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Abstractp
Numerous interventions have been implemented at
farmers markets across the United States in recent
years in order to increase Supplemental Nutrition
Assistance Program (SNAP) redemptions. These
initiatives include ensuring that farmers markets
have the technological capability of accepting
SNAP and implementing financial incentive
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programs that provide matching benefits for the
redemption of SNAP benefits. While a main objective behind these initiatives is to increase revenue
to direct marketing farmers, it is challenging to
distinguish between the impacts of distinct interventions. This shortcoming is a significant deterrent in understanding how to effectively implement
policies that enhance such objectives. We examine
the impact of Double Up Food Bucks (DUFB), a
prominent farmers market financial incentive program, on county-level direct-to-consumer (DTC)
agricultural sales in Michigan. In our models, we
distinguish between counties with farmers markets
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that do not accept SNAP, counties with markets
that accept SNAP but not DUFB, and counties
with markets that accept DUFB. We also estimate
separate models that allow us to distinguish
between the presence and magnitude of DUFB on
county-level sales. We find that offering DUFB
and accepting SNAP benefits were each associated
with positive and statistically significant increases in
direct marketing sales, and the magnitude of the
DUFB coefficient was greater than the SNAP
coefficient. Our preliminary evidence from coefficient magnitudes also suggests that the county-level
increase in direct sales exceeded the benefit levels.

Keywords
Double Up Food Bucks (DUFB); Supplemental
Nutrition Assistance Program (SNAP); Farmers
Markets; Direct-to-Consumer (DTC) Sales;
Economic Model
Introduction
The conversion of the paper based “food stamp”
program to the electronic Supplemental Nutrition
Assistance Program (SNAP) created administrative
impediments to the redemption of SNAP benefits
at farmers markets and other direct marketing outlets. Two main initiatives were subsequently undertaken to increase SNAP redemptions at farmers
markets. These include installing electronic benefit
transfer (EBT) machines at farmers markets so that
markets are authorized SNAP retailers with the
technology to accept benefits, and include programs that provide incentives for the purchase of
fruits and vegetables at farmers markets by matching the value of SNAP shoppers’ benefits. As a
consequence of these cumulative initiatives, SNAP
redemptions at farmers markets and with direct
marketing farmers increased in nominal dollars
from US$1.6 million in 2007 to US$20.2 million in
2016 (USDA Food and Nutrition Service [FNS],
2017). Also, almost 7,000 farmers markets and
direct marketing farmers have been authorized
SNAP retailers as of 2016, up from approximately
750 in 2008 (USDA FNS, 2017).
There are multiple motivations behind efforts
intended to increase SNAP redemptions at farmers
markets. One of the principle objectives is to
increase the sales and revenue to direct marketing
98

farmers. Enhancing local food markets has been
perceived as an economic development strategy
since local food sales can have positive regional
economic impacts (Hughes, Brown, Miller, &
McConnell, 2007; Hughes & Isengildina-Massa,
2015; Jablonski, Schmit, & Kay, 2016; Miller,
Mann, Barry, Kalchik, Pirog, & Hamm, 2015).
However, one of the challenges with evaluating the
impacts of efforts to increase SNAP redemptions
at farmers markets is distinguishing between the
relative impacts of the numerous interventions. In
many instances, these interventions have occurred
either simultaneously or within a relatively short
timeframe of each other. For instance, installing a
nutrition incentive program at a farmers market
may “crowd out” expenditures that SNAP beneficiaries would otherwise make. Alternately, incentives could draw shoppers to the market whom
would not normally not attend, and result in them
making expenditures from other payment forms,
such as cash, at the market which they would
otherwise not make. The extra income from these
transactions may also provide direct marketing
farmers with an additional revenue stream. Understanding how these disparate interventions complement, or perhaps substitute, for each other is
important in the design and implementation of
policies for these purposes.
In this paper, we develop a county-level model
to examine how the Double Up Food Bucks
(DUFB) incentive program managed by the Fair
Food Network (FFN) impacted 2012 direct marketing sales in Michigan. The DUFB program
offers a dollar-for-dollar match of up to US$20 per
market day for the redemption of SNAP benefits
for Michigan grown fruits and vegetables at farmers markets. DUFB was initiated as a pilot program
in 2009. While other similar financial incentive
programs at farmers markets were also developed
around the United States, DUFB is one of the
most prominent programs, operating in more than
50 counties in Michigan, and used by customers to
purchase fruits and vegetables more than 600,000
times between 2010 and 2016. To date, it operates
in markets and grocery stores in 21 states, including
Michigan.
In our modeling, we distinguish between
counties with farmers markets that do not accept
Volume 8, Issue 1 / Spring 2018
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SNAP, counties with markets that accept SNAP
but not DUFB, and counties with markets that
accept DUFB in addition to SNAP. We also estimate a separate model that allows us to distinguish
between the presence and magnitude of DUFB on
county-level sales. While our models do not inform
us about the mechanisms by which changes in
direct-to-consumer (DTC) agricultural sales may be
impacted as a result of these initiatives, this paper
provides one of the first attempts of distinct estimates of how financial incentive programs impact
DTC sales.

