with organic production are not statistically different from the rates of similar farms without organic
production.

Except for small-scale crop producers, farms with DTC marketing were found to have
significantly lower net returns, returns on assets, and sales-to-assets. Lower financial performance
generally means that business owners will have fewer financial resources to invest back into the
farm. This may help explain why DTC marketing is associated with less farm size growth.

The finding that farms with DTC sales are more likely to have a high interest-expense ratio
than farms without DTC sales could also help explain the lower growth rate for farms with DTC
sales. Studies have shown that farmers with a high interest-expense ratio (a measure of repayment
capacity used by lenders) are less able to take on new debt, which would make it more difficult to
purchase land or equipment to expand their operations (Key, 2022b). Increasing access to credit for
these beginning farmers could help them expand. However, beginning operations may face particular
challenges in securing credit because they are less likely to have established sales and cash flow
records or have sufficient collateral to secure loans. The USDA’s Farm Service Agency (FSA) helps
address beginning farmers’ unmet need for credit by providing loans directly to producers and by
facilitating federally guaranteed loans made through commercial lenders. However, a substantial
share of beginning farmers may not meet FSA’s loan eligibility criteria, which requires, among
other things, that applicants be unable to obtain credit through commercial lenders despite having
a good credit history and a feasible business plan. In addition, FSA loans that target beginning
farmers are often capped. For example, FSA microloans are currently capped at $50,000 for a farm
ownership loan and $50,000 for an operating loan, so they may not meet the financing needs of
some operations. Additional research could improve our understanding of the unmet financial needs
of beginning farmers, including those who market directly to consumers.

The finding that farms with DTC sales have less volatile farm income might help explain
why DTC marketing is associated with an increase in farm business resilience. For all farm sizes
and commodity specializations considered, farms with DTC sales experience a smaller percentage
change in their gross farm income over 5 years. The lower farm income volatility might help explain
why operations with DTC sales are more likely to remain in business despite having lower financial
performance and less farm size growth.
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In addition to differences in organic production, financial performance, income risk and access
to credit, other factors associated with DTC marketing could help explain the differences in farm
survival and growth rates. For example, it is possible that farmers with DTC sales have different
levels of household net worth, off-farm income, training, or education. Alternatively, farmers with
DTC sales might have different preferences for farm versus off-farm work. Researchers have found
evidence that nonpecuniary benefits from self-employment explain why small business owners
remain in business despite earning less than they could earn if not self-employed (Hamilton,
2000). There is also evidence that the nonpecuniary benefits to farming (e.g., greater autonomy,
independence, and lifestyle factors) are substantial (Key and Roberts, 2009). If farmers who sell
directly to consumers derive greater nonpecuniary benefits from their work—perhaps because they
enjoy interacting with their customers—then this would provide a greater incentive for them to
remain in business even with lower profits or business expansion possibilities. Therefore, a stronger
preference for farm versus nonfarm work could help explain the higher survival rates and slower
growth.

The Census of Agriculture, which was used in this study, allows researchers to link farms over
time. This permits an analysis of how DTC marketing influences farm survival and growth, subject to
the caveats discussed in the data section. However, the census does not collect detailed information
about local foods sales, marketing practices, or farm management practices, which could help
explain variation in farm performance. In contrast, the 2020 USDA Local Foods Marketing Practices
Survey (LFMPS) collected detailed information about direct sales, including DTC sales in farmers’
markets, roadside stands, on-farm stores, and community-supported agricultural arrangements. It
also collected information about sales in several direct-to-retail, direct-to-institution, and direct-
to-intermediate market categories. The LFMPS also collected information about direct marketing
expenses, direct marketing practices, and farm management practices. After the 2022 Census of
Agriculture data become available, it should be possible to link the 2017 and 2022 censuses with
the 2020 LFMPS at the farm level, which would allow researchers to assess the importance of direct
marketing arrangements and farm business practices for farm survival and growth. A limitation of
the LFMPS is that it collected only information about total expenses, making it difficult to estimate
the returns to local food production for most farms. Including additional questions on the LFMPS
about both local and nonlocal food production expenses would allow researchers to gain insight into
the contribution of local food production to farm profitability.