Literature Review
At the intersection of the economic development
and local food systems literature, the question has
been raised about the potential impacts of incentive and benefits programs on sales at farmers
markets (Bertmann, Ohri-Vachaspati, Buman, &
Wharton, 2012; Broad Leib, 2013; Horst &
Gaolach, 2015; Palma, Morgan, Woods, & McCoy,
2013; Sadler, 2016; Young, Karpyn, Uy, Wich, &
Glyn, 2011).1 This issue is relevant to policymakers
focused on expanding local and regional food
systems, as SNAP benefit program recipients may
represent new customers for regional and local
food products (Oberholtzer, Dimitri, &
Schumacher, 2012; Sadler, 2016). Expanding sales
at farmers markets has potential economic and
social impacts through expanded regional markets
for agricultural production and improved access
and health outcomes associated with the consumption of more fruits and vegetables (Bell, Mora,
Hagan, Rubin & Karpyn, 2013; Herman, Harrison,
Afifi, & Jenks, 2008; Project for Public Spaces,
2013).
One challenge to identifying the relationships
between incentive and benefits programs and their
broader economic impacts is the availability of
relevant data for such analyses.2 Using a 2010
survey of 100 farmers markets across 16 states,
1

Two other cited studies on the economic impacts of
increasing the food stamp program (FSP) are Hanson and
Golan (2002) and Zandi (2009) who reported that a US$1
increase in FSP expenditures would lead to a US$1.84 and
US$1.73 impact on broad economic activity, respectively. The
context of these studies is important, as both were framed
around addressing policies intended to manage recessions in

Volume 8, Issue 1 / Spring 2018

Oberholtzer, Dimitri, and Schumacher (2012)
found that incentive programs for food assistance
benefits contribute to increased sales at farmers
markets. However, their sales data were statistically
censored (five sales categories), limiting the level of
analysis. Additionally, incentive programs were
aggregated into a single indicator which did not
allow for distinctions between different incentive
programs. Similarly, Freedman, Marrison-Faye,
Alia, Guest and Hébert (2014) reported that SNAP
and Farmers Market Nutrition Program (FMNP)
benefits provided increased sales revenue, as their
analysis focused on the treatment effect from
including in the “Shop N Save” (SNS) program
(similar in concept to DUFB). However, their data
were limited to a single farmers market in rural
South Carolina and the analysis of variance method
only considered whether revenues changed.
While the research on the economic impacts of
benefit and incentive programs on local foods is
limited, there are a handful of other studies that
provide important insights to help frame the
development of relevant economic models used in
this study. For example, Sadler (2016) found that
socioeconomically disadvantaged persons comprise
a significant market segment relevant to farmers
markets in Flint, Michigan. Based on a 2015 famers
market consumer survey, Sadler also reported that
about one quarter of respondents participated in
benefit programs such as SNAP and DUFB. Prior
work also supported the view that benefit program
recipients, in many cases, are an important customer segment for farmers markets (Young et al.,
2011). Therefore, providing the means for customers to use benefits programs at farmers markets
may contribute to their willingness and/or ability
to participate in farmers markets (Bertmann et al.,
2012; Freedman et al., 2014; Hood, MartinezDonate, & Meinen, 2012; Oberholtzer et al., 2012).
More specifically, Bertmann et al. (2012) found that
providing EBT machines terminals at selected
2001 and 2008 respectively, and were not intended to be
applied to the economics of local food systems.
2 Other studies interested in the economics of local food
systems have also faced obstacles with limited data. Miller and
Mann (2016) provide a more detailed discussion including
some examples of this issue.
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farmers markets in Arizona was correlated with
increased average sales by about 72%. Finally,
Saitone and McLaughlin (2017) found that participants in the Women, Infants and Children
(WIC) program in California were more likely to
fully utilize their benefits when redeeming them at
farmers markets, rather than at other WIC retailers.
Estimating the economic impacts of redeeming
food assistance benefits at farmers markets requires
some assessment of the market place location and
accessibility. Sadler (2016) reported that several
supermarkets in the Flint area had recently closed,
while the farmers market relocated to a more centralized location that previously had limited outlets
for fresh foods. Thus, the Flint farmers market
studied fills an important gap as a venue for typical
grocery shopping. Location may not be the only
factor impacting whether or not low-income
households patronize farmers markets. For
example, Taylor and Villas-Boas (2016) found that
low-income households travel further to shop at
large grocers, superstores, and fast food outlets
compared to farmers markets. One explanation for
this finding is that consumers have preferences for
processed and fast food that may outweigh desires
to access a greater variety of locally produced fresh
fruits and vegetables. It could also reveal a preference for convenience and/or one-stop shopping
when access to transportation may be limited.
Another explanation may be that the prices at
farmers markets are perceived to be higher relative
to those at more conventional grocers (Hood et al.,
2012). However, there is no consensus in the literature on differences that may exist between prices at
DTC markets and prices for comparable products
at traditional retail outlets (e.g., Valpiani, Wilde,
Rogers, & Stewart, 2015).

SNAP in Michigan
Nationally, recent SNAP program declines follow
a nearly three-fold increase in SNAP issuance
across the U.S., not controlling for inflation or
3

We focus on this particular time period because this is the
same period during which the SNAP and DUFB data used in
this study were collected by the Fair Food Network.
4 Values were estimated by summing the total SNAP dollars
redeemed at farmers markets participating in the DUFB
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population, between 2004 and 2011 (USDA
FNS, 2016). The biggest year to year jump
occurred between 2009 and 2010, due in part to
the 2009 American Recovery and Reinvestment
Act. Upon sunset of the stimulus and given other
economic and political factors, total SNAP
expenditures in the U.S. declined from US$79.9
billion in FY 2013 to US$70.1 billion in FY 2016
(Dean & Rosenbaum, 2013; USDA FNS, 2016).
This is also reflected in our study area, Michigan,
as total SNAP redemptions declined by 24%
between the years 2011 and 2015, which was a
statewide reduction from US$3.1 billion to
US$2.4 billion.3
Despite stretches of decline, by 2016, US$20.2
million in SNAP benefits had been redeemed at
farmers markets and through direct marketing
farmers nationally in nominal dollars, with 6,996
farmers markets and direct marketing farmers
becoming authorized SNAP retailers (USDA FNS,
2016). Five percent (381) of nationally authorized
farmers markets and/or direct marketing farmers
in 2016 were in Michigan, and the state currently
ranks third, behind California and New York, in
total number of farmers markets accepting SNAP.
Furthermore, Wayne County in Michigan, which
contains Detroit, has been among the top five
counties nationally in terms of the number of
SNAP households redeeming benefits from farmers markets and direct marketing farmers in 2011
and 2013-2016, while Genesee County in Michigan,
which contains Flint, was among the top 5 counties
nationally in 2011 and 2012.
Between 2011 and 2015, Michigan farmers
markets that provided the DUFB program, which
includes SNAP, increased their respective share of
SNAP dollars captured at farmers market by
34.7%. In Table 1, the average share estimates at
the county level for each year across all farmers
markets that participated in the DUFB program are
shown.4 The table also reveals that there is wide
amount of variance in shares which may be
program, and dividing by the total county SNAP issuance.
Means, variances, minimums, and maximums were generated
across all counties with at least one farmers market that
participated in the DUFB program. Data from FFN and
USDA FNS were used to estimate these values.
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and 2015. While data are
aggregated to the farmers market
Share of SNAP issued a
level and across each market’s
Year
Mean
Std. Dev.
Minimum
Maximum
season, this figure provides some
evidence that SNAP recipients
2011
0.0291%
0.0348%
0.0047%
0.1525%
are redeeming values above the
2012
0.0362%
0.0963%
0.0002%
0.5232%
US$20 dollar DUFB match value
2013
0.0339%
0.0760%
0.0006%
0.4359%
as several farmers markets had
2014
0.0367%
0.0964%
0.0006%
0.6017%
average transaction values above
2015
0.0392%
0.0905%
0.0012%
0.5666%
this mark. We highlight this
a Values estimated at the county-level aggregate, and averaged across DUFB participating
point as it is one indicator that
counties. Data are from Fair Food Network and USDA FNS.
SNAP recipients are spending
impacted by several factors such as the number of
beyond the DUFB US$20 threshold.
participating farmers markets in a county or the
length of time farmers markets participated in the
Methods
DUFB program. Despite the decline in SNAP
Since other initiatives have been undertaken conissuances, Michigan farmers markets that offer
currently to increase SNAP redemptions at farmers
DUFB, on average, have been able to collectively
markets, the objective of this study is to estimate
increase their relative shares.
distinct impacts of the issuance of DUFB while
In Figure 1, we plot the average SNAP
also allowing SNAP redemptions on DTC market
transaction values across all farmers markets that
activity. To accomplish this, we construct an
participated in the DUFB program between 2010
economic model using Michigan county-level data.
Table. 1 Average Share of SNAP Captured by Farmers Markets

Figure 1. Plot of Average SNAP Transactions in Farmers Markets Participating in the Double Up
Food Bucks Program 2010–2015
$140

Average SNAP Transaction (US$)

$120
$100
$80
$60
$40
$20
$0
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2011