[First submitted September 2022; accepted for publication April 2023.]
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Appendix

Table A1. Assessing Matching Quality: Small-Scale Fruits and Vegetables Producers

Variable
Mean: DTC

Sales
Mean:

No DTC Sales
(N = 8,227) (N = 10,635) t-Statistic Prob. > t

Farm real estate assets ($thousands) Unmatched 112.640 114.870 −2.04 0.042
Matched 112.640 112.390 0.21 0.830

Family farm Unmatched 0.882 0.867 2.99 0.003
Matched 0.882 0.882 0.07 0.942

Operator age: 30–39 Unmatched 0.161 0.113 9.71 0.000
Matched 0.161 0.155 1.18 0.240

Operator age: 40–49 Unmatched 0.228 0.232 −0.66 0.510
Matched 0.228 0.223 0.80 0.423

Operator age: 50–59 Unmatched 0.295 0.315 −2.99 0.003
Matched 0.295 0.305 −1.41 0.158

Operator age: 60–69 Unmatched 0.195 0.216 −3.48 0.001
Matched 0.195 0.196 −0.22 0.829

Operator age: 70+ Unmatched 0.066 0.090 −5.91 0.000
Matched 0.066 0.068 −0.44 0.663

Female Unmatched 0.250 0.188 10.22 0.000
Matched 0.250 0.247 0.40 0.691

Black Unmatched 0.031 0.026 2.05 0.041
Matched 0.031 0.030 0.37 0.715

Native American Unmatched 0.019 0.050 −11.45 0.000
Matched 0.019 0.017 0.83 0.408

Asian Unmatched 0.032 0.030 0.63 0.531
Matched 0.032 0.031 0.49 0.622

Hispanic Unmatched 0.027 0.072 −13.64 0.000
Matched 0.027 0.029 −0.57 0.572

Initial year: 2007 Unmatched 0.578 0.423 21.43 0.000
Matched 0.578 0.578 0.03 0.975

County employment change Unmatched 0.923 0.199 5.69 0.000
Matched 0.923 0.883 0.30 0.763

ERS region: Northern Crescent Unmatched 0.286 0.138 25.62 0.000
Matched 0.286 0.289 −0.38 0.705

ERS region: Northern Great Plains Unmatched 0.008 0.006 2.10 0.036
Matched 0.008 0.010 −1.30 0.195

ERS region: Prairie Gateway Unmatched 0.054 0.088 −8.74 0.000
Matched 0.054 0.054 −0.07 0.945

ERS region: Eastern Uplands Unmatched 0.129 0.071 13.37 0.000
Matched 0.129 0.131 −0.35 0.728

ERS region: Southern Seaboard Unmatched 0.151 0.140 2.18 0.030
Matched 0.151 0.152 −0.04 0.965

ERS region: Fruitful Rim Unmatched 0.161 0.391 −35.60 0.000
Matched 0.161 0.160 0.06 0.949

ERS region: Basin and Range Unmatched 0.052 0.064 −3.52 0.000
Matched 0.052 0.046 1.63 0.103

ERS region: Mississippi Portal Unmatched 0.034 0.030 1.80 0.071
Matched 0.034 0.033 0.35 0.730

Notes: The table shows the mean values for farm with direct-to-consumer (DTC) sales and those without DTC sales for the
unmatched and matched farms specializing in “fruits and vegetables” and having less than $250,000 in farm real estate. The
t-statistic corresponds to the test of equal means between the farms with DTC sales and those without DTC sales.
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Table A2. Probit Regression: Likelihood of Having Direct-to-Consumer Sales, Fruits and
Vegetables Producers

Small-Scale Farms Large-Scale Farms
(N = 18,862) (N = 26,331)

Value of farm real estate assets ($1,000) −0.223 −0.170
(0.130) (0.010)∗∗

Family farm 0.118 0.176
(0.029)∗∗ (0.022)∗∗

Operator age: 30-39 0.005 0.051
(0.053) (0.058)

Operator age: 40-49 −0.148 −0.067
(0.050)∗ (0.055)

Operator age: 50-59 −0.181 −0.082
(0.049)∗∗ (0.055)

Operator age: 60-69 −0.171 −0.109
(0.051)∗∗ (0.056)

Operator age: 70+ −0.236 −0.237
(0.057)∗∗ (0.062)∗∗

Female 0.216 0.272
(0.023)∗∗ (0.023)∗∗

Black or African American 0.075 0.041
(0.058) (0.080)

American Indian or Alaska Native −0.480 −0.067
(0.058)∗∗ (0.078)

Asian, Native Hawaiian, or Pacific Islander 0.100 0.050
(0.056) (0.046)

Hispanic −0.316 −0.124
(0.048)∗∗ (0.036)∗∗

Initial year: 2012 0.309 0.130
(0.023)∗∗ (0.023)∗∗

County employment change (percentage points) 0.006 0.005
(0.001)∗∗ (0.001)∗∗

ERS region indicators Yes Yes

Constant 0.030 −0.120
(0.062) (0.069)

Pseudo R2 0.10 0.14

Notes: Single and double asterisks (*,**) indicate significance at the 1% and the 0.1%, respectively. Standard errors are in
parentheses. Small-scale farms are those with less than $250,000 (constant 2018 dollars) in farm real estate assets in the
initial period. Large-scale farms are those with initial real estate assets between $250,000 and $10,000,000.
Source: Author’s calculations using US Department of Agriculture (2007, 2012, 2017).
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