2012

2013

2014
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Year
Note: The dotted line indicates farmers markets with average SNAP transactions above the US$20 ceiling.
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We use total DTC sales from USDA’s Census of
Agriculture (USDA, 2014) as a proxy for total
farmers market sales in the county, as data on
farmers market sales either from individual markets
or at the county level were not available. The value
of DTC sales in Michigan in 2012 was US$58.8
million nominally.
There are several caveats with this approximation. First, DTC sales data in the Census of Agriculture represent the sales of unprocessed and
edible agricultural products that occur at any direct
marketing venue. These can include farmers markets but also encompass other direct marketing
venues such as roadside stands, community supported agriculture programs, and pick-your-own
operations. For perspective, consider that farmers
markets sales represented 18% of DTC sales in a
five state region containing Michigan, Indiana,
Illinois, Ohio, and Wisconsin in 2015 (USDA
NASS, 2016). Second, the county-level DTC sales
data represents the county where the agricultural
operation resided, which may not always match the
county where all of its farmers market transactions
occurred. However, we believe this to be a reasonable approximation in the case of farmers markets,
as 61% of agricultural operations selling at farmers
markets traveled less than 20 miles to reach their
highest grossing market, and 82% traveled less
than 40 miles (USDA NASS, 2016).
The DUFB and SNAP data from farmers
markets were collected between 2010 and 2015 by
FFN. We provide a brief description of the DUFB
and SNAP transaction data collection in Appendix
A. The DTC sales data is only available for 2012
during the same period. Therefore, we consider the
influence of DUFB and SNAP on the farmers
markets sales proxy for only 2012 in our model.
The empirical model is as follows:

=
where
5

+

is the log of total DTC sales in county i,

See Greene (2012) for a detailed discussion on log
transformations in econometric modeling.
6 While Michigan has 83 counties, Keweenaw County’s 2012
Census of Agriculture data are not disclosed as the county only
has 6 farms and combined produced less than US$6,000 in
market value in 2007 (USDA 2014). Therefore, this observa-
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is a vector of explanatory variables including the
indicators for “SNAP only” and “DUFB participation,” is a vector of the parameters to be estimated, and ~ (0,1) is the error term. Due to a
high amount of variation across county-level observations (discussed in the next section), we use the
log of DTC to help control for potential heteroscedasticity in the model.5
From the empirical model, we develop two
sets of regression estimations. The first includes 82
county-level observations6 and the primary explanatory variables of interest are indicator variables for
counties with (1) the DUFB and SNAP program
and (2) SNAP without the DUFB program (the
indicator for neither program is dropped for estimation purposes). The second model is presented
in Appendix B.7 The “DUFB” indicator identifies
the presence of both DUFB and SNAP programs
and is based on Michigan counties in 2012 with at
least one farmers market that participated in the
DUFB program. The “SNAP only” indicator
identifies counties with at least one farmers market
that accepted SNAP, but did not have any farmers
markets participating in the DUFB program. This
variable was constructed from two sources, USDA
Agricultural Marketing Service (AMS) data available from the USDA Economic Research Service
(ERS) Food Environment Atlas (USDA ERS,
2017) and the FFN farmers market data indicating
the presence of DUFB.
Because the DUFB leverages SNAP benefits,
only farmers markets accepting SNAP are eligible
to participate in the DUFB matching program.
However, farmers markets that accept SNAP
payments do not necessarily participate in the
DUFB program. Within our data set, we identify
three general groups of counties in the state: (1)
those with at least one farmers market that accepts
DUFB and SNAP; (2) those with at least one
farmers market that accepts SNAP but not DUFB;
and (3) those with farmers markets that do not
tion was dropped from the model in place of reporting it as
zero.
7 A discussion of the motivation, methods, and results for the
second model are provided in Appendix B, as these result are
less robust but provide some valuable insight into the DUFB
program.
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Figure 2. 2012 Supplemental Nutrition Assistance Program (SNAP) and Double Up Food Bucks (DUFB)
Participation in Michigan Farmers Markets, Aggregated to the County Level

SNAP and DUFB Participation

Neither

SNAP

SNAP + DUFB

Data sources: USDA ERS (2017) and original data from Fair Food Network.

accept either program. Thus, counties fell into one
of the three categories as shown in Figure 2. There
were a total of 46 counties with at least one famers
markets that accepted SNAP in 2012, and 27 of
them also participated in DUFB. The “SNAP
only” indicator included the remaining 19 counties
that accepted SNAP but that did not participate in
the DUFB program. We use an indicator variable
to track SNAP availability since county-level or
market-level data on SNAP redemptions at all
Michigan farmers markets and direct marketing
venues is not available statewide.
We include per capita personal income (PCPI)
(USDOC BEA, 2016) in log form to account for
Volume 8, Issue 1 / Spring 2018

the effect of income on DTC sales. While there is
some debate in the local foods literature regarding
the effect of income on farmers markets sales,
income does play a role in food purchases by
households (Gregory & Coleman-Jensen, 2013;
Low & Vogel, 2011; Valpiani et al., 2016). Next, we
include a proxy for food access by using the share
of people in a county who commute to work using
public transportation (USCB, 2016). Our motivation here is that there are mixed results from
studies considering the impact of food access on
participation in farmers markets (Sadler, 2016;
Taylor & Villas-Boas, 2016). We control for
population (USDOC BEA, 2016) in place of
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Table 2. Summary Statistics of County-Level Data in Regression Model, 2012
Variable

Mean

Std. Dev.

Minimum

Maximum

Total all counties

Log Direct Sales (US$)

13.48

13.79

9.62

15.59

17.89

DUFB and SNAP indicator

0.33

0.47

0

1

27

SNAP only indicator

0.23

0.42

0

1

19

Log DUFB (US$)

9.24

10.39

0.00

12.20

Log PCPI (US$)

10.41

8.64

10.17

10.96

–

0.70

0.83

0.00

5.46

–

120.54

260.42

6.41

1,792.51

–

Share on public transportation (%)
Population per 10,000

scaling the dependent variable8 and we include
regional indicators to control for regional-specific
unobserved factors. We use regional indictors in
place of county fixed effects since our data are
cross-sectional only. Regions are based on the
Michigan Department of Agriculture and Rural
Development designations (MDARD, 2013).
The motivation for the design of our first
model is to allow us to distinguish between the
influence of the DUFB program and SNAP on
DTC sales. Based on this model, we specifically
consider the following three research questions:
(1) would adding the DUFB program to farmers
market in a county where it does not already exist
in farmers markets increase DTC sales; (2) do
SNAP recipients represent new customers to
farmers markets, and thus, increase DTC sales;
(3) does the addition of DUFB to farmers markets
already accepting SNAP lead to an increase in sales
above that provided by SNAP? We would interpret
the first and second research questions as affirmative if the coefficients on the corresponding DUFB
and SNAP variables, respectively, are positive and
statistically significant from zero. We would conclude that the third research question holds if the
DUFB coefficient is larger than the SNAP coefficient based on a statistical test of whether the
DUFB parameter estimate is greater than the
SNAP parameter estimate.

Results
Summary statistics for our modeling data are
presented in Table 2, and correlations results are
8

The population parameter is small; therefore, population was
scaled to per 10,000 persons so the results would be visible
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13.56

shown in Table 3. There is a high level of DTC
sales variation across Michigan counties as DTC
sales range for the 82 counties included in the
model from US$15,000 to US$5.9 million (log
DTC range is US$9.62 to US$15.59). The DTC
variable is positively correlated with all variables,
although the SNAP-only correlation is not statistically significant, and the highest level of correlation is with the DUFB and/or SNAP indicator.
Total DUFB issued at farmers markets aggregated
to the county-level range from US$0 (in counties
where the program is not present) to US$0.2
million. Total DUFB issued across all participating
farmers markets, in all counties included in the
study, was about US$0.85 million in 2012.
We use robust standard errors in the regression
results presented in Table 4. We also report the pvalues indicating the level of statistical significance
of the parameters. The model 1 results9 reflect
(1) DUFB and SNAP and (2) SNAP-only indicators as the independent variables of primary
interest, and we use this model to test our three
research questions presented above. Both primary
variables are positive and statistically significant, as
the DUFB indicator parameter is statistically significant at the 1% level and the SNAP-only indicator is statistically significant at the 10% level. We
interpret the results as showing in a broad sense
that they provide further support that incentive
programs, in this case the DUFB and SNAP programs separately, are positively related to increased
DTC sales for counties with these kinds of programs in place. Given our specific research ques(not reported as zero) in the table of results. .
9 Model 2 results are presented in Appendix B.
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Log Direct Sales (US$)
DUFB/SNAP Indicator
SNAP only indicator
Log DUFB (US$)
Log PCPI (US$)
Share of public trans. (%)

Population per 10,000

Share on public trans.

Log PCPI ($)

Log DUFB ($)

SNAP only indicator

DUFB/SNAP indicator

Table 3. Correlations of County-Level Data in Regression Model, 2012

0.4537

0.0193

0.4518

0.4228

0.2038

0.3397

0.0001

0.8637

0.0001

0.0001

0.0663

0.0018

–

–0.3848

0.9724

0.4057

0.3793

0.4435

–

0.0004

0.0001

0.0002

0.0004

0.0001

–

–

–0.3741

0.0156

–0.0783

–0.1358

–

–

0.0005

0.8895

0.4846

0.2239

–

–

–

0.3658

0.4735

0.4788

–

–

–

0.0007

0.0001

0.0001

–

–

–

–

0.2890

0.4089

–

–

–

–

0.0084

0.0001

–

–

–

–

–

0.4574

–

–

–

–

–

0.0001

Note: P-values in italics

tions, we further infer from the results that (1)
adding both SNAP and the DUFB program to
farmers markets in counties without them will also
increase DTC sales in those counties (first research
question); and (2) program recipients represent a
new market segment of farmers market shoppers
(second research question).
The DUFB parameter (0.757) is just under
twice the size of the SNAP parameter (0.396). We
find in a separate statistical test that the DUFB
parameter is about 1.5 times the size of the SNAP
parameter.10 This implies that the DUFB program
contributes to additional DTC sales beyond those
already provided by SNAP (addressing our third
research question). For the control variables, only
the log of PCPI is statistically significant and positive. The magnitude of the log of PCPI is about 2
times the size of the DUFB indicator. This implies
that income, or factors contributing to (or correlated with) higher levels of income, such as education, impact DTC sales. While the sign of the share
of public transportation parameter is negative, sug-

gesting that reduced accessibility negatively impacts
DTC sales, the parameter is not statistically significant. The sign of population (per 10,000) is positive but is not statistically significant, and the
intercept and regional indicators are also not
statistically significant.

10

procedure.

We used the “test” syntax command in the SAS REG
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Discussion and Conclusion
The purpose of this study is to expand the current
knowledge about the economic impact on DTC
sales—and thus, on farmers market vendors—
from incentive programs. Specifically, we focused
on the Michigan DUFB program impacts on
county-level DTC sales using a unique data set that
combined 2012 Michigan farmers market SNAP
and DUFB transaction data with USDA Census of
Agriculture DTC sales and other county-level
variables. The results from this study reveal
important insights about benefits and incentive
program impacts on DTC sales. First, our findings
provide further support to previous work (e.g.,
Freedman et al., 2014; Oberholtzer et al., 2012;
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Saddler, 2016) that benefits and
Table 4. Regression Results for Log Direct Sales Model 1, 2012
incentive program recipients, in this case
Model 1
SNAP and DUFB, are a market segment
Variable
Estimate
P-Value
for farmers markets, and, where present, Intercept
–1.457
0.8472
benefits and incentive programs help
DUFB Indicator
0.759
0.0020
increase the sales revenue for farmers
SNAP only indicator
0.396
0.0766
selling at DTC agricultural markets
Log PCPI (US$)
1.359
0.0573
relative to where they are not in place.
Share on Public Transportation
–1.324
0.8942
Further, this market segment has been
0.002
0.8618
one area of growth for Michigan farmers Population (per 10,000)
a
Regional
indicator
variables
markets despite state-wide reductions in
Upper Peninsula
–1.700
0.2809
the level of SNAP benefits. Thus, we
Northwest
–0.374
0.8115
would expect that adding the DUFB
Northeast
–1.297
0.4002
program to counties where it is not
West
0.507
0.7301
present would result in additional sales at
East Central
–0.318
0.8343
farmers markets.
East
0.534
0.7151
Second, the DUFB program
South Central
–0.231
0.8775
provides an economic benefit that is
Southwest
0.760
0.6154
separate and in addition to that from the
Southeast
0.517
0.7294
SNAP program. In particular, our results
Adj.
R-Squared
0.611
indicate that the presences of the DUFB
No. Obs.
82
program increases by about 50% the
F value
10.1
impact of that from the SNAP program
on DTC agricultural market sales. This
a The dropped regional indicator includes Wayne County (Detroit metropolitan
was reflected by the result that the
area).
DUFB indicator was about 1.5 times the
of interpretation (Greene, 2012). Additionally, the
size of the SNAP only indicator. While the overall
different types of incentives potentially available at
values appear relatively small, it is important to
the farmers markets studied by Oberholtzer et al.
keep in mind that the DUFB program represents a
(2012) were aggregated into a single indicator
fraction of total farmers market sales, and farmers
variable due to the nature of the survey question.
market sales represent a percentage of DTC sales.
Freedman et al. (2014) examined the influence of
As shown in Table 2, total DTC sales were about
the SNS program, similar in concept to DUFB, at a
US$58.7 million in 2012 and total DUFB redempsingle farmers market in South Carolina. While
tions in farmers markets were about US$0.85
results indicated that the treatment effect of the
million (or 1.45% of total direct sales).
SNS program resulted in increased farmers market
Our results also support finding from previous
sales, their analysis did not control for other factors
studies as well as expand the current understanding
that may have also influenced the outcome nor
in terms of incentive program influences on farmcould it parse out the influence from other indiers market sales. For example, Oberholtzer et al.
vidual incentive programs. Parameter results
(2012) reported that vendors perceived they experireported in our study are elasticities which are
enced increased sales from farmers markets that
easier to interpret. Further, our approach allowed
participated in incentives program (such as SNAP).
incentives to be disaggregated into three groups
While their incentive programs parameter is posi(DUFB & SNAP, SNAP only, none).
tive and statistically significant, it was generated
Although we did not include the result from
from a logistic regression model and reported
model 2 in the main results sections, instead
results did not include the marginal effects. Instead,
placing it in Appendix B, they (combined with the
their results are relative to the log-odds ratio for
information in Figure 1) suggest that some DUFB
the incentive variable and not as intuitive in terms
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recipients are spending more at farmers markets
than just the matched SNAP and DUFB incentive.
Since the DUFB program is a matching program to
SNAP expenditures, we would expect to see about
1:2 ratio with respect to DUFB issued and DTC
sales. In other words, for every US$1 of DUFB
(which is matched with US$1 of SNAP, resulting in
US$2 to spend) we expect to see a US$2 impact on
DTC sales. Instead, this model estimates the ratio
of influence about 1:9—i.e., US$1 of DUFB would
lead on average to a US$9 increase in DTC sales.
This estimate includes the contributions from
SNAP and DUFB, and the amount in excess of
US$2 may include other dollar contributions, for
example, higher SNAP redemptions, other incentives and/or philanthropy, or out of pocket spending from recipients. While we are concerned about
the robustness of the model 2 results in the exact
impact, when considered along with the evidence
in figure 2 showing average transactions beyond
the US$20 DUFB maximum allowable use, this
provides some support that the contribution of at
least some DUFB and SNAP recipients to DTC
market activity in Michigan appears to exceed the
combined dollar value of the DUFB and SNAP
benefit.
While investigating these other potential
sources of contributions, whether out of pocket or
from other programs, is beyond the scope of this
study, this notion of benefits and incentive program recipient expenditures exceeding the combined dollar value of the DUFB and SNAP is
relevant for multiple reasons. The most obvious is
the potential economic benefits to farmers and
markets, as these additional purchases could translate into a multiplier-type effect with respect to
recipient spending at farmers markets. It may also
be possible to connect these economic benefits
from the SNAP and DUFB programs offered at
farmers markets to the health benefits and behaviors of recipients related to their shopping at
farmers markets. Implied additional spending on
eligible farmers market products could also be
translated into increased consumption of fruits and
vegetables on the part of recipients, another of the
motivating factors for offering these incentive
programs. Going forward, it will be important to
evaluate whether shopping and spending behaviors
Volume 8, Issue 1 / Spring 2018

continue as consumers transition off of food
assistance benefits and incentives.
Third, this analysis highlighted areas for further study. While prior work has considered benefits and incentive program impacts in aggregate, the
contribution of our study was to examine the
benefit and incentive programs independently of
one another. Though the two programs are linked,
our results indicate that each program provides a
separate impact. This may be true of other benefits
and incentive programs, and could provide
important policy implications with respect to
expenditure allocation; i.e., to what degree would
changes in one program help or hamper another?
Finally, our experience during this study points
to the need for improved local food data collection
as this will help further advance our understanding
of how financial incentives for food assistance
benefits impacts local economic activity. One
limitation of our study is that DUFB was exclusively administered at farmers markets, while we
are using aggregated DTC sales data that includes
farmers market sales in addition to other kinds of
sales. Access to total sales data at the market level
would enable more rigorous analysis of the influence of benefits and incentives, but this is generally
difficult if not impossible to obtain. Also, in recent
years DUFB has been incorporated at grocery
stores in Michigan, and there is not a publicly
available secondary data source that tracks the
purchases of local food products by grocery stores.
We hope that this approach based on county-level
DTC sales inspires further modeling using publiclyavailable data, as well as enhanced communication
between researchers and farm and market stakeholders about the information necessary to evaluate economic implications of market activities and
interventions.
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Appendix A

DUFB and SNAP Transaction data
For the direct sales models presented in this paper we only used the 2012 data (discussed in more detail in the
methods section above). However, the discussion below includes information for the years 2011-2015. In
these years, most markets disbursed incentives using a token based system at participating Michigan farmers
market locations. At these locations, customers swiped their EBT card at the market’s information booth or
at the farm stand. Customers received a 1:1 match in DUFB silver tokens, which were immediately
redeemable for Michigan-grown produce in the marketplace. Incentive tokens were universal and could be
earned and spent at any participating market location throughout the state. Market staff tracked SNAP sales
and incentive disbursement data at the point of sale in every market day on a paper ledger or Excel file.
Market staff also collected and recorded redeemed tokens from participating vendors in the marketplace on a
regular schedule.
Some locations have piloted electronic disbursement of incentive funds. At these outlets, EBT customers
enrolled at a central booth on their first trip to the farmers market and then customers earned and spent
incentive dollars directly with vendors in the marketplace. FFN has piloted two models for electronic
disbursement:
•
•

Flint Farmers Market incentive credits were stored on a separate card with magnetic strip, and
vendors processed transactions at their stall on a hard-wired device that does not process EBT.
Other electronic pilot sites used the Mobile Market Plus app, where incentive credits were stored on
a customer’s EBT card in a separate, associated account. Vendors processed incentive transactions at
their stall on the same wireless mobile device that processes EBT with the Mobile Market Plus app.

Token-based sites. Beginning in 2015, market outlets reported weekly transaction data on a monthly
basis via the online Qualtrics survey software system. Program transaction data included weekly EBT and
incentive dollars distributed and redeemed, the number of EBT and incentive transactions, and the number
of new EBT customers at their market. Famers markets also provided market profile data (e.g., market hours
of operation, location), vendor-specific data, and supporting documentation (e.g., EBT batch reports) once
each season to FFN via completion of an online survey administered in March. Prior to 2015, farmers market
outlets reported weekly transaction data on a monthly basis via an editable shared Google spreadsheet with
other farmers markets and FFN. FFN manually transferred this data via cutting and pasting to master Excel
file for analysis.
Electronic pilot sites. For all years, FFN pulled monthly transaction data from a web portal on a set
monthly schedule. This data was manually copied and pasted into an Excel-based master data set managed by
FFN and stored on organization’s server.
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Appendix B

Model 2 Methods
To estimate the impact on a per dollar basis of DUFB issued on county-level DTC sales, we developed a
second model using the log of DUFB issued in place of an indicator. Our second model is in the same form
as model one, where is the log of total DTC sales in county i. In this case, however,
is a vector of
explanatory variables that includes the log of the DUFB value redeemed. Additionally, the second model only
includes data from the 27 counties that had one or more farmers markets that participated in the DUFB
program in 2012. We control for population and income in model 2, but drop the food access variable.
Similar to the previous model, we expect the DUFB parameter to be positive if this is a distinct customer
segment shopping at farmers markets. Since both the DTC sales and DUFB variables are in log form, we
interpret results in Model 2 as follows: a 1% change in DUFB would result in a percentage increase, if the
parameter is positive, or decrease, if the parameter is negative, that corresponded to the DUFB parameter
estimate. Our fourth research question to consider based on these results is: to what extent does increasing
(decreasing) the magnitude of the DUFB program in counties’ farmers markets currently using the program
increase DTC sales?
An initial assessment of a scatter plot of the data showed that Berrien County appeared as an extreme
value, accounting for the highest share of total DTC sales (17% or US$5.9 M) among the 27 counties and one
of the lowest shares of DUFB issued (US$786). To put this in perspective, we estimated the ratio of DTC
sales to DUFB issued (DTC and/or DUFB) and found Berrien County’s ratio was 18 times larger than the
county with the next highest share. Further analysis revealed that only one farmers market in Berrien County
participated in the DUFB program in 2012, and that the prior year, 2011, was its first year to participate in
SNAP. Additionally, this specific market was open about 50% less time than the average of other markets in
the 27 county sample (98 days compared to the mean of 199 days). While individually considered, these
factors are not unique. Combined, however, these factors likely contributed to Berrien County’s appearance
as an extreme value in the data set. Therefore, we included an indicator for Berrien County in model 2 in
place of dropping the observation.11

Model 2 Results
The results for the model 2 (shown in Table B1) reflect the use of the log of DUFB as the main independent
variable and are used to test our fourth research question. Here, the log of the DUFB parameter is positive
and statistically significant at the 10% level. Parameter results suggest that, on average, a 1% increase in the
DUFB dollars redeemed at farmers markets would increase DTC sales by 0.198% (an elasticity of about 0.20).
We use average values of the county-level parameters reported in Table 2 to estimate that issuing one
additional DUFB dollar at a farmers market would increase DTC sales in a county on average by US$9.31.
We include the 90% confidence intervals (since the p-value is between 5-10% for the log DUFB) and
estimate a range of DUFB impact. We find the range for issuing an additional DUFB dollar to be between
US$0.85 and US$17.76.

11

Similar procedures have been used in innovation studies (Mann & Shideler, 2015).
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Table B1. Regression Results for Log Direct Sales Model 2, 2012
Model 2

Variable

Estimate

90% CI
p-value

Lower

–5.256

0.4745

–17.895

7.383

Log DUFB (US$)

0.198

0.0730

0.018

0.378

Log PCPI (US$)

1.829

0.0199

0.609

3.049

–0.001

0.1986

–0.003

0.000

Upper Peninsula

–3.334

0.0402

–6.058

–0.760

Intercept

Population (per 10,000)
Regional indicator

variablesa

Northwest

–2.339

0.1432

–5.184

0.331

Northeast

–3.209

0.0499

–5.985

–0.594

West

–1.402

0.3120

–3.973

1.012

East Central

–1.818

0.2170

–4.504

0.695

East

–1.251

0.3891

–3.906

1.291

South Central

–2.060

0.1534

–4.636

0.359

Southwest

–2.158

0.1534

–4.837

0.375

Southeast

–1.219

0.3598

–3.624

1.094

2.739

0.0001

2.211

3.267

Berrien County Indicator
Adj. R-Squared

0.429

No. Obs.

27

F value

2.5

a The

Upper

dropped regional indicator includes Wayne County (Detroit metropolitan area).

Similar to the model 1, the income parameter is statistically significant and, in this model, about 9 times
the size of the DUFB parameter. Again, this suggests that the income, or related factors to higher income, are
important in terms of DTC sales. Next, two regional indicators, the Upper Peninsula and Northeast regions,
are negative and statically significant. This reflects that each had the lowest two levels of aggregated DTC
sales in 2012. Finally, the Berrien County indicator used to control the extreme observation in the data is
statistically significant and positive. This reinforces our observation Berrien County appears as an extreme
value in our data.
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